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(ARIPUC 13, 1979)

WORD BOUNDARIES AND Fo PATTERNS IN ADVANCED STANDARD COPENHAGEN
DANISH

Nina Thorsen

Abstract: In a previous analysis word boundaries have been denied
any influence upon the course of fundamental frequency
in the stress groups of Advanced Standard Copenhagen
Danish. A small experiment has been carried out, which
supports this contention, but which also suggests that
in more conservative standards, word boundaries do af-
fect Fo patterns.

o Introduction

In many languages linguistic stress and Fo (or pitch) are in-
terrelated. This is true of e.g. Danish (Thorsen, 1978), Dutch
('t Hart and Cohen, 1973), English (Fry, 1958; Lieberman, 1960),:
and Swedish (Bruce, 1977). The nature of this relationship is
language and dialect specific and so is probably also the weight
which pitch has among other prosodic cues for the perception of
stressed vs. unstressed syllables. Further, the domain, i.e. the
specific combination of stressed and unstressed syllables, of Fo
patterns may vary between languages. Thus, Esser (1978) hypothe-
sizes that in German the word is the unit which governs Fo, where-
as in English it is the foot (Halliday, 1967). Bruce (1977) im-
plies that in Swedish the word does not seem to constitute the ba-
sis for fundamental frequency patterning, and the analysis report-
ed in Thorsen (1978) renders support for a contention that in Ad-
vanced Standard Copenhagen (ASC) Danish, word boundaries are imma-
terial for the Fo patterning. ‘

For a brief summary of the 1978 analysis, the reader is re-
ferred to Thorsen (1979 - this volume, p. 60-65). - The estab-
lishment of the stress group, i.e. a stressed syllable and all suc-
ceeding unstressed syllables, as a relevant unit for the descrip-

tion of ASC Danish is corroborated by Reinholt Petersen's investi-
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gations on intrinsic Fo level differences between vowels (1979,
this volume). Further, an analysis of utterances with emphasis
for contrast also strongly suggests that word boundaries are "de-
leted" in the Fo course (Thorsen, forthcoming). However, none of
the Danish material so far analyzed has been designed expressly
with regard to an interplay between word boundaries and Fo pat-
terns, and conclusive, unambiguous evidence seemed called for. The

present experiment was intended as a pilot study.

2. Material, subjects, and registrations

2.1 Material

It is difficult to construct utterances containing stress

groups which are different only in the placement of word bounda-
ries. Still, the utterances presented below are advantageous from
two points of view: The stress group under scrutiny is the first
one in the sentence, thus rendering any Fo differences more notice-
able than they would be in later parts of the utterance, because
Fo patterns are more elaborate in initial than in final parts of
declarative utterances (cf. fig. 1 on page 60, this volume).
Further, the stress group contains only one unstressed syllable,
and any word boundary signal would thus have only one syllable to
manifest itself on, which might make it more easily detectable
than in longer tails of unstressed syllables. Thus, we could ex-
pect that the extent of the (incomplete) rise-fall exhibited by a
single post-tonic syllable (cf. p. 64-65, this volume) befa func-
tion of word boundary location, so that higher rises are found
when the post-tonic belongs to the same word as the preceeding
stressed syllable, lower rises are found when the unstressed syl-
lable is a separate word, and still lower rises (or falls) when it

belongs to the next lexically stressed word.

The test sentences are:

(1) Pipiku kukker bedre end gggen. .
[ghi'highu 'ghudn 'bed-a n '3¢2n]
(Pipiku calls better than the cuckoo.)

(2)  Pipi ku kukke bedre end gg¢gen.
[phi'phi ghu 'ghugs ...]
(Pipi could call better than the cuckoo.)
(3) Pipi kukkukker bedre end gpgen.
[thighi éhuléhuéA ois sl
(Pipi calls better than the cuckoo.)
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Pipi is, for the purpose of the present experiment, a French
girl's name, and thus stressed on the last syllable, whereas
Pipiku is an Indonesian girl's name, and stressed on the the sec-
ond syllable (or so the subjects were told). To kukke is to call
like a cuckoo. A cuckoo's call is a kukkuk (or a kuk) and the
verb form derived from this noun would be to kukkukke. (None of
the subjects protested about the unlikeliness of the sentences,
but they were, admittedly, all phoneticians and therefore used to
all sorts of things.)

