CONSTANCY AND VARIATION IN SWEDISH WORD AGCENT PATTERNS

Eva Garding and Per Lindblad

INTRODUCTION

0.1. Boals
The Scandinavian languages are famous for their word accents, In these
languages a stressed syllable is connected with one of two accents U SUm
ally called acute (Accent 1) and grave (Accent 2). Both accents occur

in polysyllabic words but monosyllables can only have the acute accent,
The great majority of the polysyllabic words have predictable accent.
The rules that assign the correct accent to a word are morphologically
and phonalogically determined and apply rather uniformly to all Scandi-
navian languages. The phonetic manifestations of the accents, however,
occur in a bewildering variety. In Norwegian and Swedish, esvery major
dialect or group of dialects uses characteristic pitch patterns for the
two accents and in Danish they are distinguished by the presence or
absence of stpd (a kind of glottal stop). This variation has intrigued
generations of scholars and made the word accents one of the favourite
themes of Scandinavian phonetics. Going through the literature of the
past decades we do indeed find a large number of papers and dissertations

that deal with the subject from various angles, for instance for Swedish:

Data collection and description, acoustic analysis: Fant (1954, 59),
Malmberg (1959), witting (1981, 68).

Perceptual aspects: Malmberg (1955, 67), Hadding (1961), Jassem (1963),
Segerbick (1966), Johansson (1970).

Aspects of speech recognition: Svensson (1971), Lindblom and Svensson
(1973).

Physiological aspects: Ohman et al. (1967), Garding et al. (1970),

Lindagvist (1972),
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Timing and coordination of speech signals: Ohman (1965), Eriksson and
Alstermark (1972).
Models: Ohman (1967), Garding (1970).
Programs for synthesis: Liljencrants (1571).
Linguistic analysis: Malmberg (1962), Elert (1964, 70, 71), Ohman (1966),

Teleman (1969, 70), Lindau (1970), Linell (1972).

But in spite of all this activity it is not exaggerated to say that we
lack a representative post-spectrograph collection of data that shows us
how the tone accents behave in different kinds of speech in different
parts of the country.

The primary goal of our project (From which this is the first report]
is to supply a set of registrations of accents produced in systematically
varied contexts by systematically chosen speakers.

There are a large number of guestions that we want to ask this mate-—
rial. For instance:

1. Is it possible to set up reasonable rules by which we can generate
all the observed contours for a given speaker?

>, Can we make these rules general enough to fit all the speakers of a
given dialect?

And the most ambitious guestion:

3. Given a set of rules for different dialects, can we write the rules
in such a way that they fit the whole language area and bring out simi-
larities and dissimilarities satisfactorily?

The last question is treated in the third chapter, entitled Form by
Substance. This elliptic phrase also recalls what we regard as an essen-
tial theme in the works and teaching of Bertil Malmberg. We dedicate our

paper to him on the occasion of his sixtieth birthday.
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0.2. Outline

Chapter 1 contains the preliminaries to our work, ?Dr the benefit of the
reader who is not femiliar with the Scandinavian languages we have colle
ected some of the most important facts about the word accents in Sectiaon
T.1,

The manifestation rgles that the presentation of our new accent data
is leading up to will be given in terms of an analysis of Swedish accents
which developed from a critical study of Ohman's work on intonation
(Ohman 1967, Garding 1970). Ohman's original model and the revised model
will be summarized in 1,2. The choice of dialects and speakers was moti-

vated by a study of Meyer's Intonation im Schwedischen with its collection

of word accent data from the whole Scandinavian language area (1.3.). Our
selection of speech material will be presented in 1,4, Measurements anc
their acoustic and physiological background will be treated in 1.5,
Chapter 2, Accent manifestations, contains our new data, their descrip-
tion and interpretation in the Tollowing order:
2.1 Stockholm
2.2 Skane
2.3 Gotland
2.4 Vistergdtland
Chapter 3, Form by substance, will summarize similarities and dis-
similarities in the word accent data presented in Chapter 2. Tentative

general rules will be set up,

0.3. Prosodic analysis and terminology

Our prosodic transcription of Swedish words uses length for vowels, three
degrees of stress (primary, secondary and no stress) and the grave accent,
The grave accent can only occur in connection with primary stress. In

accordance with comman usage, primary stress, which has not the grave
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accent, will be called the acute accent. The following symbols are used:
/*/ for the acute accent (primary stress), /*/ for the grave accent.
Secondary stress is marked by a vertical accent mark on the line /,/.

The position of the accent symbols shows the onset of the stressed syl-
lable,

To obtain simple rdles that generate fundamental freguency contours for
utterances of varying segmental composition, we need the syllapble as a
reference unit, Hence the location of the syllable boundaries becomes
important. The syllabification used in the sequences of our material
agrees with earlier analyses (e.g. Garding 1967, Ch,1 and 1971). A stress-
ed syllable in non-final position has the structure ,..Vi— or ...V0-,

In certain cases, e.g. for Ské&ne acute, the morpheme may be a more
adeguate reference unit than the syllable (see 2.2),

Another reference unit which has been found useful in the rules for a
certain dialect (Vdstergttland) is the mora. According to our analysis a
stressed vowel counts two morae and an unstressed syllable oneg mora in
non-final position. For examples of our morphological analysis, transcrip-
tian, and syllabification, see Table 1.1.

We should like to emphasize that we regard our analysis as preliminary.
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Chapter 1

PRELIMINARIES

1.1, Some facts about the accents

The accents will be described in relation to other prosodic features,
morphological structure and Juncture, Some examples are presented in
Table 1.1.

A simple word has one stressed syllable., Length can only oecur with
stress, Compounds and derivatives may have two stressed syllables, here
analysed as primary and secandary. The grave accent is always combined
with primary stress. Other primary stresses are called acute accents, The
great majority of Swedish words are stressed on the first syllable. A con-
siderable number of polysyllabic words have stress on the second gyllable
and there are many tetrasyllabics with stress on the third, French loans
(of recent date) are stressed Finally.

The acute accent can occur in any syllable irrespective of the word
boundary, but the grave accent never occurs in the last and has a strong
predilection for the first., All monosyllabics carry the acute accent, An
overwhelming majority of initially stressed bisyllabics have the grave
accent,

Monosyllabic roots have the acute accent in accordance with the pthQF
logical- rule stated above, Bisyllabic roots with stress on the first Syll—
able may have either of the two accents, A great number of unstressed in-
flectional suffixes (e.g. plural suffixes for nouns, the past tense suffix
etc.) reguire the grave accent in the preceding root, Hence a root morpheme
with the acute accent as a free stressed form will have the grave accent
when combined with these suffixes. Examples are found under (4), Table 1.1,

A small number of unstressed inflexional suffixes do not change
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the accent of the root morpheme. A statistically very important group
here is the definite suffix for nouns (Examples under [3]). Campounds
and derivatives usually have the grave accent (Example [6]).

A knowledge of the morphological structure of the words makes it
possible to predict the distribution of the accents for a large part of
the vocabulary, (For a discussion of various solutions to these prablems
in the framework of generative grammar, see Linell 1972.) There are
about 350 so called minimal pairs but the morphological structure of
the members of a pair differs in most cases (Elert 1971).

A great deal of discussion has been devoted to the surface manifesta-
tions of the accents and their alleged dynamic or tonal character has
been a moot guestion in the phonetic disﬁussion and literature (e.g.
Gjerdman 1952, 54, Malmberg 1953, 55, 59);

The notation of the Dictionary of the Swedish Academy {(acute:
gndgn, grave: gnd%n) implies an interpretation of the different mani-
festations of the accents as a difference in stress distribution.

The accents are not marked by the orthography. Native speakers nor-
mally do not make any accent mistakes. As a rule interdialectal under-
standing is not hampered by a lack of the accent distinction in one of
the interlocutors (as may be the case when a Swede talks to & Swedish
speaking person from Finland). A dialectal difference in pitch pattern
is of course noticed but does not impede communication (see discussion
in Malmberg 1955 and 1962), Differences in pitch patterns are in fact
less striking to a native speaker than differences in distribution rules,
There are some categories of words that are assigned different accents
depending on the dialect.

Foreigners have great difficulty in mastering the accents. This holds
for pronunciation as well as rules. The grave accent is often mistaken

for a word stressed on a later syllable. The rendering of French oxytones
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(early loans) in Swedish as grave accents shows that there is more si-
milarity between these categories than between oxytones and the acute

accent. Example under (2),

1.2. Models

Ohman (1967) used a very suggestive and inspiring intonation model to
analyse and generate the pitch curves of various dialects in statement
intonation. The components of his model are stepfunctions, which repre-
sent the on- and offset of nerve signals. Generally speaking, the model
tramsforms these stepfunctions to pitch curves by a physically and phy-
siologically motivated smoothing procedure, There are two linguistic
elements in his treatment of Swedish, tone accents and sentence intona-
tion, Tone accents (acute and grave) are generated as negative pulses,
superimposed on a positive step which fepresents sentence intonation,

By timing the pulse in’various ways in relation to the step, Ohman ob-
tained the configurations that he needed to approximate tone accents in
different dialects., According to Ohman's model then, dialectal variatian
is the result of a difference in timing between the pulse and the step,
The acute accent of one dialect (e.q. Stockholm) may have the same time
order .between the pulse and the step as the grave accent in some other
dialecf (e.q. Skane). Ohmart tried to correlate the negative pulse to
some activity pattern in the vocalis and cricothyroid muscles with pitch
inhibiting effect. An EMG investigation with probes into these muscles
failed to support his hypothesis, however (maan ef al, 1967).

