
Comparing lntonation

Eva Gårdlng

A comparison of intonation in different prosodic systems,

analysed with the same mett¡od and described in the same manner,

supports the opinion that such Bystems share some basic
features. These cornmon featureg are present ín the underlying
structures as well as their surface manifestations.

The goal of my paper is to substantiate this point. I shall
draw from analyses of two tone Languages, Hausð with t\¡to tones

and standard Chinese with four, and three accent languages,

Swedish with two accents, English \^ti-th one movable accent ðnd

French hrith one fixed accent (or none, depending on the

analysis) . (1 )

Intonation without further specification is defined as the sum

total of ttre main factors that shape the FO curve, i.e. lexical
and phrasal aceents or tones, accentual or tonal expressions of

information weight, speech act and boundaries.

In the first part, the intonation parameters used for analysis
and description wil-1 be presented in schematic form together
with their communícative functions. The second part gives
real-life exampl.es of these parameters and their correlations
to Iexical, syntactic and sernantic properties. The thircJ pert
describes a scheme which has been used to generate pitch for
comparðble sentences in some of the exemplified langua-oes'
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Intonational similarities and differences can be described in
terms of this model . * Most of the material used in the
foltowing sunmðry has been described in more detail elsewhere
(see references).

l.Intonation parameters j-n schematic form

Figure 1 summarizes the main concepts of the model. The

drawings, which are meant to have a logarithrnic frequency
sca1e, illustrate idealized cases consísting of at least t$to

evenly accented words. T'here are several reasons for using such
uncommon pãtterns. Focus has been avoided since it causes the
FO curve to deviate frorn its general direction, not just over
the focused part but also over the neighbouring syllab]-es.
One-accent phrases have not been included since in such phrases
the general direction is not so easy to catch. Phrases with
sonorant segments have not been chosen to eliminate
articul-atory disturbances. An intonation curve of this
idealized type has loca1 maxima and minima, i.e. turning
points. These turning points are part of a larger pãttern, the
grid, which is most easily seen if the main maxima are
connected by a topline and the main minima by a baseline. When

the turning points have been connected, as in the drawings, the
grid appears as a seguence of units which are clearly rising,
faJ-ling or level.

Each unit l¡as a normal, expanded or compressed width, even to
the extent of being best represented by one line on1y, The part
of the grid where the direction or v/idth is changed, or where
the grid takes a junp, is called a pivot. An intonation unit is

* Tbis last section was the main part of my contribution to
the Working group on intonation at TtIe XIIIth International
Congress of Linguistics, Tokyo 1982, and has been pubtished
elsewhere (cårding 1983c) .
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(focus )

clôuse type

TabLe l. Co¡nmunicative function of Lhe intonation parameters
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a pieee of an ut-terance with an unbroken grid ' The drawings

reflect a stlperposition principle: texical j-ntonation is

superimposed on a slowty varying phrase or sentence intonðtion,
expressed by the grid. (2)

The concepts itlustrated in Figure 1 are associated with the

Iexieon, syntax and semantics of the utterance, as summarized

in Table l. The local turning Points signal words and

morphemes. The pivots serve as semantic and syntactic
boundaries. The general direction of the grid over the

utterance, often in combination with the direction of the last

intonation unit, is associated with speech act type and

sentence type. These tl¡Pes may be declarative, interrogative
and imperative to use the classical' terms.

The width and position of the griil for an intonation unit

signal its information weight relative to other intonation
units. In this t¡¡ay the width and position of the grid may

express coordination and subordination of various parts of an

utterance. Of course, the prosodic structure, signalled by the

intonation parameters, need not coincide with the semantic or
syntactic structure of an utterance. It is possible to make a

syntactic statement into a prosodic question and syntactic
subordination may be completely eÌiminated by prosodic focus'
In fact, there are many examples of prosody overruling syntax,
particularly in spontaneous speech vrhere intonation seems to be

more closely related to semantics than to syntax. Às a

consequence, what is theme and rheme from the speaker's point

of view can in general be identified unamtriguously in such

speech. Some examples will be shown in the next section.