The three sentences were mixed with 30 others that served a
completely different purpose and they only occurred once each on
every two pages of reading material, which further occurred in
three different randomizations (each being read twice by each sub-
ject), so any direct comparison of the test items was avoided and,
likewise, any list reading effect. (However, if subjects cared to
think about it, the purpose of the three sentences was of course

very transparent.)

2.2 Subjects

Two subjects who also served for the 1978 analysis (NRP, male,
and BH, female) recorded the material, and so did the author (NT).
All three speak ASC Danish. Further, a male subject (JR) who

speaks a slightly more conservative variant of Standard Danish was
recorded, but for technical reasons, only three recordings of each

sentence were obtained from him.

2.3 Recordings

The recordings took place in a quasi-damped room with semi-
professional equipment (Revox A77 tape-recorder, Sennheiser MD21
microphone, larynx microphone) in two recording sessions, spaced

at least one day apart.

2.4 Registration and measurements

The recordings were processed by hard-ware intensity and pitch
meters (F-J Electronics) and registered on a mingograph (Elema 800).
(The intensity curves serve segmentation purposes only.) The sig-
nal from the larynx microphone was processed in the hold mode.

This, in combination with adjustment of the zero-line to the lower
limit of the subject's voice range and full exploitation of the
record space of the mingograph galvanometer, yields a good solu-

tion of the frequency scale, generally making a measuring accuracy
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of 1 Hz possible for males and 2 Hz for females. - The first

four vowels in the sentences were measured, as follows: Monoto-
nously falling or rising Fo movements (and this description covers
most of the vowels) were measured at a point in time 2/3 of the
distance from vowel onset, because this point corresponds to the
perceived level pitch of the vowel, if its movement is not per-
ceived (cf. Rossi, 1971 and 1978). The post-tonic vowel is often
rising-falling and is then measured at its peak. - The distance
in time of each measuring point from the first stressed vowel was

also measured.

e Results

3.1 Fundamental frequency
The averages are given in table 1 (with standard deviations),

and in fig. 1 stylized tracings of the Fo course in the first

four syllables of the test sentences are depicted. To facilitate

the comparison between stress group types and between subjects,

the Fo averages were converted to semitones (re 100 Hz) which val-

ues were then weighted (by simple multiplication) to make all in-
tervals between the two stressed vowels equal (3 semitones) and

then they were normalized (by addition or subtraction) to have the 5
stressed vowels coincide at 6 and 3 semitones, respectively; the
durations were normalized to a stressed vowel distance of 38 cs,

ey e .2,

It seems clear (particularly from fig. 2) that the three ASC
speakers (NRP, BH, and NT) do not distinguish the three stress
group types in the Fo course, except that NT has the post-tonic
slightly higher in Pipiku kukker ... than in the other two sen-
tences. JR is evidently different, and he follows the pattern

outlined in section 2.1: the highest rise to the post-tonic is

found in Pipiku kukker ... where the post-tonic belongs to the

same word as the preceding stressed syllable, lower in Pipi ku

kukke ... where the post-tonic constitutes a separate word, and
lowest in Pipi kukkukker ... where the post-tonic belongs to

the next stressed word.
Fig. 2 is informative, but the normalization and weighting
that it took to produce it may blur some differences of a funda-

mental kind (at least as far as JR is concerned): It appears from
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Stylized tracings of the course of fundamental frequency in the
first four syllables of the test sentences.