A revised model was suggested by Garding (1970). According to this
model the fundamental freguency of a Swedish- utterance is the combined
result of responses to sentence intonation, stress and one tone accent,
It has some support in an EMG investigation {Garding et al. 1970) which

showed that similar activities - pulses - were found in two pitch
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controlling muscles (m, vocalis and m, cricothyroideus) both in connec-
tion with falls and with rises, Whether a syllable has rising Drlfalling
pitch may depend Dﬁ how it is timed in relation to these pulses., In the
two speakers and the speech materiél.used for the EMG investigation, no
need was felt for a special pitch-inhibiting or pitch lowering mechanism
in connection with the téne accents, A fall could be explained as a
conseguence DF>a relaxation of muscles that had been activated earlisr.
All the pitch movements, then, could be regarded as the result of differ-
ently timed positive pulses. The revised model has also support in the
pitch curves collected by Meyer. From what cen be seen in his data (cf,
Fig. 1u1), a common feature oFlthe grave accented words in the great
majority of the didlects was that in the later parts of their contours
the grave words repeated the pitch movement of the acute Dﬁéé; This
repeated part was interpreted as a "delayed sentence intonation® (Gérding
1970 p. 42). A similar view had been advanced by Haugen (Haugen and Joos
1954) ,

The new data to be presented in Chapter 2 makes it possible to de-

velop this model a bit further,

1.3. Dialects

According to the analysis of the tone accent data made by Meyer (1937
and 1954), the so-called Svea dialects (Central Sweden) axhibit two
kinds of intonation, Svea intonation proper and the Mining district in-
tonétion (Bergslagen). Meyer uses slightly schematized pitch curves of
bisyllabic words with contrastive accents to show the difference between
these two dialectal types. In the Svea intonation, the acute accent has
a peak towards the end of the first syllable and the grave accent has a
peak in the second syllable which is preceded by a fall in the first

syllable, The accents of the Mining district have one peak each but
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the peak comes later in the grave words, In Part I, which deals with

the Svea dialects, Meyer also mentions in passing a third type of in-

tonation common to the GHta dialects (between Southern and Central

SWBden). By a systematic treatment of Swedish intonation and tone accent

variation Meyer made an essential contribution to Scandinavian dia—

lectology. Part IT which deals with the dialects of the north was edited

posthumously. It has no summary or analysis of the data, but concludes

with a collection of pitch curves representing all the different dia-

lects investigated by Meyer. Figure 1.1 which gives an idea of the pitch

variation connected with the Scandinavian accents uses Meyer's data

collected in Part II.

The criteria that were used by Meyer for a characterization of the

Svea and Mining district dialects can also be used for the rest of his

material. The following table shows a tentative tonal typology based

on Meyer's material of bisyllabics.

Table 1,2, Tentative tonal typology for accents in Swedish dialects
Accent 1 Accent 2 Region
Type O ane peak one peak

Type
Type

Type

Type
Type

Type

1
1A

1B

2A

2B

In the stressed
syllable

In the stressed
syllable

No distinctive difference

one peak

EFarly in the
stressed syllable

Late in the
stressed syllable

one peak

In the stressed
syllable

In the posttonic
syllable

one peak

Late in the
stressed syllable

Early in the post-
tonic syllable

two peaks

One in each
syllable

One in each
syllable

Isolated marginal
cases in the far North,
Finland

South (former
Danish provinces)

Gotland (in the
Baltic), Dalecarlia

Central Sweden
(svea dialects)

Between .Southern
and Central Sweden
(Gtta dialects)
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Type O is represented by the dialects that do not possess a tone
accent contrast: Swedish dialects in Finland, and dialects in the north
of Sweden,

Type 1A is represented by dialects in the South of Sweden ( numbers
90-92 in Fig. 1.1). Dialects in Dalecarlia (Central Sweden) and Gotland
are examples of Type %B (number 16~-29, 85).

Type 2A contains by far the most common patterns, Dialects in Halland
(87, 88), in East Smaland (79, 83), and Central Swedish dialects (1-9,
44~4B) belong to this type. The Gota dialects (Véstergﬁtland and Oster—
gBtland), Bohuslédn, Dalsland, and varmland are representatives of 2B
(63-77, 94, 95, 97, 98).

Figure 1.2 presents a tonal dialect map for Sweden which has been
made in collaboration with Benson, following principles developed at
the Dialect Archives at Lund University. (For other applications of
these principles, see Benson 1958 and 197Q). A symbol in the map refers
to our interpretation of Meyer's data. The accent typology has later
been extended to embrace all Scandinavia (Garding 1973),

The four tonal types of contrastive accents found in Meyer's material

motivated the choice of speakers for our investigation.

1A Skéne Speakers EG, PL
1B Gotland Speakers ALa, TS
2A  Stockholm Speakers G5, GO
2B Vastergbtland Speakers JA? ALD

For further information about our speakers see Appendix 1.

1,4, Material
The core of our materiel consists of Swedish words of one, two, three,
and four syllables with stress on the first. About one half of the words

carry the acute accent, the other half the grave accent. The words are
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listed in Appendix 2. In the list there are several minimal pairs of
varying phonetic shapes where the two members are contrasted by accent,
e.g. Polen ['po:lﬂn], palen [‘po:l&n], dnderna | ‘€ ndana], &ndorna
[“gndzna].% These pairs and the monosyllabic P&l [“posl] will receive
special attention. The fact that the members of the two pairs are spelled
differently turned DQt to be a great asset. Helped by the spelling the
speakers gave more consistent responses to these test items than to the
other ones. Part of our test words are compounds. They will not be treat-
ed in this report, There are a few nonsense words in our list. These
words could th be used with non-linguist speaskers and even with phone-
ticians they tended to create confusion. We also tried to make our speak-—
ers produce nonsense words of four syllables contrasted by accent but
with limited success.

The test words appear both isolated as utterances and embedded in a
carrier sentence in four different contexts, namely as neutral and empha-
tic statements and as neutral and emphatic guestions. Every word then
appears eight times in a regular test situation.

For statements the frame jag sdg — ddr (I saw - there) was used with

the test word in stressed position. To make the frame natural for questions,

the word order and the pronoun had to be changed: sag du — dir (did you

see — there)., The stress conditions were the same as for statements.

To secure the elicitation of intonation patterns that had about the
same attitudinal meaning for various speakers, a situational context was
described on the test sheet for each of the four prosodic series.

These descriptions were as follows:

Neutral statements: With frame: "Imagine that you are saying the follow-—

ing sentences as neutral pieces of information". Without frame: "The
sentences are meant to be answers to guestions like, Who is coming? What

did you see?"

% Tn the last word the pronunciation of the second vowel varies, (o], [ul, [2].
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Emphatic statements, For each sentence a contrasting clause was added

in brackets on the test sheet, for instance, Jag s&g P&l ddr (but not
Per).

Neutral guestions. With frame: "Ask the guestions with a moderate degree

of interest", Without frame: "You think you have heard the test word but
yau ask to be on the safe side",

Emphatic guestions. A contrasting clause was added as above. "Did you

see Pal there?" (not EE£)=

Up till now we have made recordings with eight subjects, each dia-
lectal area being represented by two speakers (Appendix 7). A record-
ing session was preceded by a short training period. The training lasted
until the speekers felt sccure and st ease and knew what prosodic pattern
they were going to use for a certain situation, It was often diffigult
to get emphatic responses, particularly from those speakers who were
not used to our laboratory. An additional complication is of course
that emphasis 1s a graded expression for a graded feeling. Thers seem
to be two prosocdic extremes for emphasis. Judged by the pitch curve, one
is just slightly different from the unemphatic contour. The other uses
low pitch for the frame and spreads the direction changing movements
of the contour over the emphasized word. The two extremes can perhaps

be transcribed and their fundamental frequency curves schematized as

follows,
Neutral Low emphasis High emphasis

2 3 A ’
gasozpo:ldézﬁ gaso:po:lda:; j§531 D%:llé&:%
Jjasospostldg:r Jjaso:po: ldé:r jaso:posldé:r

The vertical lines in the transcription of the highly emphatic sen-

tence indicate a slowing down of tempo in connection with the main stress
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[phrase juncture). Judged according to the given scale our speakers
have generally used low émphasis.

The recordings were made in the studio of the Phonetics Institute in
Lund. The eguibment is a Studer tape recorder (tape speed 7 1/2 inch/see.).

After a recording session the tape was checked for acceptancy by the
spezaker and the inves%igators. The following acoustic records have been
useds
Fundamental frequency curves, duplex oscillograms and intensity curves,
obtained by a Fonema phonetic analysis assembly and a Mingograph 34 T,
Wide and narrow band spectrograms obtained by a Sonagraph PV-10 (Voice-

print Laboratories).

1.5. Measurements

Tt is customary to look for the influence of prosodic factors on the
speech wave in the behaviour of the fundamental frequency (FD), and of
the intemsity, and in the duration and spectral character cf the acoustic
segments, The acoustic records of our material permit us to study the
effect on these parameters of systematic changes in stress, accent, and

sentence intonation,

Segmentation and duration of segment. The segmentation was made by means

of the spectrograms and duplex oscillograms. In addition to the usual
acoustic segments - approximately corresponding to phonemes - the voiced
segments were divided into subsegments if they contained local fundamen-
tal freguency maxima or minima. The durations of the acoustic segments

and subsegments are given in Appendix 3,

Fundamental freguency curves, A fundamental freguency curve (Eitch curve

for short) is described by the position of its local maxima (peaks) and

minima (valleys) in relation to the acoustic segments and to the frequency
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scale, Minor inflectighs in the curves that can be referred to articula-
tory movements - articulatory ripple - will not be regarded as peaks or
valleys,

Figure 1.3 shows examples of typical maxima and minima., The mainly
falling contours in 1.3.a has a peak in connection with the stressed
syllable and the mainly rising contour in 1.3.b has a valley in the cor-
responding syllable. Since we want our acoustic measurements to be phy-
siolﬁgically relevant, we are particularly interested in the timing of
the rises and falls that constitute these peaks and valleys,

We shall also consider the shape of the peaks and valleys. Some peaks
are more adeguately described as plateaus. See for instance Figure 1.3,
c and d,

A comparison of the peaks that occur in neutral and emphatic speech
shows that for some speakers a higher peak seems to be reached by means
of a faster movement, in other cases no change of rate is noticeable in
the curve, Instead the peak has heen pushed forward to a later ti&e in
the acoustic segment in which it occurs. Figure 1.3, e and T, shows two

examples of these phenomena, which will be discussed in a later report,

Articulatory ripple, Apart from the well known minor dips in FD caused
by voiced obstruents, we have also found local deviations in the curves
which may be connected with the diphthongisation of the vowel ED:] pECU=

liar to the Gotland dialect (Fig. 1.3, g and h).

