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Introduction
Previous studies of lengthening patterns in focal accented Swedish words have shown that
the segments within the words are not lengthened in a linear fashion (e.g. Bannert, 1979;
Fant, Kruckenberg, & Nord, 1991; Heldner & Strangert, forthcoming). The non-linear
lengthening patterns are most apparent within stressed syllables with a phonologically short
vowel followed by a long consonant (due to the complementarity in Swedish between the
vowel and the following consonant within the stressed syllable). These short vowels were
only marginally affected by focal accents, while the following long consonants were
lengthened considerably.

However, it is not altogether obvious why the lengthening of segments within a stressed
CVC:-syllable should be non-linear in the way described above. A linear time expansion of
all segments within the focused word would still preserve the distinction between the
phonologically long and short segments within the stressed syllable. Instead, the durational
contrast between the vowel and the consonant is sharpened by these non-uniform
lengthening patterns.

The present paper attempts to investigate experimentally whether these non-linear
lengthening patterns, and the sharpening of durational contrasts they result in, are important
for the perceived naturalness of focal accented words with short vowels in the stressed
syllables.

Method
As the main question in this paper pertain to the perceived naturalness of non-linear
lengthening patterns, the primary part of the investigation was a perceptual experiment.
However, prior to this, production data were collected to serve as a model for the stimuli to
be used in the perceptual experiment. To this end, six three-word sentences were
constructed, in which the middle words (the test words) were disyllabic verbs with stress on
the first syllable. The stressed syllable contained a phonologically short vowel followed by a
long consonant (Table 1).

Table 1. Sentences used to collect production data.

Mannen dricker vinet. Mannen grillar köttet.
Mannen klipper persilja. Mannen gräddar brödet.
Mannen knäcker äggen. Mannen pressar citronen.

There were two versions of each sentence, as focal accents were elicited in either the middle
or the final word. Thus, the test words occurred in focal and non-focal (pre-focal) position.
One male speaker (the author) read each of these sentences six times. Subsequently, the



durations of all segments in all sentences were measured, and the amount of focal accent
lengthening for each segment of the test words, as well as for the whole test words, was
determined. In addition, a set of F0 turning points associated with word and focal accents
and boundary tones was measured. These measurements were used to model the stimuli in
the perceptual experiment to be described next.

In this experiment, listeners were asked to compare pairs of synthesized sentences, where the
amount of lengthening of the focused word was the same, while the distribution of this
lengthening differed. One test word in each pair reflected the non-linear lengthening patterns
observed in the production data. The other test word in the pair contained a linear
lengthening of all segments relative to the segment durations for the non-focal words, that is,
all segments within the word were lengthened by the same percentage. The context, that is,
the initial and final words, was kept constant within each pair. The segmental durations and
the F0-contours within the context were modeled after the production data from sentences
with focus on the test word. Moreover, the F0-contour within the test word was also kept
constant. In all, twelve stimuli were prepared using WaveSurfer (Sjölander & Beskow, 2000)
with a text-to-speech plug-in using an mbrola voice.

Eleven native speakers of Swedish participated in the perception experiment. They were
given the forced choice task to judge whether the first or second sentence in each pair
sounded the most natural. The order of presentation, that is whether the linear or non-linear
version occurred first in the pair, was random. Also, the pairs were presented in random
order. Each listener judged each pair ten times. The data were analyzed in Chi-square tests;
one test for each target word.

Results and discussion
Figure 1 shows the production data collected; segment durations for each of the test words in
focal (indicated by filled circles) and non-focal (empty squares) position. Table 2 shows the
corresponding word durations as well as the amount of focal accent lengthening.

Table 2. Mean word durations (in ms) and standard deviations within parentheses for the
test words in focal and non-focal position and the amount of focal accent lengthening.

dricker klipper knäcker grillar gräddar pressar
focal 516 (13) 514 (22) 571 (19) 524 (13) 523 (10) 506 (16)
non-focal 340 (11) 325 (10) 400 (8) 383 (16) 360 (25) 360 (6)
%lengthening 52% 58% 43% 37% 45% 41%

It is obvious from Figure 1 that the focal accent lengthening within stressed syllables with
short vowels was not linear. In general, short vowels were lengthened relatively less and
following long consonants more than the word as a whole.

In addition to showing production data, Figure 1 presents a linear lengthening (indicated by
empty triangles) relative to the segment durations in non-focal position using the amounts of
focal accent lengthening in Table 2. Thus, Figure 1 also describes some of the temporal
aspects of the synthetic stimuli used in the perceptual experiment. The segment durations in
focal position (filled circles) and the linearly lengthened segments (empty triangles) were
used to model the stimuli for this experiment.
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Figure 1. Mean segment durations (in ms) for each of the target words in focal and non-
focal position and a linear lengthening relative to the segment durations in non-focal
position. C1=first consonant, C2=second consonant, V1=first vowel etc.

Turning now to the results of the perception experiment, Table 3 shows the observed
frequencies across all listeners for linearly and non-linearly lengthened stimuli respectively,
judged to be more natural than the other sentence in a pair. It is obvious that there was a
preference for stimuli with non-linear lengthening and the Chi-square tests across all
speakers are significant for all test words except grillar: [dricker: χ2(1, N=110)=44.54,
p<.01; klipper: χ2(1, N=110)=44.54, p<.01; knäcker: χ2(1, N=110)=37.24, p<.01; grillar:



χ2(1, N=110)=2.33, p=.13; gräddar: χ2(1, N=110)=47.13, p<.001; pressar: χ2(1,
N=110)=26.51, p<.001]. Moreover, the non-significant Chi-square test for grillar is
probably due to the small durational differences between the linear and non-linear versions
(cf. Figure 1).

Table 3. Frequencies across all listeners of linearly and non-linearly lengthened stimuli
judged to be more natural than the other sentence in a pair.

dricker klipper knäcker grillar gräddar pressar Totals
linear 20 20 23 47 19 28 157
non-linear 90 90 87 63 91 82 503
Totals 110 110 110 110 110 110 660

However, a closer look at the results reveals that two of the listeners showed no preference
for either non-linear or linear lengthening. After the experiment, these listeners also reported
that they did not notice any differences between the two versions in each sentence pair.
Thus, not all listeners were sensitive to the durational variations.

Nevertheless, a majority of the listeners were sensitive to the durational differences they
were exposed to during the experiment. These listeners preferred a non-linear lengthening to
a linear expansion of all segments (at least in Swedish words with short vowels in the
stressed syllable). Thus, most of the listeners preferred the kind of lengthening patterns
previously found for this type of Swedish words (e.g. Bannert, 1979; Fant et al., 1991;
Heldner & Strangert, forthcoming).

However, the present study cannot explain why there was a preference for the non-linearly
lengthened words. The non-linear lengthening results in a sharpening of the contrast between
short and long segments within the stressed syllable and this is probably important
somehow. Additional experiments are needed to decide whether the short vowels became too
long or the long consonants became too short (or both) in the linearly lengthened stimuli. In
any case, a linear time expansion of the entire word is neither an appropriate description of
focal accent lengthening in Swedish from a production nor from a perceptual perspective.
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