0O : Pipiku kukker bedre end gggen. O: Pipi ku kukke bedre end

A : Pipi kukkukker bedre end gggen.

gggen.
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fig. 1 (and table 1) that the post-tonic is not the only vowel
which varies - so does the level of the first stressed vowel and
(to a smaller degree) the second stressed vowel. In particular,
JR's patterns in fig. 1 make one suspect that the level of ['i]

and that of [ u] covary: ['i] is highest and simultaneously [ u]
is lowest (relative to ['u]) when the post-tonic belongs to the
succeeding stressed vowel (Pipi kukkukker ...), and ['i] is lowest
and simultaneously [ u] is highest (relative to ['u]) when ['i] and
[,u] belong to the same word (Pipiku kukker ...). This means that it
is not sufficient to just compare the average values of the post-
tonic vowel across stress group types, in order to establish to
what extent the observed differences may be statistically signif-
icant: the relations between the vowels should be taken into ac-
count. = In table 2 are given average values and standard devia-
tions of the relations between the vowels (excluding the sentence
initial one): the rise from stressed to post-tonic ('i-ou), the
fall from post-tonic to the succeeding stressed vowel, numerically

(ou-'u), and the fall from the first to the second stressed vowel,

numerically ('i-'u). The covariation observed with JR, cf. above,
may be expressed (arbitrarily) as the fraction of the ou-'u—inter—
val to the 'i-!u-interval (ou-'u/'i-'u): the fraction decreases

the closer the post-tonic is to the second stressed vowel and/or
the higher the first stressed vowel is (relative to the second
stressed vowel). In table 3 these entities are compared across
stress group types, and the statistical significance, if 10% or
better, is indicated. Even though JR's averages are based on only
three recordings, the differences observed are statistically sig-
nificant in most instances, and the order of the stress group
types, from highest to lowest, with respect to the four parameters

is as expected: Sentence 1 (Pipiku kukker ...) scores highest and
sentence 3 (Pipi kukkukker ...) scores lowest with respect to

the rise to the post-tonic ('i—ou), the fall from the post-tonic
(ou-'u), and the fraction (ou—'u/ll-'u). The order is reversed,
as it should be, in the inter-stress interval ('i-'u), except that
the difference is nearly nil between Pipi ku ... and Pipiku
..s « = The other subjects do not behave in a fashion uniform

with JR: the order of the stress group types from highest to low-
est, with respect to the four parameters in table 3, is only iden-

tical to that of JR in two instances (NRP: 'i—ou and °u—'u/'i—'u).
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Table 3

A comparison across stress group types of the Fo relationships
tabulated in table 2. The stress group types are designated
"1" (Pipikn kukker .. <), "2" (Pipi - Ku kukke: ;.dana 3" (Pipi
- kukkukker ...). They are listen in decreasing order of magni-
tude, from left to right, and the statistical significance, if
10% or better, is indicated in parentheses.

NRP %35 3
JR 1 >2 5> 3: 1>2 (10%); 2>3 (10%); 1>3 (1%)
BH 2 s - |
NT > 37 25 152 {10%)

ou—'u
NRP 2 g )
JR 13 22533 1>2 (5%); 24>3. (5%)
BH 332 5%
NT : A0

Ii_lu
NRP Fox 3%} 3>1 (10%)
JR % 9w 1 3>2 (10%); 3>1 (10%)
BH 1 =3 > 2
NT 35 8T

U'IU

l-'u
NRP 12353 .93
JR W 1>3 (5%);:2>3 (10%)
BH o g N e
NT }. %30
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We may regard the sentence numbers as ranks (and reverse them for
the inter-stress interval, 'i-'u) and calculate the Kendall coeffi-
cient of concordance (W) between the "rankings" of NRP, BH, and NT
across the four parameters: W = 0.007, i.e. the concordance is
nil

The statistical analysis confirmed the initial observation,
that the location of word boundaries is not reflected in the Fo
patterns of the ASC speaking subjects, but they are very manifest
with JR. JR was brought up on Funen but the word boundary/Fo rela-
tions found with him are hardly a Funish influence, because this is
not otherwise perceptible, but they may be a characteristic of the
conservative variant of Standard Danish. - To resolve this issue
would take a separate investigation. (On the other hand, if dif-
ferent varieties of Danish turn out to be fundamentally different
with respect to a relation between word boundaries and Fo patterns,
then this difference may be confined to neutral speech: When em-
phasis for contrast occurs on a word in the utterance, JR seems to
delete the word boundaries in much the same fashion as do ASC

speakers, cf. Thorsen, forthcoming.)