Normalisation of the curves. For a comparison of different contours,

speakers and dialects, it is necessary that we can also express our
data in relative terms, For a given speaker then we need to know his
ordinary range of pitch, his high and low stc. To this purpose we used
the following method; For one speaker we plotted curves from the five

selected testwords under the four selected prosodic situations (20
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curves in all) on top of each Dther; We did this in two graphs first
with the beginning and then with the end of the utterances as a common
time reference. Figure 1.4 shows the result of this procedure,

We notice, most clearly in the curves that have been lined up accord-
ing to the beginning of phonation, that the pitch curves seem to start
from a common ppint or locus on the freguency scale, It is natural to
assume that this point represents the laryngeal state prevailing when
the vocal folds are in adducted position and the subglottal pressure
is built up in expectancy of the phonation to start,

In the curves that have béen plotted with the time reference at the
end of the utterances, we notice a similar phenomenon, Some of the
curves have rising pitch but we shall now only consider the Falling
ones, We notice that the falling curves are well assembled and converge
towards a Commbn point on the pitch scale. This point is interpreted
as representing the typical neutral laryngeal state at the end of an
utterance. This ending point is somewhat lower than the neutral start-
ing point, which may be explained by the lowered subglottal pressure,
caused by the diminished supply of pulmonary air at the end of the ut—
terance,

Combining these hypothetical beginning and ending points of the pitch
curves for one speaker by a straight line we get an axis that shows
the general downward drift of sentence intonation in a falling contour.
The shape of a contour can now be described as peaks (maxima) above and
valleys (minima) below this axis. We notice that the peaks seem to fa-
vour two high levels on the frequency scale in this kind of speech,
(Compare the measurements in Appendix 3.)% These levels will be referred
to as mid and high. The level below the neutral axis at which many of
the curves turn upwards will be called low,

There is a great deal of discussion of the mechanisms behind these

* A similar method was used in a comparison of Swedish and English intonation
patterns (Garding 1960).
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lows at the present time (Lindgvist 1972, Harris 1970, and Sawashima
1970). Pitch lowering is much less well understood than pitch rising.
It has not been possible to correlate pitch lowering to the abtivity

of any particular intrinsic muscle. Disregarding ripple, pitch falls
may of course have several causes: A relaxation of tensor muscles that
have been activated earlier, a fall in the subglottal pressure, a down-—
ward movement of the larynx by means of the extrinsic muscles, (See
e.g. Sonninen 1968,) With the neutral axis drawn according to the method
presented in Figure 1.4, the fall hardly seems impressive enough to
call for a pitch lowering muscle. Anyway, we shall be particularly in-—

terested in the effect on lows or valleys in the pitch curves of differ-

ent degrees of stress and different accents.
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Chapter 2

ACCENT MANIFESTATIONS

Figures 2.1.1, 2.2.1, 2.3,1, 2.4.1 show the pitch curves that have been
traced from the mingograms of Fiveywords uttered by eight subjects in
four different prosodic situations (prosodies), namely as neutral and
emphatic statements and as neutral and emphatic guestions. Going from

top to bottom of a figure, the effect of a change in one of the prosodic
variables can be studlied in the fundamental frequency curve, Horizon-
tally the utterances vary in phonological structure, The utterances are
pal [“po:l], Polen [“po:len], palen [“po:lﬁn], dnderna [E,ndana], dndorna
[“gndanaJ. (For maorphological structure syllabhification and translation
see Table 1.1.)

The data will be treated in the following order:

2.1 Stockholm Speakers CS, CO
2.2 GSkéane Speakers EG, PL
2,3 Botland Speakers ALa, TS
2.4 Véstergdtland Speakers ALB, JA

Data from all our speakers have hbeen analysed in the same way but
we have chosen one speaker from each dialect as the prototype (the first
mentioned in the list above). The intradialectal differences will be
analysed more systematically later.

For esach speaker we shall give a general description of the pitch
curves that represent the four selected prosodies. After each prosocdy
we shall summarize our abservations by giving them the Fform of a set of
rules to a fictitious vocoder which is supposed to generate the pitch
curves under abservation, The rules are flow diagrams of the following
type:

l

4

2 Alcute)

N
2
v’
3

TR (tone rule, grave)
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The input to our rules is: Phrases cansisting of one to four syllables,
Needed informatiop: Acoustic segments, syllable boundaries, location of
terminal juncture, location of stressed syllable, accent (grave or not),
type of stress (emphasis or not), sentence intonation (question or ﬁot).

Rule 1 assigns the correct pitch curve to the last syllable, It gives
the terminal -pitch characteristics to the contour which at the same time
show the general direction of the sentence intonation. Rules 2 A and 2
TR give pitch to the étressed syllable and represent the fundamental
frequency response wanted for the two accents. Rule 3 is an automatic
join rule that completes the utterance., It fills in the pitch of the
part of the utterance that is between the stressed syllable and the
final one. Rule 3 mekes it possible to handle tri- and tetrasyllabic
utterances.,

It should be noted that a later rule cannot change the FD curve

assigned by an earlier,

3%

Qur analysis is still on the descriptive side and our generative rules
are descriptive and "output criented" rather than analytical. What we
do here and in the next chapter is preliminary work preparing for a
stricter analysis in terms of ﬁhe revised Ohman model where pitch is

generated by smoothing stepfunctions,

2.1 Speaker CS, Stockholm

Neutral statements

Figure 2.1.1 shows that all the five utterances with statement into-
nation end iﬁ a fall from mid to neutral pitch level. The fall starts

at the beginning of the vocalic segment of the last syllable and reaches
neutral at the end of the same segment,

All utterances except one end with hook-like local maxima of short
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duration. When the last consonant is 1 or n, it levels of a preceding
fall. These effects will be disregarded in the rules,

The timing of the fall is clearly determined by the end of the utter-
ance. In the bisyllabic words there is some evidence of a slight delay
(.40 msec) in the fall of the grave accented words as compared to the
acute ones, The fall rate is related to the duration of the vowel segment
in which it occurs. The shorter the vowel the faster the fall. The shape
of the pitch curve before the final fall is determined by accent and num-
her of syllables. Common to all the neutral statements is that mid level
is reached during the streésed syllable,

For the acute accent there is no change of level until the final

fall begins., The location of the peak in the stressed syllable of the
acute words depends on the number of syllables in the word. In the mono-
syllabic words the peak occurs earlier than in the polysyllabic ones,
This difference can be interpreted in the following way.

Let us suppose that the location of the acute peak is determined by
the command "late in the stressed syllable" and that the neutral state-
ment requires a final fall of a certain duration. In polysyllabics these
two requirements do not interfere with each other. Both can be fulfilled,
In a monosyllabic, however, the final fell requires an early peak and
there is a conflict. Speaker CS resolves this conflict by giving the
upper hand to the early peak command (i.e. the sentence intonation).

The acute statement contours can be generated by the following rules:
1. Give th; vocalic segment of the last syllable falling fundamental

freqguency from mid to neutral.

2. Reach mid level late in the stressed syllable (in Vin ,..V: — syll-
ables and in C in ...VC - syllables).
3, Reach the mid level of the last syllable by the shortest way possible,

If the rules are applied in this order, the monosyllabic utterances
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will get a final fall and the peak will get its right position compared

to the polysyllabic utterances.

For the grave accented words mid level is reached early in the stressed

vocalic segment, The curve falls immediately and reaches neutral level
at the end of the syllable (that is in V in .,.Vi- and in G in ...VC-).
From there it rises at once until it reaches the last vocalic segment
where the final fall begins. The rate of the rise depends on the number
of intervening syllables,

The grave statement contours can be generated by the following rules:
1. Give the vocalic segment of the last syllable falling fundamental

freguency from mid to neutral. (The rule is identical with Rule 1

for acute words, but we have tobremember a slight difference in the

timing of the peak that precedes the fall in the last syllable.)
2. Reach mid level in the stressed syllable as early as possible and

fall to neutral.

3, Reach the mid level of the last syllable by the shortest way possible.

A comparison of the rules that generate Speaker CS's neutral state-
ments shows that Rules 1 and 3 are identical.

The rules that generate acute and grave neutral statements can of
course also be wriﬁten in such a way that the common characteristics of
the contours are brought out more clearly,

The flow diagram that generates neutral statements for acute and
grave words can for instance look as follows:

1. Give the vocalic segment of the last syllable falling fundamental
freguency from mid to neutral,
2 A(cute). Reach mid level late in the 2 TR (tone rule). Reach mid level
stressed syllable, early in the stressed syllable
and fall to reach neutral at the

end of the syllable,

3. Join
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As usual the join rule means completing the pitch contour by inter-
polation going the shortest way.'

The rules, as they now stand, reflect avlinguistic analysis according
to which the intonation of an acute accented word as an isolated utter—
ance represents the combined fundamental freguency response to stress

and sentence intonation. The effect of rule 2 TR (tone rule) can be re-

garded as a modification of the basic, acute cantour,

Emphatic statements

The emphatic statements of CS have practically the same pitch charac—
teristics as the neutral ones. Figure 2,1.2 shows the emphatic utter-
ances superimposed on the neutral ones. The only difference is that

the level reached in the peaks of plateaus is a little higher. It is
possible that the difference between the neutral and emphatic statements

produced by this speaker is not great enough to be functionally valid,

Neutral guestions

Figure 2.1,2 shows the neutral guestions of Speaker CS superimposed on
the statements, We notice that the last peak or the plateau in each utter-
ance carries the mark of the guestion, that is a rise to high level and a
subsequent fall from there. This means that in the double-pesked curves,
it is the second pesk that is elevated. The rising rate is higher for the
higher peaks but the rate of fall is unchanged in all the utterances
except the monosyllabic one, There are practically no changes of duration
and no timiné differences.

Obviously the guestion rules are very similar to the statement rules:
The tone rule remains unchanged,

In the rest of the rules mid (from the neutral statements) is ex-

changed for high:
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1. Give the vocalic segment of the last syllable falling fundamental
freguency from high to neutral,
2 A(cute). Reach high level late in 2 TR (unchanged). Reach mid level
the stressed syllable, early in the stressed syllable
and fall to reach neutral at the
end of the syllable,
3, dJdoin
The rules reflect what is obvious in the contours of Figure 2.0,
that in the grave words it is the last peak that is modified by the
question intonation and in the acute words it is the single pesk that is
similarly modified. The dpmain of the question intonation command 1s the
whaole word in the utterances consisting of acute words. In the utterances

consisting of grave words the domain starts at the beginning of the post-

tonic syllable and ends with the completion of the utterance.

Emphatic guestions

In Figure 2.1.2 the emphatic guestions have been superimposed on the
neutral ones. We notice that they have roughly the same contours., Some
differences are noticeable however. The monosyllabic emphatic question
is lengthened and there is a slight lengthening trend in the stressed
syllable of the other utterances as well. The last grave word 1s also
lengthened in the posttonic syllable, It is noteworthy that the segment
before the pitch peak (the pre-peak segment) is mainly responsible for
the increase of duration. The peak is delayed as it were by the higﬁer
degree of stfess. All the peaeks are somewhat raised, This raise is much
smaller than what we Find when we go from neutral statements to guestions,
The rate of the rise in the emphatic guestions varies a bit but the fall
rate remains the same, as was also the case in the sarlier discussed

prosodies,
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Pending further investigafion of changes in fundamental freguency
brought on by emphasis we shall give the following tentative rules,
1. Length adjustment rules in the stressed syllable, and possibly also

in the posttonic syllables of grave words,
2. Generative rules for neutral questions,

Rules 2 will Dperéte on acoustic segments which have been lengthened
in a way which cannot yet be specified.