2. Intonation parameters in real life

Turning poi.nts
Àn intonation curve can be efficiently described by the
position in time and frequency of its end points and turning
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points. In fact, being reasonably smooth, the curve can be

obtained by smooth interpolation between these Points over ttre

voiced segments. The turning points are in general connected

$rith accents and tones. The tíming relations betr^¡een segments

and turning points are relatively constant in different
prosodic contexts and crucial for the identification of r'¡ords

and morphemes in tone languages as well as accent languages.
These retatj-ons are also important for the identification of
boundaries.

In Hausa, a language with two tones, analysed as high and lor^¡,

the turning points occur at the end of the syllable and ðrê

independent of sentence intonation (Fi9.2). Note the wider grid

of the question and its slightty different direction' In

Standard Chinese, which has four tones, the highs and the 1or'rs

are timed in relation to the syllables which in the rnajority of

càses are also morphemes. Figure 3 showe a sentence consisting
of a sequence of alÈernating falling and rising tones, uttered
in different aentence intonations and focus patterns. Note that
the tíming of the turning points in relation to the segments is
nearly con6tant throughout the prosodic contexts'

The two accents of swedish have been described in different
ways. Schematícðlly both accents have triangular shapes, and in

all dialects Accent 2 comes later than Accent I ' fheir
positions relative to the syllab1e vary vrith dialect' In some

dialects the accent pair comes early relative to the accented

syl1abIe, in otlrers late (Fig.4. Bruce and Gårding 1978).

Seen from the accented syllable only, Accent I can be high ancl

Accent 2 Jow in one group of dialects. In anotber group of
dialects the situation is reversed (e.g. Malmberg 1967) '
Neither way of analysing the accents seems linguistically
interesting. Ttìe most attracti-ve analysis is probably one that

describes the ðccents by their highs and tows in the accented

syllat,le and the adjacent ones (Elert 1970, Bruce I983, Gzirding

1981, Rischel 1963, iihman 1966 ) . This is necessary for a
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Skåne

stockholm

Göteborg

Figure 4.

Dalarna

Comparable sêntences ¡¡ith Accenr 1 and Accent 2 in some
Swedish dialects. NoËe the triangui-ar shape of the
accents and that Accent 2 follo¡rs Accent 1 in al-l cases.
Note also thac the accenË pair is earlier in e.g. Skåne
than in DaLarna relative to Èhe accenÈed syllable. In
the accented syLJ.ables, ruarked by horizontal, lines,
AccenÈ 1 is high and AccenÈ 2 low in one dialect, e.g.
Skåne. The situation is reversed in oÈher dialects,
Further discussion in the text.
From Bruce & Gårding 1978.
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satisfactory anaÌysis of dialectaL variation and brings out the
original function of the accents as markers of the $¡ord

structure.

In Germanic languages outside of Scandinavia the turning points
of accents are more or Less fixed withín the syllable but may

alternate between high and low depending on the speech act
intonation and the posítion in the phrase. Figure 5 shows how a

focal high in a falting statement intonâtion corresponds to a

low in a question (Bannert 1983, cårding 1983c).

I'he grid
The sketchy defi.nition of a grid given earlier needs some

additional comments. Vfhen this notion is applied in the actual
analysis of FO curves, the analyst has to bear in mind that the
curve is the sum total of various elements in speech, segmental
as well as suprasegmental. We cannot expect top]-ines and

baselines, drawn automatically by connecting local maxima and

minima to be a true representation of what is pereeived as
phrase or sentence intonation. Coarticulation effects,
accentual patterns, boundary phenomena and pivots have to be
recognized. There is at present no general algorithm for the
construction or recognition of a grid.

Nevertheless, when the pivots have been identified, there is in
most cases a natural grid, at least over intonation units that
are not too ahort. This grid should reflect speech act,
phrasing and accentuation. Connecting the maxima and mi-nima of
natural speech does not ordinarily give the idealized shapes of
Figure 1 but more often wedge-shaped ones depending on the
accent pattern. Figure 6 illustrates the difference between an
automatically drawn grid and a grid that reflects the
linguistic prosodic elements present in the intonation curve.

T'he intonation curve, the same in both cases, is derived from
the Swedish sentence'Hon gick inte o(ch) la sej', She did not
go to bed, in an interrogative intonation. With an
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Figure 6. An auÈomatically drawn grid left and a grid where the Èerminal
juncÈure (pivot) has been recognized to Èhe righÈ. ÍlA=r¡ord
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Figure 7. Fourth exanple of Figure 3 in logarithmic scal-e to the left
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automatically drawn grid, as ln the curve to the left, the
baseline hrould be realized a6 fal-ling and the topline as

rising. Tlis eonstruction does not give a very clear picture of
tlre prosodic events and their contributions to the curve.