B, 2. “Puration

Differences in timing may of course exist independently of the
lack of differences in fundamental freqdency (co-exist in JR's |
case). In table 4 the durational differences tabulated in table 1
are compared across the three stress group types. Hypotheses a-
bout these differences might run as follows: (l): The inter-stress

interval ('i-'u) should be longer in Pipi ku kukke ... where

two word boundaries intervene, than in the other two types.

(2): The distance from stressed to post-tonic ('i—ou) should be
smaller in Pipiku kukker ... where no word boundary intervenes,
than in the other two types. (3): The distance from post-tonic

to the succeeding stressed vowel (_u-'u) should be smaller in

Pipi kukkukker ... where no boundary intervenes,than in the oth-

er two types.
Ad (1): NRP is the only one who has a longer inter-stress dis-

tance in Pipi ku kukke ..., Dbut with him this distance is also
significantly longer in Pipi kukkukker ... than in Pipiku kuk-
ker ... for which it is hard to find an explanation. Ad (2):

Three subjects have a shorter distance to the post-tonic in

Pipiku kukker ..., but only significantly so with JR; with NT
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Table 4

A comparison across stress group types of the durational differ-
ences tabulated in table 1. The stress group types are designated
"1" (Pipiku kukker ...), "2" (Pipi ku kukke ...), and "3" (Pipi
kukkukker ...). They are listed in decreasing order of magnitude,
from left to right, and the statistical significance, if 10% or
better, is indicated in parentheses.

NRP 2. >3tk
JR 32> Fos e S835] - (2,5%)
BH i IR0 ios- 30 |
NT Beai2->.38 153 (10%)
0u—'u
NRP 2 S5HBE SuY
JR ... el 132 5(5%) 5. A530 (255%)
BH 175 > Jr 132 (5%) 5 . 153 2-5%)
NT 25> = 3
II—'u
NRP 2> Solg 0 2081 (D). “251s4(0558) 153> 15 5%:)
JR 1-> 53
BH s By = 3
NT 1> B3l 1235 (0%
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the order is reversed and, further, this distance is significantly

longer in in Pipiku kukker ... than in Pipi kukkukker ...,

which seems counter-intuitive. Ad (3): BH and JR have signifi-
cantly shorter distances from post-tonic to the succeeding stressed
vowel in Pipi kukkukker ... but it is also significantly shorter
in Pipi ku kukke ... than in Pipiku kukker ..., for which it
is hard to find an explanation. NRP and NT differ from this pat-

tern.

On the whole, the durational differences cannot be said to re-
flect word boundary location in any succinct way, except maybe with
JR who has a shorter distance from stressed to post-tonic in

Pipiku kukker ... and a shorter distance from post-tonic to the

succeeding stressed vowel in Pipi kukkukker ... .

4. _Conclusion

The results of the present experiment confirm the results of
the 1978 analysis, that in Advanced Standard Copenhagen Danish
word boundaries leave no trace in the course of fundamental fre-
quency in the stress group - but they also suggest that this
may not be generalizable to all varieties of Danish. If this sug-
gestion is corroborated by further analyses, then the‘definition
of the stress group, as it applies to ASC Danish, namely 'a stressed
syllable plus all succeeding unstressed syllables, irrespective of
intervening word boundaries' may not be entirely adequate, because
it cannot be said to be the unit which governs the predictable,
recurrent, and in certain respects invariant, Fo patterns (as is
the case in ASC). (But then again, there may be other reasons to
stick with the stress group: Peter Holtse (personal communication)
has performed an analysis on the variation of vowel duration, with
speakers from various dialects,and found that this variation seems
to be determined by the stress group - in the ASC-sense.)

The investigation was intended as a pildt study. However, I
think that the results are clear enough for the ASC speakers to be
conclusive - but they may serve as a basis for further analyses
of other kinds of Danish.
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