If the duration of muscular activation and relexation is lengthened
without any other concomitant change of the activation pattern, the re-

sult should be constant rates, higher peaks and deeper falls,

2.2 Speaker EG, Skéne

Neutral statements

Figure 2.é,1 shows that all the five utterances with statement intonation
have a falling fundamental frequency from mid level to law.

The timing of the fall is related to accent. The fall starts early in
the stressed syllable for the acute accent and late in the same syllable
for the grave cne. In the acute aécented words the fall includes thes con-
sonant following the stressed vowel, After the fall the curve remains at
a low level., (The utterance finallocal maximum‘of small elevation and
duration will be disregarded in the rules For this speaker as for Speaker
G5, 2.1.) The fact that the consonant 1s included in the fall suggests
that the pitch movement may be tied to the stressed morpheme rather than
the stresséd syllable, The word Polen should then be analysed as the de-
finite form of Egl.'(The definite form is not uncommon in geographical
names, ) More information is needed to clarify this point.

In the grave words the end of the fall occurs in the last syllable.,

Because of the different location of the pegks in the acute and grave
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accented words, the beginning of the contour is also different, With the
early peak in acute there is hardly time for any rise to develop, but
with the late peak (grave) the beginning rising part of the contours be-
comes predominant,
Rules that genera?e EG's neutral statements:
1, Give low level to the latter part of the last vocalic segment.
2 A(cute). Reach mid level garly in 2 TR. Reach mid level late in
the stressed syllable and fall to the stressed syllable,
reach low at the end of the last
posttonic consonant,

3. Join

Emphatic statements

The emphaﬁic statements have contours similar to the neutral ones (Fig.
2.2.2). Emphasis lengthens the utterances however, and as in our earlier
emphatic material, it is the stressed syllable that is lengthened most.,
The peaks are higher and in the first three utterances they are reached
later in relation to the articulatory events. Also the duration of the
post=peak part of the vowel increases.

A fundamental frequency contour representing a given sentence intona-
tion can be likened to a rubber band with a certain elasticity. Under
pmphasis the contour can he stretched in various ways and to a certain
extent without losing its identity. We are interested in knowing the
1imits to this stretching.

For the acute accented statements the most yielding part is the
stressed syllable. Here the curve can be stretched both horizontally
and vertically. When the posttonic vowel begins, the curve has always
reached low. For‘the grave accent, however, also the posttonic Syllable(s)

have a certain elasticity. The low 1evel is not reached until the last

syllable.
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We can summarize the rules that will generate the emphatic contours
for Speaker EG in the following way:
1. Length adjustment rules,
2. Generative rules for neutral statements, possibly with nid

exchanged for high.

Neutral guestions

The guestions have a falling-rising fundamental frequency contour, For
the polysyllabic utterances the rise starts at the beginning of the last
vocalic segment, The preceding fall comes from a late peak in a grave
accented syllable, In the acute words the fall starts immediately from a
neutral level,

The following rules will generate the neutral guestions;
1. Give rising fundamental frequency from low to mid to the last

syllable starting in the vocalic segment,

2 Alcute). Fall to low in the 2 TR. Rise to reach mid at the
stressed syllable, end of the stressed syllable,
3. Join,

Emphatic guestions

Apart from the usual lengthenings which again favour the stressed vowel,
the acute curves have become double—peaked due to the addition of an
extra peak early in the stressed syllable., The difference between the
acute and grave utterances is in the timing of the Fifét peak in rela—
tion to the acoustic segments, In the grave accent - as usual — the peak
comes late in the stressed syllable as compared to an early peak in the
acute words, This timing rule is undisturbed by emphasis,

Rules:
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1. Give rising fundamental freguency from low to high to the last

syllable starting in the vocalic segment,

2 Alcute). Rise to reach high at 2 TR, Rise to reach high at the
the beginning and fall to reach end of the stressed syllable,
low at the end of the posttonic
consonant,

3. Join.,

2.3 Speaker ALa, Gotland

Neutral statements

The statements are characterized by a mainly falling fundamental fre-
guency contour (Fig, 2.3.1). The latter part of the last acoustic segment
of the utterances has a small rise from low to neutral level., The timing
of the main fall is cependent on the accent. For acute words the fall
starts in the stressed syllable. For the grave words the fall starts at
the beginning of the posttonic syllable, The shape of the curve before
the fall is of course also dependent.on the accent, The acute polysyllabic
words with the esarlier peaks are Characterized by a slow, smooth rise.
In the grave words with the later peaks the rise is preceded by a small
dip which gives the curve the shape of an S leaning forwards, The small
difference in the shape of the curve in the first syllable of acute and
grave words, S [grave) versus no S (acute) may be the result of a differ-
ence in timing between the rising commands for the two accents. For grave
the command comes later and the dip preceding the rise may be a conse-—
guence of a decreased pressure drop across the glottis when phonation
starts.

In the monosyllabic utterance the duration of the terminal fall domi-~

nates the contour. With the given schema it seems inconvenient to Formu—
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late rules that include both monosyllabic and paolysyllabic statements,
The following rules generate AlLa's neutral polysyllabic statements:
1. Give rising fundamental frequency tc the latter part of the last
syllable from low to neutral.
2 A(cute). Rise to reach mid at the 2 TR, Stay level one mora and
end of the stressed syllable, rise to reach mid at the be-
ginmning of the posttonic
syllable,

3, Join,

Emphatic statements

The emphatic statements have contours that are very similar to the un-
emphatic anes, as can be seen in Figure 2.3.2, All the emphatic statements
are lengthened and this lengthening seems to affect the stressed vowel
mostly, in particular the Pre-peak portion of the curve., The timing of
the rises and falls in relation to the acoustic segments is the same but
the peaeks are at a higher level. The rate of rise is higher but the falls
have similar slopes except in the monosyllabic utterances, Here emphasis
produces a faster fall.
Rules:
0. Preparation Rule, Adjust the durations of certain segments.
1. Give rising fundamental frequency to the last voiced segment from
low to neutral.
2 Alcute). Rise to reach high at the 2 TR, Stay‘level one mora and
end of the stressed syllable. rise to reach high at the bhe-
ginning of the posttonic syl—
lable.

3. Join.
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Neutral guestions

The guestions end in rising Fundamenfal freguency from low to mid level,
The rise starts towards the middle of the vocalic segment of the last |
syllable,
Rules:
1. Give rising Fundaﬁéntal freguency from low to mid to the last syllable
starting in the middle of the vocalic segment,
2 Alcute). Rise to reach high at the 2 TR. Stay level one mora and
end of the stressed syllable, rise to reach high at the he-
ginning of the posttonic Syl
lable.

3. Join.

Emphatic questions

The emphatic gquestions are lengthened and the stressed vowel has the
largest part of this lengthening., The timing of the rises and Talls in
relation to the acoustic segments remains roughly the same, The peaks are
a little higher and the rate of rise and fall is similar.

Rules:
0. Length adjustment rules,

1. Rules for neutral guestions,

2.4 Speaker ALB, Vdstergitland

Neutral statements

The last vowel of the neutral statements has rising fundamental Frequency
(Fig. 2.4.1). The rise starts at the beginning of the vocalio segment of
the posttonic syllable. In the utterances in which the last syllable ends
in a consonant [l, n}, this coﬁsomant has Falling pi%ch. In the polysyl-

labic acute accented words, the terminal rise is preceded by a fall
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starting from neutral level at the beginning of the stressed vocalic

segment, This fall reaches low early and stays there till the rise be-

gins in the posttonic syllable. In the grave accentad words, the curve

falls from a mid pesk placed in the beginning of the vocalia segment to

reach low at the beginning of the posttonic syllable, The regular schema

does not fit the monosyllabics, The rules that will be proposed in the

next chapter fit this dialect better,

Rules that generate ALH's polysyllabip neutral statements:
1. Give rising fundamental freguency (neutral to mid) from the posttonic
syllable to the end of the lastvocalic segment.
2 Alcute). Fall to reach low towards 2 TR. Rise fo reach mid level
the end of the stressed syllable, at the beginning of the

stressed syllable and fall
to reach low at the end of
the same syllable,

3. Join.

Emphatic statements

The emphatic statements end in a rising-falling contour. The rise starts
in the middle of the stressed syllable for the acute words and at the be-
ginning of the posttonic syllable for the grave ones. Since the rate of
rise is similar for both accents, there will be alsp a difference in the
timing of the fall in relation to the acoustic segments. For the grave
accent the fall starts later, more specifically near.the end of the last‘
vocalic segment, but for the acute accent the fall begins in the post-
tonic syllable. We notice also that the valleys and peaks occur relati-
vely later in the longer words as compared to the shorter ones.,

For the rules generating all of our earlier curves (except the mono-

syllabic Gotland statements) it has been possible to use the same schema
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independently of dialect, prosodic contour and accent. Rule 1 took care
of the terminal pitch movement and gave the general direction of the
sentence intonation, Rules 2 generated the variations in the stressed
syllable due to accent, and Rule 3 joined the beginning with the end in
a manner which was automatic and independent of the number of interve—
ning syllables, The reason why the rules could be set up in this way
was of course that the intonation of the grave accented words "caught
up" with the intonation of the acute ones towards the end of the utter-
ances and had the same terminal characteristics.

It is clear that our earlier schema does not fit Speaker ALS's em—
phatic statements, for the simple reason that the grave accent does not
Just modify the basic contours in the middle but it causes a delay of
the pitch movements that remains constant all through the utterances.
This delay can be estimated to be one mora,

The rules ought to reflect this situation, for instance:

1 A(cute). Fall to reach low 1 TR. Reach mid level in the
in the middle of the stressed stressed syllable as early as
syllable. possible and fall to reach low

at the end of the syllable,
2., Rise to reach high one mora later.