If we presuppose the existence of a gríd reflecting sentence
intonation, as in the curve to the rigbt, \^¡e get a rising grid
enclosing the accents as a global expression of interrogative
intonation and ãt the ênd a pivot. This pivot is manifested by
the wide F0 range in connection with eentence accent (sA), and

the terminal juncture (TJ), a rise from thè bottom of the
voice, is a local marker of the interrogative speech act.

As in the example åbove, the grid should a6 mucb as possible
conEiet of ôpproximately parallel lines on a logarithmi-c scale,
broken at the pivots. In this way it brings out the direction
of intonation while thè width of the grid reflects the
information weight of the corre6ponding phrase.(An accentual
pattern \.rith àlternating strong and vteak accents \^¡ill have to
be discussed separately. ) To 6um up, a single line is not
sufficient to expre6s all the information that can be provided
by the grid.

For the grid to fit large pitch ranges, it is essential that
the scale be logarithmic. (n logarithmic scale has also been

used and motivated by FujisakÍ, 1969. ) compare the fourth
example of Figure 3 with the 6ame phraee drawn to a linear
frequency scale (Fig. 7).

With the linear scale the upper part of the curve is blown up

out of proportion with the lo\"ter part and does not convey the
auditory impression of a gradual fa1I.

As already mentioned the direction of an intonation unit is
clo6ely associated vtith the sentence type ðnd sPeeclÌ act type
and with its position in the sentence. The use of a fallinq
grid to express a declarative speech act and a rising or lêve}
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one to express interrogation are co¡nmon features for perhaps

the greät majority of qhe languages of the world (Botinger
1977). An important part of the manifestation of speech acts
seems to be carried by the lêat intonation unit. This means

that speecb acts can have a global and/or local expression.
Figure 3 shows a level grid for a statement with a local drop
to creâky voice at the end, a rising grid frorn the subject
(theme) in the question and a falling grid from the subject
(focused rheme?) in the last utterance. In the Hausa example
(Fig.2) the change of direction is smaller, but here the width
and the tempo increase in the question.

Focus is in general expressed ãs an expansion of the grid in
connection with the part in focus, and this expansion is often
combined r¿ith a compression of the part vrhich follows after
focus. Examples are shown in Fj.gure 3 and Figure 8. In Hausa

the focused word is alvtays initial ancl a prosodic signal is not
necessary. In ì-anguages without distinctive accents or tones,
the unfocused part is cornpressed into a one-line grid. Figure I
Bhows how the accentual up-and-do\tn movements are almost
completely flattened out in French and Greek after focus but
not in an accent language such as Swedish, nor in a tone
language such as Chínese (Fi9.3) A support for a tonal grid
encompassing the lexical tonal prosody is given by the strongly
compressed accent and tone configurations after focus. Here the
lexical points have retained their positions not only in
retation to the segments but also to the grid. For a strongly
falling grid this may have the effect that a rising tone may

have constant pitch (Gårding 1983).

Pivot6
Íhere are many kinds of pivots depending on the nature of the
tv.ro adjoining intonation units and the possible large-scale
movements involved at the juncture. Apart from the ones shown

in Figure l, some additional examples are given in Figure 9. It
is clearly possible to assign different weights to pivots hthere

greater weight is associated with more important syntactic and
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,A
3

6

Figure 9. Different kinds of pivots. The direction of the grid changes
(1,2), ¡, pivor which does not chànge the direcriãn of rhe grid(3). Pivors with resetrings of the grid (4,5,6). Flatrening
of Èhe grid afrer pivot (6).

semantíc-pragmatÍc boundaries. A change of position as in 4

seems to mark a stronger break in coherence than a change of
direction as in I or 2.

A strong degree of coherence beth¡een t$/o sentences of a text
may be shown by a unidirectional falling grid as in Figure IO

r,,rith a junctural pivot to mark the sentence boundary. À lesser
degree of coherence is produced by a new, upshifted grid as in
the same figure. Si¡nilarly two rising interrogations are
connected by a downshifted grid (Fig.t0). Figure 11 shows

fundamental freguency curves of "Mari.e a une mandoline de

Panama" and the corresponding sentence in Swedish, both
pronounced as the first sentence of a short story. The

intonatíon has certain traces of the syntactic structure of the
sentence. In connectíon with the main syntactic boundary, there
is a light pivot with a change in the direction of the gríd in
both languages.

