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Abstract
A production study was conducted to investigate the effect of focus on the temporal structure
of Swedish two-syllable words. Speakers read aloud simple three-word sentences with sys-
tematic variation of the position of focus in the syntactic structure. All the words in each
sentence had the same word accent, either acute or grave and they were all two-syllable
non-compounds. In general, focus on a word caused a lengthening of about 25%. However,
the amount of lengthening varied with speaker and position in the syntactic structure.
Measurements of syllable durations revealed that both syllables in the words contributed to
the lengthening but most of the lengthening occurred in the stressed syllable.

Introduction
Over the years, there has been considerable interest in acoustic correlates of accents and
focus. It is generally agreed that the primary correlate of focus in languages such as English,
Swedish and Dutch is a pitch accent. It has also been observed that the pitch accent is usually
accompanied by an increase in duration on the focused word, although it has been debated
whether the lengthening takes on a signalling role (Sautermeister and Eklund, 1997). For
Dutch it has been found that focused words are about 25% longer than non-focused (Eefting,
1991) and in a study of American English, non-final emphasized words were 37% to 43%
longer than non-focused (Cooper, et al., 1985). The study by Cooper, et al., (1985) also
revealed great variation in the amount of focal lengthening depending on the position of the
word in the sentence. What is lengthened in focus, i.e. the domain of accentual (or focal)
lengthening, is held to be the word in Dutch (Eefting, 1991, Sluijter and van Heuven, 1995),
and a unit beginning with the pitch-accented syllable and extending to a subsequent syllable
in American and Scottish English (Turk and Sawusch, 1997, Turk and White, 1997). Data
based on Swedish show that the domain of focal lengthening is at least the stressed syllable
(Fant, et al., 1991).

In the present study, the effects of focus on the temporal structure of Swedish two-syllable
words are examined. We want to (1) quantify the amount of focal lengthening, (2) investi-
gate whether and to what extent the lengthening is influenced by position in the syntactic
structure and (3) specify the domain of lengthening, i.e. what is lengthened in the focused
word.

Method
The material consists of meaningful Swedish sentences and is in the form of questions and
answers. The data analysis, however, is restricted to the answers. The questions were
designed to elicit answers with narrow focus on either of the three words while keeping the
syntactic and segmental structure constant. There were 12 different question-answer pairs.
All the words in each answer had the same word accent, either acute: Mannen tömmer
dammen ‘The man is draining the pond’ or grave: Kvinnan dammar kannan ‘The woman is
dusting the jug’. Furthermore, all the words are two-syllable non-compounds, the vowels in
the stressed syllables are short and stress is on the first syllable. The syntactic and segmental
structure of the answers is shown in Table 1.



Table 1. Syntactic and segmental structure of the answers in the speech material.

[ S NP [VP V NP] ]
±F ±F ±F

Acute Mannen tömmer dammen
Grave Kvinnan dammar kannan

Since all three words in the answers occur in focus there is one focused and two non-focused
versions of each word. The first NP occurs in focus and in two prefocal positions, the verb
occurs in postfocal, focal and prefocal position, and the second NP occurs in two postfocal
positions.

The speakers participating in the study were one male and three females. They are all native
speakers of Swedish, with a central Swedish accent, and accustomed to reading aloud. Each
question-answer pair was repeated 10-12 times by each speaker yielding a total of about 530
productions (6 questions x 2 answers x 10-12 repetitions x 4 speakers).

The recordings took place in a sound-treated room. The speakers were seated in front of a
microphone and a computer screen. They were presented with one question-answer pair at a
time on the screen and were instructed to read the answers appropriately according to the
questions. The question-answer pairs were presented in random order. A computer program
(VoicePro TM) handled the presentation of text on the screen as well as the recording. The
answers were recorded to hard disk at 48 kHz sampling frequency, 16 bit amplitude resolu-
tion.

Segment boundaries for all segments in the answers were determined and labelled using
ESPS/waves+TM. Segmentation was guided by visual criteria, e.g. abrupt changes in the
amplitude and shape of successive glottal periods, and verified by auditory feedback. Sylla-
ble- and word-durations were calculated using the labelled segment boundaries.

Results and discussion
Tables 2 a-c present duration means for focused and non-focused words, and stressed sylla-
bles for each speaker and each syntactic position separately. As the differences between the
two non-focused versions of each word are usually very small, the average of the non-
focused durations is shown in Tables 2 a-c.

Tables 2 a-c. Word (W) and stressed syllable (σ) duration means for focal (+F) and non-focal (-F)
words, differences between ±F in absolute values (∆W, ∆σ) and as percentages (%W, %σ), and
ratios between ∆σ and ∆W as percentages for the first NP in Table 2a, for the verb in Table 2b and
for the second NP in Table 2c.