3, Fall from there,

Neutral guestions

The neutral guestions loock as if they had been pronounced with two
different intonation contours. The first three utterances end in a
rising falling contour and the posttonic part of the trisyllabics, is
mainly rising., We notice thatvthe tfall of the contour in the bisyllab-
ic utterances occcurs in the terminal [n]. For the time being we attri-

bute this fall to the Final consonant. The rise starts at the end of
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the stressed syllable in the polysyllabic acute words and at the be-
ginning of the posttonic syllable in the grave ones, (The rise seems to
creep onward a little in the longer words towards the end of the utter-
ance, )

Rules generating AL#'s polysyllabic neutral questions up to the last
consonants
1, Give rising fundemental frequency ~from low to high starting at the
beginning of the posttonic syllable.
2 A(cute). Fall to reach low towards the 2 TR. Rise to reach high level

end of the stressed syllable. at the heginning of the stressed
syllable and fall to reach low

at the end of the same syllable,

3. Join,

Emphatic guestions

The emphatic questions are lengthened as compared to the neutral ones,

but they have similar contours. The lengthening affects the stressed syl-

lable in the acute words and both syllables in the bisyllabic grave words,

Tn most cases the rate of rises and falls does not change with emphasis,
Rules:

0., Preparation Rules.

1, Bules for neutral guestions.
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Chapter 3

FORM BY SUBSTANCE

In this chapter we shall summarize our earlier observatiaons and try to
make them subject to generative rules whose structure is the same for

all the dialects.

In our pursuit of constancy we have tried various basic units in the
contours, terminal parts, posttonic Earts and the entire acute Contour. A
discussion of these units will follow below, As will be shown, it is the
entire acute contour that is best adapted to general rules,

It should perhaps be stressed that our general rules - as they appear
here - are not meant to be orders to a vocoder like our earlier rules
for individual speakers but are of a more gualitative nature,

Intensity and duration will receive full attention in a following
report which will also have a more detailed treatment of the monosyl-

labics,

3.1, Terminals
A common feature in all the dialects is that fundamental freguency curves
derived from utterances with the same sentence intonation (expressing
statements or questions) are similar in their final parts, independently
of the accent and the number of syllables carried by the utterances,
These similar parts - terminals - will be regarded as part of the funda-
mental freguency response to the sentence intonation command, Figure
3.1 in which the grave accented words have been superimposed on the grave
ones bring out this final similarity. The terminals can be described as
follows:

Neutral statements . Neutral guestions
Stockholm : Fall from mid | Fall from high

Skéane Fall from mid Rise to mid
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Gotland Fall from mid Fall from high

Vistergttland Aise to mid Rise to high

We notice (Fig; 3.1) that apart from differences in the direction
of the fundamental frequency in the dialects there are also differences
in the timing of the terminals in relation to the acoustic segments and
syllables, The diFFergnt timing is dependent on accent, sentence intonation
and dialects.

The following table brings out these differences. (Dnly the

polysyllabic neutral statements and guestions have served as examples.)

Table showing the beginning of the final common part of the DltGh curve
for acute and grave words in relation to syllable

Acute Grave
Dialect Statements Guestions Statements GQuestions
Stockholm early last early last early last early last
. early late
Skane stressed early last stressed early last
1 1 t— -
Gotland ] ate late ear'y pos ear}y post
stressed stressed tonic tonic
Vister- early post— early post-— garly post— early post-
gtitland tonic tonic tonic tonic

The table shows that there is a great deal of dialectal variation in
the timing of the terminals, In Skane and Gotland the terminal of the
grave is delayed as compared to the acute but in Stockholm and Vdster-
gbtland they are independent of accent. It is clear that the terminals
do not constitutea tonal unit that is very useful for dislect independ-

ent general rules,

3,2, Sentence intonation and acute

Tn the utterances consisting of neutrally stressed acute words, the shape
of the fundamental frequency curve in the stressed syllable is dependent
on the sentence intonation in the following way: Preceding a falling or

a raised level-falling sentence intonation, the acute accent will have

rising pitch, before a rising sentence intonation it will have falling
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(Dr low) pitch, Inm the material studied here these relations are general
and independent of dialects and prosodies, (A Véstergbtland statement

[rising sentence intonation] with the acute accent looks very similar

to a Skane guestion with the samé accent [rising sentence intonation]).
This means that the acute accent turns up in different fundamental fre-
quency shapes in one and the same dialect depending on the general direc-
tion of the Fundamentél frequency imposed by the sentence intonation,
Since the situation seems to be similar in other languages, analysed as
having no word accent but only stress and intonation, and since we want
our analysis of Swedish to fit a general intonation model, we shall re-
gard the acute accent as stress and its pitch manifestation as dependent
on sentence intonation. This is a common point of view (see Elert 1970,

p. 46, and literature quoted there).

3,3, Basic intonation unit = acute + sentence intonation

A sentence cannot be uttered without having both stress and intonation,

We shall now regard these components as one unit, called the basic into-

nation unit of the sentence, As we shall see later, it will be needed

for our analysis of the grave accent and useful for our general rules,
Tn terms of rises and falls the basic intonation unit of the poly-

syllabics of our four speakers can be described as follows:

Statements Questions
Stockholm rise mid-Ffall rise high-fall
Skane rise mid-fall fall-rise mid
Gotland rise mid-fall(rise) rise high-fall(rise)
Vistergdtland fall-rise(fall) fall-rise high(fall)

(Pitch movements within brackets may be irrelevant. )

The table shows that only the Vdstergtland speaker uses rising into-
nation in statements. This is @& Famous characteristic of all Swedish
dialects belonging to the Gdtamal énd alspo of East Norwegisn dialects,
(Tonal type 2B, Table 1.2 and Figs 1.1 and 1.2.) The Skéne speaker alone

marks her questions by reversing the intonation pattern of the statements.




84

In this way the South Swedish speaker behaves similarly tQ SPSEKQT§ af
other Germanic languages such as Danish, German and English. The others
choose to rise to and fall from a higher level. This way of intoning
guestions is similar to question intonation pattérns in some Slavic
languages and Hungarian, to give just a few examples, We shall also
recall that Skéne statements are different from those in Stockholm and
Gotland in the timing of the fall, which is early in the stressed syl-

lable as caompared to late for the others.

3.4, Grave acecent = precontour + basic unit

Figure 3.1 with the superimposed accents derived from our four dialectal
prototypes shows, what has been mentioned in connection with the analysis
of Meyer's data (1.2), namely that the pitch movements in the acute
curves recur in the grave ones. The grave curves can be described as
having an extra happening or feature in the beginning of the stressed
syllable, which delays and to a certain extent shrinks or modifies the
basic, acute curve., All the grave accented words, independently of dialect,
are characterized by a rise somewhere in the stressed syllable. As we
shall see later, the absolute timing of this rise and its Further de—
velopment depends on the timing and the general direction of the basic
intonation.

We shall now try to find some common basic principle for how acute

accents are turned into grave ones,

In the following table (Table 3.1) we shall present some pertinent
data collected from Figure 3.1.

The table shows that the shape of the grave curves can be ohtained
by adding a pitch movement (grave precontour) to the basic unit (aoute
accent). This pitch movement is for Stockholm and V8stergttland a peak
(rise-fall or Fall), for Skéne a fise, and for Gotland a low. We

notice that the duration of the precontour and hence the delay
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of the basic unit is 2 morae (one stressed syllable) for Stockholm, For
V8stergbtland and Skéne it is approximately one mora (DT 1855) and for
Gotland half a mora,

There is then an interesting constancy in our dialectal variety, The
grave accent is made up of a precontour and the acute contour,

Since acute and grave words are appraximately egually long, the acute
contour has to shrink in accordance with the time unit given for the de-

lay in the table above.

3.5. General rules

We shall now cast the preceding discussion in the form of a set of general
rules., These rules will generate fundamental freguency curves for state—
ments and guestions in the four dialects we have chosen as representa-
tives of the whole language area. The new rules reflect our analysis of
the acute accent as being part of the basic intonation unit and the grave
accent as precontour plus delayed basic unit. They will not have the pre-
cision of our previous rules for individual speakers, but they will
reflect what we regard as essential dialect indépendent principles in
Swedish intonation. The input to our rules consists as usual of phrases
of one to four syllables including information of acoustic segments, syl-
lable boundaries, prosody, and dialect.

Grave words are marked [+tone] and first pass through a special tone
rule which gives them the precontour required by the dialect (TaEle 3.1).
Figure 3.2 shows a block diagram of the process..Forﬁally:

[+tone} Add precontour according to dialect,

Phrases marked [—tone] bypass this rule, All the phrases are then
taken care of by the basic rules which are essentially the same as Rules
1, 2 A, and 3, used earlier to generate the contours;of our individual

speakers, Only 2 A needs some modification since it was expressed in terms
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suitable for a stressed syllable only. The new modified rules will look

as follows:

B(asic) 1. Apply Rule 1 according to dialect and prosady,

B 2, Apply pitch movement prescribed in 2 A according to dialect
and prosody immediately after the precontour,

B 3. Join,

When there is no precontour (as for the acute words), B 2 is of course
identical with 2 A, One of the effects of the precontour is to delay the
basic intonation unit. The time of the delay is determined by the duration
of the precontour. Rule B 3 automatically takes care of the needed shrink-

ing.

3.6. Comparison of the rules for the grave accent

Our former rules (Rules 2 TR) prescribed pitch movements for the

stressed syllable of the grave accented words, According to our modified
rules, the pitch of the stressed grave syllable is split into a precon—
tour and a remainder which is spliced together with a time compressed
basic intonation unit. The new rules reflect the interdependence of the
acute and grave accents, which 1is common to all the investigated dialects,
On the other hand the splitting and splicing and the evaluation of the de-
lay in morae is perhaps rather subjective. We shall come back to a motiva-
tion of this process in a later publication that will treat the prosody of

compounds,

3.7, GBrave, a petrified "double stresg" pitch contour?

Figure 3.1 shows that the stressed syllable connected with the grave
accent is very stable in its pitch configuration, It is always manifested
by pitch raised to a level abaove neutral and its general shape is practi-

cally undisturbed by the Sentence'intonation. Taken at its face value, it
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seems to deserve the status of an autonomous tone accent, But Table 3.1
shows that there is an interdependence between the shape Df the precon-
four and the shape of the basic contour which recalls the dependence of
the acute accent‘on sentence intonation., If the shape of the basic con-
tour starts with a rise, the precontour will end in a fall and vice
versa. In other words, knowing the éhape of the early part of the basic
unit we can predict the pitch movement of the grave accent.