The introduction of focus in the sentence, as in exðmples 2A
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and 28, produces a strong pivot äfter the focused word,
spljtting the sentence into a thematic Part and a rhematic
part. fn the Swedish diatect exemplified here, the strong Pivot
is manifested as a large-range downh¡ard movèment preceding the
directional change of the grid. In the French example the grid
is compressed after focus. In both languages the position of
focus is free and the focal pivot divides the sentence into
parts which are not given by the syntax but by the theme-rheme

division chosen by the speaker.

The last pair of examples from French and Swedish show

sirnilaritíes and differences in the use of pivots and grids. In
the Swedish example, the non-restrictive relative clause is set
off by a compreÊsed grid and the unity of the main clause is
signalled by a continuation of the gradually declining topline
of the first intonation unít. The intonation units here are

well correlated with syntax but they have at the same time a

more general sernantic function, that of subordinãting
information parenthetical to the main message. In the
corresponding Frencb example the grid is broken more frequently
by pivots, In this way the information units are shorter and

have steeper slopes. In fact, intonaÈion units in French can be

said to play the role of accents in Swedish, name).y to signal
content words with appended functional items. In the French

sentence the relative clause is set off by jump-down pivots. To

shohr the global directíon of the sentence intonation, the highs
and lows of the intonation units have been connected. This
gtobal grid is falling as in Swedish, and both languages have

an extra local fal1 on the last semantic unit, Panama.

3. Comparison in terma of a generative model for intonation

'Íhe analytic scheme demonstrated ín the preceding sections has

been worked out in connection r¡tith a generative model for
prosody which has been the object of several articles since the
rnid seventies (see Gérding 1981, 1983a and references there).
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Its object is to generate prosody in different languages in ð

uniform way. Here f shðlÌ only give a brief sketch.

The most important feature of the model is that it factors out
utterance prosody from Ìexical prosody by a grid construction.
Tbe input to the model is a sentence with phonological
markings. In the first stage correct syl1able durations are
generated from the input markings. In the second stage the
phonologícal markings are subject to intermediate phonological
rul,es which concern context rules at the symbol level. Exemples
of such rules are the deletion of accent marks after focus in
some languages and Chinese sandhi rules. In the following stage
the accents or tones are converted into highs and lows or
combinations of these features. Finatly pitch is generated.
Characteristic of the pitch generating sctreme is that the
sentence and phrase intonation are generated first from the
speech act markings and boundarÍes in the form of a grid. The

lexical highs and lows are then given their proper positions
relatíve to the sytlables anil their frequency values relative
to the grid. The next step modifies these positions by
accenÈual rules and contèxt rules. Finally the curve is
obtained by smooth interpolation over the voiced segments
through the points generated earlier. Figure 12 shows the model
and the principles of the pitch generating scheme.

The generative model is useful for characterizing prosodic
systems and comparing them. A summary of the intermediate
phonological rules, the intermediate pitch representations and
the rules of the pitch algorithm constj-tutes the mðin features
of the intonational profile of a language or dialect, By adding
an account of the function and distribution of the prosodic
features needed in the input, we obtain something that coul_d be
call-ed a prosodic granmar (cårding f983a). The uniform way in
which such grammars can be obtained makes prosodic comparisons,
also point by point, meaningful. To carry out this program for
a sizable corpus of languages is of course a very large
undertaking, but even with our small set of prosodicatly
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PA PA SA

I NPUT rrt""l#,,n.ri#,,r,.r...å,)7 no, 
"n,aanouri,llt.rn'"ø.if 

lr1

Syttobte structure rules

Syllobte durotion rules

lntermediory phonologicot rules

lntermediory pitch representof¡ons

Algorithm for pitch generatíon

OUTPUT

Figure 12a. lfodel for prosody and principLes of the pitch algorithn.

A PA SA

3________-tt____

Figure t2b. Priciples of Èhe piÈch algorithm. Typical grid with
insertion of !l¡Æ. and Lows.
PA=phrase accenÈ, SA=sentence accenÈ, A=¡üord accent
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different systems and Iimited anatyses, it is possiL'le to
venture some conclusions.