Table
2 a

Word Word duration Syllable duration Rat io

Speaker [S NP + F - F ∆ W % W + F - F ∆σ % σ ∆σ/∆W
Sp1 Mannen 733 504 229 45% 454 327 127 39% 55%
Sp1 Kvinnan 767 527 240 46% 426 298 128 43% 53%
Sp2 Mannen 560 443 117 26% 385 281 104 37% 89%
Sp2 Kvinnan 600 469 131 28% 396 272 124 46% 95%
Sp3 Mannen 455 331 124 37% 299 211 88 42% 71%
Sp3 Kvinnan 490 355 135 38% 317 212 105 50% 78%
Sp4 Mannen 453 435 18 4% 277 261 16 6% 89%
Sp4 Kvinnan 499 433 66 15% 306 260 46 18% 70%
[S NP mean 30% 35% 75%



Table
2 b

Word Word duration Syllable duration Rat io

Speaker [VP V + F - F ∆ W % W + F - F ∆σ % σ ∆σ/∆W
Sp1 tömmer 567 445 122 27% 423 317 106 33% 87%
Sp1 dammar 553 488 65 13% 377 327 50 15% 77%
Sp2 tömmer 507 419 88 21% 386 306 80 26% 91%
Sp2 dammar 475 383 92 24% 332 251 81 32% 88%
Sp3 tömmer 360 286 74 26% 295 232 63 27% 85%
Sp3 dammar 397 311 86 28% 275 200 75 38% 87%
Sp4 tömmer 387 331 56 17% 310 252 58 23% 104%
Sp4 dammar 415 347 68 20% 279 213 66 31% 97%
[VP V mean 22% 28% 89%

Table 2c Word Word duration Syllable duration Rat io
NP] ] + F - F ∆ W % W + F - F ∆σ % σ ∆σ/∆W

Sp1 dammen 604 497 107 22% 377 308 69 22% 64%
Sp1 kannan 629 514 115 22% 373 288 85 30% 74%
Sp2 dammen 659 588 71 12% 397 354 43 12% 61%
Sp2 kannan 739 594 145 24% 428 328 100 30% 69%
Sp3 dammen 466 376 90 24% 311 237 74 31% 82%
Sp3 kannan 551 408 143 35% 333 249 84 34% 59%
Sp4 dammen 571 518 53 10% 334 305 29 10% 55%
Sp4 kannan 663 546 117 21% 351 305 46 15% 39%
NP]] mean 21% 23% 63%

In general, the mean word durations are considerably longer when focused. The grand mean
across all positions reveals that focused words are about 25% longer than non-focused (cf.
Eefting, 1991). There are no apparent differences between the acute and grave words
included in the material, but, a closer inspection of the data shows that the amount of length-
ening varies with speaker and with position in the syntactic structure (cf. Cooper, et al.,
1985). The interspeaker variation is considerable, e.g. ÔmannenÕ is lengthened by 4% by
Speaker 4 and by 45% by Speaker 1. Comparing different positions in the sentence, we
observe that Ôt�mmerÕ produced by the same Speaker 1 is lengthened by 27%.

The data also reveal that both syllables contribute to the lengthening of the word, even
though most of the lengthening is found in the stressed syllable (cf. Eefting, 1991, Fant, et
al., 1991, Sluijter and van Heuven, 1995, Turk and Sawusch, 1997, Turk and White, 1997).
Moreover, the proportion of the lengthening of the word that comes from the stressed sylla-
ble (as expressed by the ∆σ/∆W-column in Tables 2 a-c) also seems to vary with speaker and
position in the syntactic structure, e.g. Speaker 1 has lower values for the first NP than the
other speakers whereas the values for the verb and the second NP are similar to the others’.

The variation in the data found in Tables 2 a-c seems to have two sources. One such source
is plain speaker differences. Some speakers apparently lengthen words in focus more than
others. The other perhaps more interesting source of variation is the interaction of speaker
and position in the syntactic structure. Speaker 1 treats the first NP differently than the other
speakers. The first NP is substantially lengthened, 45%-46%, but only 53%-55% of the
lengthening comes from the stressed syllable. We believe that these data reflect a strategy to
make the focused word more prominent by inserting a boundary after the word. One means
of realizing this boundary is final lengthening in the unstressed syllable, and this would
explain the relatively low values in the ∆σ/∆W-column. We also believe that this strategy is
determined by the syntactic structure as it occurs in the first NP but not in the verb. It is



possible to insert a prosodic boundary after the first NP, as this is also the NP-VP boundary.
There is no boundary after the verb since this would split the VP into two parts. There is
always a boundary after the second NP, and there is probably some final lengthening even in
the non-focal versions of the second NP. We believe that this is why the values in the
∆σ/∆W-column are somewhat higher in the second NP compared to the first NP but still
lower than in the verb.

Conclusions
To conclude, this production study shows that lengthening is a common but perhaps optional
(Sautermeister and Eklund, 1997) correlate of focus. Focused words are about 25% longer
than non-focused in general in our data, but there are great differences between speakers and
between positions in the syntactic structure. There is no way to decide either the left or the
right edge of the domain of focal lengthening from the present data, but it includes at least
the stressed syllable. As the unstressed syllable may also contribute to the lengthening of the
word it seems reasonable to include it in the domain of lengthening as well. We also believe
that insertion of a prosodic boundary after the focused word is a way of making it more
prominent and hence part of the signalling of focus.

Future work
Future work on the temporal effects of focus will deal with the amount and domain of
lengthening in words of more than two syllables. Some preliminary observations are
reported in Strangert and Heldner (1998, this volume). Future work will also include analy-
ses of segmental lengthening within the stressed syllable, as well as examination of longer
utterances by Speaker 1 to verify the focal final lengthening at syntactic constituent
boundaries.
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