Has this relation any significance? One explanation or interpretation
of this stable rélation between the grave precontour and the beginning
of the basic unit is that these two tonal movements are reflexes of what
was once the fundamental freguency respoﬁse to two connected stressed
syllables of which the first one had a pitch movement subordinated to
that of the second which in its latter part was exposed to modifications
imposed by sentence intonation,

There is historical justification for regarding the grave accent as a
development of an earlier "double stress” pitch contour, The grave accent
appears in words in which a posttonic syllable can be associated with
length or stress in an earlier period of the language. Later, stress and
length were lost but the pitch movements combined with the stresses
were retained, We are well aware that we are not presenting a new hypo-
fhesis about the development of the grave accent. Similar views were
expressed for instance by Ekblom (1929—31) and Kury*owicz (1936). What is
perhaps interesting 1s that we arrived at this hypothesis by an analysis
of a piece of "substance", in this case the fundamental frequency curves

derived from present day speakers of present day dialects.

3.8, Modified general rules

We shall leave the historical épeculations and return to the fact that
the grave precontour is practically predictable from the early part of

the basic contour. This may of course be reflected by the rules. One
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possible way of achieving this is to let the grave words pass through a
delay rule which leaves a blank in the pitch curve for a time unit deter-
mined by the dialect. Later, passing through the join rule (3), -expanded
to embrace all blanks and not just the empty space between the stressed
syllable and the end, the grave missing precontour will be filled in
automatically from a neutral beginning. Figure 3.3 illustrates this process,

For the grave accent we may posit underlying forms with two stresses
(of which one may be secondary) and regard the grave tone accent as a
surface manifestation of double stressed forms., We shall come back to
this solution in connection with our analysis of the compounds.,

Tt may be claimed that the underlying double stressed Fﬁrms that are
posited for words with the grave accent have some reality for present
day speskers,

Tn emphatic speech there is for all the dialects a larger increase
of intensity and duration in the second syllable of the grave words as
compared to the comparable syllable of the acute ones., If we assume that
the grave has a second, latent stress? it looks as if the emphatic pommand
were, "add energy to all stressable syllables', and that as a consequence
of this command the latent stress comes to the fore. In Skane grave the
second syllable may under emphasis even get a peak in the fundamental
frequency curve, (Fig. 2.2.2 first row, Item N:o 5, )

Deprived nof phonation, as for instance in whisper, a speaker will also
resort to his latent double stressed patterns, if he feels forced to

bring out the acute-grave contrast (Jensen 1958, Hadding—Koch

1961, Segerbick 1966]).

3,9, Emphasis and fundamental freguency
The fundamental freguency respbnse_to emphasis is clearly dependent on

the shape of the curve in the correspondihg neutrally stressed syllable,
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We have made the following observations:

If the corresponding neutrally stressed syllable has a pitch peak,
this peak will be pushed to a later position in the syllable and upward
on the freguency scale to a higher level, If the corresponding neutrally
stressed syllable has a low after an early peak (Stockholm grave) this
low will also be pushed forward and downwards to a lower level on the
freguency scale. If there is no peak in the stressed syllable (as in
contours with mainly rising sentence intonation, e.g. Véstergﬁtland)
emphasis will cause a pitch peak to develop at the beginning of the

stressed syllable,

3.10. Duration and intensity

Duration and intensity will be treated in more detail in a later report,
Here we shall just sum up a few observations that have been made earlier
in passing. Grave words are longer than acute ones for our Stockholm and
Véstergbtland speakers. It should be noticed that in these dialects the
lengthened grave is correlated to a more complicated pitch movement than
the grave accent of the other dialects., Emphasis has a lengthening effect
not only on the stressed syllables but also on the later syllables of

the grave accented words,

Summarz

1. Swedish has two accents distinguished by differences ih fundamental
frequency (pitch). The pitch curves derived From words with these accents
show a great variety of patterns depending on the dialect (E.A. Meyer
1937, 54). When these patterns are classified by the number and the loca-
tion of the pitch peaks, the dialects fall into four main types (Garding
1970). Our first object was to compiete_Meyer's material Ey new registra-

tions of accents, varying both dialect and prosody (intonation and stress
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pattern). Recordings were made with speakers representing the four tonal
types. The speech material consisted of mono-, bi-, tri- and tetrasyl-
labic words with contrastive accents in the polysyllabics. The words were
uttered as neutral and emphatic statements and as neutral and emphatic
guestions., The recordings were analysed by means of spectrograph, pitch
meter and intensity méter. The present report is mainly concerned with
pitch,

2, The pitch contours by which an individual speaker manifests his
accents under the Four selected prasodics are described by means of a
set of rules thought of as instructions to a fictitious vocoder, The
rules vary with the dialect and so far only apply to the words under
gbservation. It is clear, however, that they have more general validity,
Inputs to the rules are phrases of one to four syllables with primary
stress an the first syllable. The input utterance is syllabified and
carries the following information, stress (stress or not for each syl-
lable), type of stress (emphasis or not), accent (grave or not), intona-
tion (question or not), The rules are descriptive or "output oriented",
The first two rules make use of four relative pitch levels (low, neutral,
mid, high) and prescribe the pitch movement in the stressed and final
syllables. They specify where in the syllable the pitch turns (early,
mid, late) and the range of the movement (from mid to low, etc.). The
third rule completes the pitch curve of the utterance. For all the dia-
lects and prosodies the rules proceed in the following order:
(1) Pitch is assigned to the terminal part.
(2) Pitch is assigned to the stressed syllable (different rules for
different accents).
(3) Possible blanks between the stressed syllable and the terminal
part are filled in by interpolation.

The third rule makes the program applicable to phrases with any number

of unstressed syllables,
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3. There is a constant relation between pitch manifestations of the two
accents in all the dialects and prosddies. For a given prosody and dia-
lect the pitch curve of the acute accent recurs with some delay in the
grave one. The pitch of the stressed syllable of a grave word remains
practically unperturbed by the prosody. In view of these facts we regard
the acute accent as the basic intonation unit and the grave accent as
consisting of a precontour Followed by'a delayed and time compressed
basic intonation unit., The precontour is typical of the dialect but
largely independent of prosody., This relation is formalised in a set
of general rules, The first rule generates the precontour for the grave
accent. The following rules generate the basic intonation unit and take
care of the needed time compression (Fig. 3.2).

One possible linguistic interpretation of these relations is that
the grave accent is the "patrified" pitch remainder of what was once
the fundamental frequancy response to a stress pattern comnbining two
stressed syllables,
4, There is another constant relation in our contours which is dialect
independent, The actual shape of the precontour is largely dependent
on the shape of the basic unit, With a predominant fall in the basic
unit (falling sentence intonation) the precontours will be rising (Skéne,
Gotland). With a rising or rising falling basic unit (Stockholm, Vister-
gﬁtland) the precontour will be falling.

This constant dialect independent relation between :-the precontaurs
and the basic unit makes it possible to modify our general rules, In
the modified rules the input [+tone], i.e. the grave accent, generates
a dialect dependent delay of the basic unit (Fig. 3.3). The precontour
is then taken care of by a join rule with a nautral beginning,

The linguistic interpretatioﬁ of the relations summarized under (4)

is that the shaps of the precontour of the.grave accent is dependent on

the sentence intonation of the dialect.



95
References

Alstermark M., and Erikson Y. 1971. Swedish word accent as a function of

word length. STL-APSR 1. Stockholm

Benson S. 1958. Fonetisk och fonematisk kartlédggning. Studier i Nordisk
spréakvetenskap 12 (ed. Landsmalsarkivet ). Lund

Benson 5. 1970. Sidschwedischer Sprachatlas 1-4 (ed. Landsmalsarkivet),
Lund

Bruce G, 1973, Rules for tone accent in words with compound stress in
the Malmd dialect, Working Papers 7, Phonetics Laboratory, Lund

University

Ekblom R, 1929-31, Zur Entstehung und Entwicklung der Slavo-Baltischen
und Nordischen Akzentarten, Skr. Kungl. Hum, Vetensk,-Samf., Uppsala
26, No. 2

Flert G.-C. 1964, Phonologic studies of quantity in Swedish. Uppsala:
Almgvist & Wiksell

Elert C,-C. 1970, Ljud och ord i svenskan. Stockholm: Almgvist & Wiksell

Flert C.-C. 1971. Tonality in Swedish: Rules and a list of minimal
pairs, Dep. Phon., Umed University

Crikson Y. and Alstermark M, 1972, Fundamental freguency correlates
of the grave word accent in Swedish: The effect of vowel duration,

STL-QPSR 2-3, Stockholm

Fant G, 1954, Phonetic and phonemic basis for the transcription of
Swedish word material. Acta Oto-Laryngologica, suppl. 116.
Stockholm

Fant G, 1959, Acoustic analysis and synthesis of speech with applications
to Swedish, Ericsson Technics 1

Gjerdman 0., 1952, Accent 1 och accent 2, akut och gravis. Nysvenska
Studier 32

Gjerdman 0. 1954, Accent 1 och accent 2 akut och gravis. Nysvenska

Studier 32

Gérding E. 1960, J&mftrande studier i engelsk och svensk satsintonation,

Licentiate thesis., Phonetics Laboratory, Lund University

Garding E. 1967. Internal juncture in Swedish. Lund; Gleerup



96

Gé&rding E. 1970, Word tones and larynx muscles, Working Papers 3.

Phonetics Laboratory, Lund University

Garding E. 1971. Laryngeal boundary signals. Working Papers 4,

Phonetics Laboratory, Lund University

Gérding £, 1973. The Scandinavian word accents. Stencilled preliminary

edition. Phonetics Laboratory, Lund University

Géarding E., O, Fujimura and,H, Hirose. 1970. Laryngeal control of word
tones, Annual Bulletin No. 4, Research Institute of Logopedics and

Pnoniatrics, University of Tokyo

Hadding-Koch K, 1961, Acoustico-phonetic studies in the intonation of

Southern Swedish, Lund: Gleerup

Hadding-Koch K. 1962, Notes on the Swedish word tones. Proc, 4th Intl,
Congr. Phonetic Sci., Helsinki 1962, The Hague: Mouton

Harris K,5. 1970, Physiological amspects of articulatory behavior.
Haskins Laboratories SR 23, For Current Trends in Linguistics,

Vol, XII

Haugen E, and M., Joos. 1954, Tone and intonation in East Norwegian,

Acta Philologica Scandinavica 22

Jassem W, 1962, Pitch as a correlate of Swedish word accent, STL-GPSR

IV. Stockholm

Jassem W. 1963. An experiment in word accent perception with synthetic

speech, STL-APSR I, 10-12, Stockholm

Jensen M.K. 1958, Recognition of word tones in whispered speech.