Grids and pivots
fhe notions of grid and pivot are applicable in a natural \tay

to the languages analysed so far. Speech ôcts as manifested by

grids seem to exhibit the following general features. They can

hãve a global and/or local expression. ln polyphrasal
utterances it is the l-ast phrase that carries the main part of
the speêch-act information. The intonation of the preceding

phrase(s), at least in preplanned speech, is adjusted to fit
the last phase of the sentence in an optimal way. A rising
speech-act contour is precedecl by a falling or level- one and

vice versa.

A falting final intonation unit expresses terminality in a

general sense and is strongly connected with the declarative
speech act. A rising or leveL intonation unit expresses

non-terminality and connects with an interrogative speech act.
fhe same is true of falling and rising (l.eve1) global- patterns.
This is a general tendency in thê languages of the world
(Bolinger 1978).

Focus is expressed as an expansion of the grid in connection
with the part in focus and this is often eombined with à

compression of the part which is outside focus. At this point
there is a difference between languages with lexical tones and

accents and those without lexical Prosody. Lexical tones and

accents seem to prevent too much compression of the grid.

Accents and tones
The manifestation of accents and tones are local features of an

intonation curve where highs or lows or a combination of highs
and Lows are fixed in time to specific parts of the carryíng
segments. This turning-point fixation seems to be a general
feature. On the other Ìrand, morpheme-bound tones and \^tord-bound

accents bring about some essentiâI differences of phonological
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as well as phonetical nature. Take for instance Chinese and

Swedish. Pitch goes up and down more often in Chinese than in
Swedish, evidently because of the greater functional load of
the Chinese tones, l'he pitch range is wider in Chinese, and
this is ät least partly due to the fact that a rising or high
tone in focus expands the range upvrards towards the ceí1ing of
the voice whereas fallíng and Iow tones go in the other
direction (cårcling et al. 1983, Gåriling 1984). In Swedish,
focusing is achieved by the same principle, only here the
effect will be dialect dependent. In a díalect with rising
accents, focus raises the highs, while in a dialect v;ith
falling accents, thê lovrs will lowered.

Prescriptions for the location of tones and accents in relation
to the syllabl-es show some important differences in tone and
ã^ñêh+ ì¡ncrr¡aec- êvêñ if +hê ñìiônôlaai¡al rêñrêqêhfâ+iôn ic

the same. The turning point of a shredish accent, it may be high
or low, tends to be located in the middle of the vocalic
Eegment hrhich is closely associated with the interisity maximum.

This position is slightly shifted in focal or emphatic context
(cårding L983c). This does not seem to be the case in Chinese.
Here the turning point is connected with the syl-lable-initial
consonant. Yle are reminded of the classical, dÍscussion of tones
and accents as traving different physiological mechanisms,

Superposition
The principle of regarding intonation as the sum of a phrase
intonation component and a lexical component is suitable for
all the languages that have been analysed here. It finds its
expression in the grid as a frãme for the accentual and tonal
pitch movements. More precisely, the accents or tones are
superimposed on a slowly varying intonation.

conclusion

To conclude this paper let me try to express an overall view of
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the manifestation of intonati-on v¡hich has emerged from the
comparison of some different prosodic systems. Intonôtion
curves in general can be said to hðve a threefold structure,
each part encompassing the next, namely
(1) a global pattern of linear elements, related to

sentences and speech acts
(2) a short-term linear structure, related to phrases and
(3) a local wave structure, related to lexical accents

and tones.

Notes

1) Intonational similarities and differences between

have also been studied by ilacqueline Vaissière,
Vaissière 1983, with overlapping results.

Ianguages
see e.g

2) Superposition is implied in the metaphors used by Bolinger
for âccents as 'ripples on waves' (1964) and similary by Chao

for tones (1968 ). Superposition was used explicitly in a

guantitative model of intonation by öhman ( 1967') , Fujisaki
(1969) and in my own gualitative model (1970 and subsequent
papers), Mc Allister (I971), Thorsen (1978) and several others.
The superposition principle has been considered contrary to the
tonal seguence principle advocated by Pierrehumbert (198I). See

Tt¡orsen (1983 ).
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