Word 14

Johansson K, 1970, Perceptual experiments with owedish disyllabic
accent 1 and accent 2 words, Working Papers 3, Phonetics Laboratory,

Lund University

Kurytowicz J. 1936. L'origine de 1'accentuation scandinave. Bulletin
International de 1'Académie Polonaise des Sciences et des Lettres,

Classe de Philologie Classe d'Histoire et de Philosophie 7-10, I-I1

Liljencrants J. 1971. Computer vocal response system using smoothed -

step commands, 7th ICA, Budapest



97

Lindau M. 1970, Prosodic problems in a generative phonology of Swedish,

Working Papers 2, Phonetics Laboratory, Lund University

Lindblom B. and 5.06. Svensson. Forthcoming. Interaction between segmental
and non-segmental factors in speech recognition.

Lindgvist J. 1972. Laryngeal articulation studied on Swedish suhjects,
STL-QPSR 2-3, Stockholm '

Linell P, 1972, Remarks on Swedish morphology. Ruul 1. Dep. Ling.,
Uppsala University

LBfguist A. 1971. Some ohservations on supraglottal air pressure.

Working Papers 5. Phonetics Laboratory, Lund University

Malmberg B, 1940. Recherches expérimentales sur l'accent musical du

mot en suedois, Arch. Néerlandaises de Phon. Exp, 16

Malmberg B. 1953, Sydsvensk ordaccent, en experimentalfonetisk under-
stkning. Lunds Univ, Arsskr. NF Av. 1, Bd. 49, No. 2

Malmberg B, 1955. Observations on the Swedish word accent, Haskins
Laboratories, Mimeographed

Malmberg B. 1956. Questions de méthode en phonétigue synchronigue.
Studia linguistica 10

Malmberg B. 1959. Bemerkungen zum schwedischen Wortakzent. Z, Phonetik
12

Malmberg B, 1962. Levels of abstraction in phonetic and phonemic analysis,
Pnonetica &8

Malmberg B, 1962a, Analyse instrumentale et structurale des faits d'accents,

Proc, 4th Intl Congr. Phonetic Sci., Helsinki 1961, The Hague: Mouton

Malmberg B, 1967. Structural linguistics and human communication, Berlin,
Heidelberg, New York
Meyer E.A. 1937. Die Intonation im Schwedischen 1 Dié Sveamundarten,

Studies Scand. Philol. No. 10. University of Stockholm

Meyer E.A. 1954, Die Intonation im Schwedischen IT: Die norrléndischen

Mundarten. Studies Scand., Philol. No. 11. University of Stockholm

Ohman S. 1965, On the coordination of articulatory and phonatory active
ity in the production of Swedish tonal accents., STL-APSR 11,
Stockholm



98

Ohman S. 1966. Generativa regler fiir det svenska verbets fonologi och
prosodi, Férhandlingar vid sammankomst for att dryfta fragor rdrande

svenskans beskrivning 111, Goteborg

Ohman S. 1967, Word and sentence intonation: A quantitative model., STL-

QPSR II-III. Stockholm

Ohman S. and J. Lindgvist. 1965. Analysis-by-synthesis of prosodic pitch
contours, STL-QPSR IV. Stockholm 1-6

Ohman 5., A. Martensson, R. Leandersson, and A, Persson. 1967. Crico-
thyroid and vocalis muscle activity in the production of Swedish

tonal accents: A pilot study. STL-QAPSR II-ITI, Stockholm

Pettersson T, 1972. Om svenskans musikaliska accent., Gothenburg papers

in theoretical linguistics 14

Sawashima M, 1970, Laryngeal research in experimental phonetics,

Haskins taboratories SR 23, For Current Trends in Linguistics Vol, XII

Segerbick B, 1966, La réalisation d'une opposition de tonkmes dans des

dissyllabes chuchotés Lund: Gleerup
Selenius E. 1972, VEstnyléndsk ordaccent, SLSF 451, Helsinki

Sonninen A. 1968. The external frame function in the control of pitch
in the human voice, Annals of the New York Academy of Sciences, Vol,
155 (ed. Bouhuys}

Svensson 5.6, 1971. A preliminary study of the role of prosodic parameters
in speech perception., STL-QPSR 2-3, Stockholm

Teleman U, 1969, Bdjningssuffixens form i nusvenskan. Arkiv for nordisk
filologi 84

Teleman U, 1970, Om svenska ord. Lund

Westin K.,R.G. Buddenhagen, and D.H. Obrecht. 1966, An experimental
analysis of the relative importance of pitch, guantity, and intensity

as cues to phonemic distinctions in Southern Swedish, Language and

Speech 9

Witting C. 1959. Physical and functional aspects of speech sounds,
Uppsala universitets &rsskrift 1959:7

Witting C. 1961. Sats— och ordmelodi i ett prov pé& dlvdalsmél, En spek-

trografisk studie, Nysvenska Studier 40



Witting C., 1968, On acute and grave contours in Central Swedish

dialectal speech. An Audio-phonetic Study. Sv.1lm, B, 65

99



100
Appendix 1
Information about the speakers

CS female, born in 1950. Grew up in Stockhplm, Parents from Stockholm and

Skéane,

CO male, born in 1945, Grew up in Stockholm. Parents from Skane and the

Swedish west coast (Dalsland and Halland).

EG female, born in 1920. Grew up in Landskrona. Parents From Skéne, Lived

most of her life in Lund.

PL male, born in 1944, Grew up in Malmd. Parents from Smé&land and Hal-

land,

AlLa female, born in 1950. Grew up in Hangvar, Gotland. Parents from Skéane

and Smiland,
TS male, born in 1950. From Slite, Gotland,
ALS male, born in 1944, Grew up in Bords. Parents from Véstergdtland,

JA male, born about 1950, Grew up in VEstergdtland,
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Appendix 2

Material
Test words Translation

Speakers: TS, JA, EG, PL

‘Pal Paul

“Polen Ppland

“anden ) the wild duck

ba® nanskalet the banana-skin
*pélen the pole

* badkaret the bath~tub

* simbassing the swimming-pool
*badkar bath—tub

*anden the spirit

* vdrden values

“tomten the site

“vErden the host

* tomten the brownie, Santa Claus

Speakers: EG, PL

‘Bverstarna the colonels
“pallen the gee-gee
‘&nderna the wild ducks
“pollen pollen

*dndorna the ends

* baderskarna the bathing-women

Speakers: AlLa, AL8H, CS, CO
* tomtarna the brownies
“vrden ' . the haost

ba* nanskalet the banana-skin
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“tomten the site
“Gverstarna the colonels
‘8nderna the wild ducks
‘Pal Paul

‘Polen ‘ Poland

*vErden values

* simbassing  swimming—pool
‘vérd host

*palen the pole

“anden the wild duck

* tomten the brownie, Santa Claus
* baderskorna the bathing-women
* badkaret the bath-tub

* anden the spirit

* dndorna the ends

* badkar bath-tub

Speakers: Ala, ALS, EG, PL
“hasb

“ba: bab

* ba: bab

“hba: babah

* ba: babab
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Table 1.71. Durations of segments, locations of maxima and minima

Speaker: CS, Stockholm

103

the

P 0 1 & n whold "o, Fo 5 Fo
word | max max mir
Acute 1" 170 | 190”20 80 460 | 260
enframed 1 160 210 70 20760 1110 630 | 260
ov | 220 |eo0"s0 fso | 600 | 290
2 210 | 220 60 | 207100 |160 790 | 280
a'* | 200 |eo0t30 oo 540 | 260
3 170 | 210 g0 | 20%8p |120 670 | 260
41 170 | 180%30  h130 520 | 375
4 170|210 60 | 20780 {100 620 | 350
Acute 1 30%220  f170 440 | 240
isolated 1 200" 00 | 100 170 560 | 240
o 50210 150 | 420 | 270
g 160”70 70 | 130 140 580 | 260
3t 707180 hEo 400 | 375
3 170" 80 | 120 120 490 | 350
41 1007210 170 480 | 400
4 170”20 720 | 120 130 510 | 385
Grave 1 150" | 180,30 70 | 80°30 [120 670 |250 240 | 170
enframed 2 190 | 30%190. |80 | 90720 |140 740 | 280 280 | 160
3 |(310) | 307200, |80 |100%20 |120 850 |260 260 | 170
4 150 | 30190, |80 | sot2o {110 660 | 280 325 | 160
Grave 1 20" 190.20000 | 40”110 [170 630 |260 240 | 160
isolated 2 20"210.20{90 | 40110170 | 650 {300 280 | 180
3 30"150.30/80 | 40”100 (180 610 {300 350 | 190
4 40" 160,20{90 | 407100 }150 600 |3%0 425 | 160

1. Neutral statement
2, Emphatic statement

3. Neutral gusstion

4, Emphatic guestion

Prime after a figure means monosyllabic word

Two (or three) measurements for a segment means that it is divided into

subsegments by a max (") or a min («). See text 1.5

Measurements in msec

and Hz
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Table 1.2. Durations of segments, locations of maxima and minima

Speaker: CS, Stockholm

the FD FD FD
whole 1 5
E n d Y, ] rn a word | max max |min
Acute 1 160 100 50 100 50 100 560 | 240
enframed 2 170 100 60 80 50 90 560 | 240
3 160 110 60 90 60 100 590 | 240
a 180 120 50 60 60 100 540 | 325
Acute { 170 110 60 50 60 190 660 | 230
isolated 2 170 120 60 80 70 170 680 | 300
3 140 140 a0 60 90 140 620 | 350
! 150 130 40 80 70 150 620 | 375
Grave 1 60790 120, 70 120 70 40™60 640 | 260 260 160
enframed 2 90" 80 120 80 100 70 70740 660 | 240 240 160
3 50™90 100. 70 100 70 30780 | 610 {240 260 160
a 607100 | 110, 60 100 60 30790 610 1290 375 150
Grave 1 80780 120. 60 120 80 1071601 720 [260 260 (160
isolated 2 80790 110. 60 110 70" 200 740 280 260 [160
3 60790 100. 60 100 70" 170 660 [260 375 |160
4 607100 | 130, 70 120 70" 1190 750 |340 475 {160

1. Neutral statement
2. Emphatic statement
3. Neutral guestion

4, Emphatic guestion

Prime after a figure means monosyllabic word

Two (or three) measurements for a segment means that it is divided into

subsegments by a max () or a min (.).

Measurements in msec and Hz

See text 1.5
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Table 2.1. Durations of segments, locations of maxima and minima

Speaker: EG, Skéne |

the |F_ F_ |F,

P ° ! € | " xgiée max,I max2 min
| Acute 1+ | 190| 40”10 | 100 500 | 280 130
enframed 1 180]  60%120 | 80 120 110 680 | 260 140
21 | 220l 1807130 | 120 610 | 350 140
2 o20| 1407110 | 90 100 110 760 | 325 150
3v | 180 70%160 | 80 460 | 300 120
3 180]  40%140 | 70 100 100 630 | 300 140
av | 2a0| 80%170 | 60 550 | 350 110
4 190 707160 | 8o 90 100 690 | 375 120

Acute
isclated 1" 607190 | 120 370 | 240 130
1 507150 | 90 100 130 520 | 240 140
o | 1207220 | 200 550 | 350 140
2 1207170 | 80 140 180 660 | 300 140
3" 150,70 80”20 330 | 280 140
3 170 | so.20 | 90 50°40 | 430 | 280 140
40 60" 190,110 | 90770 520 |425 375 | 160
4 1007220 | 60.20 | 120 100" 620 |400 3850 | 160
Grave 1 180| 160~30 70 100 140 670 | 250 140
enframed 2 c00| 1307120 | B0.10 | wu 50°60 | 720 |200 310 | 170
3 180| 160750 80 100 120 700 | 280 140
4 210| 18060 70 100 110 720 | 3850 140
Grave 1 150°60 50 110 130 540 | 240 140
isolated 2 200°70 | 120 140 160 700 | 300 1140
3 120%60 | 100 20,70 60°60 | 510 |280 220 | 140
4 230" 50 80 50..80 90" 600 |400 350 | 160

1. Neutral statement

2., Emphatic statement

3. Neutral guestion

4, Emphatic guestion

Prime after a figure means monosyllabic word

Two (or three) measurements for a segment means that it is divided into
subsegments by a max (*) or a min (,). See text 1.5

Measurements in msec and Hz
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Table 2.2. Durations of segments,

Speaker: EG, Skéne

locations of maxima and minima

the |F - F[F
. 6 : d a N i a xgiée maxll max min
Acute 1 110°40 | 9o 30 | 70 |eo | ao ago | 220 120
enframed 2 150 4060 | a0 | eo | =0 | oo 500 | 250 120
3 10040 | 100 20 | 80 |eo | o0 450 | 240 120
a 90°60 | 110 60 [ 70 |60 | a0 550 | 280 120
Acute 1 130" 100 50 | 70 |70 |1e0 590 | 200 120
isolated 2 130°20 | 110 a0 | 80 |90 {1e0 650 | 230 120
3 120" 100 70 | 80, |80 [11030 |60 |240 200 |20
4 8060 | 120 70 | 100, | 70 | 150~ 660 300 220 | 430
Grave 1 140 &0 20720| 60 |60 | 90 480 | 220 120
enframed 2 150 30°90 | 40 |ao.eo |70 | 90~ 550 |240 240 | 140
3 140" 100 50 | 80 |=0 | 90 520 |240 120
4 140 80"30 | 40 | eo |eo | 9o 520 {280 120
Grave 1 110 60°50 | 50 | eo |70 |1s0 560 {200 1120 |
isolated 2 160 3090 | S0 40,60 |70 | s0"90 | es0 |240 230 | a0
3 120 50720 | 20 | @0 |70 | 20.110" |se0 |260 200 | 190
4 120 90760 | 20 | 90 |80 | 20.140" {630 |350 220 | 120

1. Neutral statement

2. Emphatic statement

3. Neutral question

4. Emphatic question

Prime after a figure means monasyllabic word

Two (or three) measurements for a segment means that it is divided into

subsegments by a mex (") or a min (+). See text 1.5

Measurements in msec and Hz
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Table 3.1. Durations of segments, locations of maxima and minima
Speaker: ALa, Gotland
1 the FO FO FD
P © ! & .n agiée max/I max2 min
1 Acute 160 140730 | 60 400 | 310 200
enframed 150 150710 | 60 90 80 550 315 190
2° 180 210750 | 80 510 | 335 260
2 190 170740 | 80 110 90 680 § 350 190
130 120770 80 390 340 220
120 160730 | 70 80 80 550 {325 180
4t 170 1200740 | 80 490 {450 300
4 170 200740 | 90 100 60 660 | 450 180
Acute 1007210] 130 450 1290 190
isolated 190760 | 80 80.. 100 90" 610 | 310 240 180
2° 907260} 120 480 1425 190
2 210790 | 80 150,60 110 710 {375 220 180
250 100" 360 |400 -
170730 | 80 70,90 70 510 (425 400 {210
40 330 50740 430 500 -
4 250740 | 90 60, 120 90" 640 500 425 200
1 Grave 200 1210 70" 100 90 680 | 300 200
enframed 2 | - 250 80" 100 90 - 500 260
3 100 170 60 10”80 80 500 | 320 220
4 190 | 250 e0” 110 80 720 | 425 200
Grave 1 240 30740 140,60 100" 600 | 290 230 |200
isolated 2 290 60740 200. 150 730 475 180
3 230 40750 90,90 100" 600 | 375 340 (210
4 280 50"50 100, 100 90" 680 475 400 220

1. Neutral statement

2. Emphatic statement
3. Neutral guestion
a,

Emphatic guestion

Prime after a figure means monosyllabic word

Two (or three) measurements for a segment means that it is divided into

subsegments by a max (") or a min (.).

Measurements in msec and Hz

See text 1.5
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Table 3.2. Durations of segments, locations of maxima and mindima

Speaker: AlLa, Gotland
- the {F,  F_o |F,

3 n . 2 " “ giée max max min
Acute 1 130 | 70%40 | 40 | 50 60 S0 480 | 325 180
enframed 2 140 | 80™60 | 50 | 90 70 90 | 590 | =s0 190
3 130 | 60°30 | 40 | 50 60 | 60 440 | 350 200
4 140 | 6070 | 50 |100 70 80 580 | 450 200
Acute 1 140 | 80°50 | 50 |100 80 60, 130% 700 | 325 250 190
isolated 2 190 | 70790 | 80 [110 80 70, 150" 840 | 450 280 180
3 130 | 7070 | 30 | 80 70 50.140%] 640 | 425 325 | 200
a4 170 |120°60 | 70 [100 90. |2o0®  |s20 | s00 400 200
Grave 1 120 | 100 50 | 20"60 50 80 490 | 325 200
enframed 2 160 | 130 4p % 10°90 70 50 600 | 375 190
3 120 | 90 40 i 10°80 | 60 80 500 | 350 190
4 160 | 120 80“%140 80 |110 |90 | 4s0 200 |
Grave 1 120 | 110 60“?100 80 80, 120°}660 | 325 240 180
isolated 2 150 | 140 90“@130 90 |[100.110"|830 |B00 210 180
3 140 | 120 40"~ §100 70 60. 140" 680 | 400 300 200
a4 160 | 140 50" 110 80 60. 130"} 740 | 475 =500 230

1., Neutral statement

2. Emphatic statement

3. Neutral guestion

4. Emphatic guestion

Prime after a figure means monosyllabic word

Two (or three) measurements for a segment means that it is divided into

subsegments by a max (“) or a min (,) See text 1.5

Measurements in msec and Hz
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Table 4,1, Durations of segments, locations of maxima and minima

Speaker: ALH, Vastergdtland

the |F_ F_ |F,

P e 1 € " ngée max max2 min

Acute 160 | 200760 | 90 520 {180 140
enframed ~110 | 180,40 | 60 90" | 100 590 |150 180 |130
160 | 190780 [120 550 200 140

2 |"™120 70, 170, 70 5030 | 130 640 160 200 |130

3! 130 | 220"10 100 450 {200 180

“110 | 120,90 | 60 70720 | 100 580 150 200 {140

4' 1 120 | 200"50 |90 470|270 200

4 |*~110 | 150,90 |60 70" 90 580 {160 280 }|130

Acute 190"70 160 420 1150 160 120
isolated ~180.20 |80 100 30™160 {580 |140 170 |120
2t 150" 1500180 480|220 120

2 ~100. 150} 30°50 | &0 180 580 |150 200 {140

150™40 n10 300 {240 120

“160.60 |60 100" | 170 540 170 210 130

at 210"80 N50 440 1325 120

il ~220.20 |70 100 30130 {570 }170 280 {130

Grave 1 110 60" 160470 80 30°80 |600 {170 180 }120
| enframed 2 120 70"200.J80 90 30™100 |700 {200 200 }120
3 80 50”160 20,40 {100 40™70 [570 1180 190 {120

4 80 60" 190460 90 30780 610 240 250 (120

Grave 1 A0~ 150 140,40 | 90 60"120 550 170 160 {120
isolated 2 80~ 170 [40.40 {110 20170 |640  [200 210 {120
3 60" 130 |40,30 [110 40"160 {580 (200 220 (120

4 70”160 K0,.40 110 50°150 |610 |260 280 120

1. Neutral statement

2, Emphatic statement

3., Neutral question

4, Emphatic guestion

Prime after a figure means monosyllabic word

Two {or three) measurements for a segment means that it is divided into

subsegments by a max (") or a min (.).

Measurements in msec and Hz

See text 1.5
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Table 4.2. Durations of segments, locations of

Speaker: ALH, ViEstergbtland

maxima and minima

the FD FD FD

< " d 2. ) . = xzsée max — max min

Acute 1 110 80.50 |60 }60 {70 20750 510 160 180 120
enframed 2 20" 110| 100,40 | 60 70 |60 40°60 a50 160 200 120
3 " 120 70,80 | 60 80 |60 20770 560 160 200 130

al ~120 90,1200 40 {60 |70 40750 | 590 180 240 130

Acute 1 " 120 140,30 | 40 OO |40 80740 | 600 160 180 120
isolated 2 " 120 140,40 | 40 B0"20] A0 130 620 150 200 130
3 ~120 20,1200 40 80 |60 110" 560 140 280 130

4 20" 110 | 150, 60 |90 |60 90°30 | 820 160 300 120

Grave 1 50" 60 150, 70 120 180 50740 | 600 180 180 110
enframed 2 80720 170,10 | 60 140 {70 50790 | 680 190 200 120
3 40" 70 150. 60 | 90 70 50730 | 560 180 200 120

4 70740 | 200. 60 o0 |60 60720 | 610 | 220 280 120

Grave 1 70720 170 30, 20[120 50 110730 | 520 160 160 120
isolated 2 80" 30 190. 70 oo {70 90"60 | 700 | 200 200 120
3 40" 30 110 60, {120 |50 100720 520 200 240 120

4 90”20 200 80. 1110 50 140710 | 700 320 300 120

1. Neutral statement

2. Emphatic statement

3. Neutral guestion

4, Emphatic guestion

Prime after a figure means monosyllabic word

Two (or three) measurements for a segment means that it is divided into

subsegments by a max (") or a min (.).

Measurements in msec and Hz

See text

1.5






