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Abstract
This study concerns prosodic aspects of focus in Central Standard Swedish. The central
problem is the perception of focus and especially the contribution of F0 in the cueing of
focus. A perceptual experiment is designed to investigate the perceptual strength of F0
relative to other possible cues to perceived focus. As a basis for this experiment a
production study is conducted.

It is widely held that focus is signaled mainly by prosodic means and in the production
study, results of measurements of several acoustic attributes as possible correlates of focus
are reported. The effects of focus on F0-movements (word accent falls and focal accent
rises), segment duration, overall intensity and spectral tilt are investigated. The results of
the production experiment show that besides the focal accent rise there are other reliable
acoustic correlates of focus, in particular an increase in duration.

The perception study aims at investigating the perceptual relevance of one of the acoustic
correlates, the focal accent rise. An experiment was conducted using material from the
production study. The perceptual strength of the F0-rise versus all other possible cues to
focus is studied by manipulating the focal acccent rise. It is shown that the focal accent rise
is not a necessary perceptual cue to focus, as focus may be perceived in the absence of an
F0-rise. Moreover, the F0-rise is not a sufficient cue either, since words with an F0-rise
added may be perceived as non-focused. The reported perception experiment is the first in
a series planned to elucidate the perceptual cueing of focus in Central Standard Swedish.

Introduction

Focus, accents and prominence

Speakers use various means to facilitate understanding for the listener, among other things, focusing
the listener’s attention on the most important parts of the message. To put something in focus is a
means of signalling to the listener what part of a message contains new information, or information
otherwise judged to be important by the speaker (Ladd, 1980; Baart, 1987). Focus can be applied to
units of varying sizes, for example to words, to parts of words or to groups of words. The word, the
part of a word or the group of words that is in focus is often made more prominent, that is, standing
out from its environment. The prominence can be brought about by different means. On the one hand,
there are structural means of achieving prominence such as topicalization, clefting, and metrical
structure; these topics will not be addressed in this paper. On the other hand, there is prosodic
prominence, that is, prominence brought about by prosodic means such as assignment of accents,
including focal accents (Bolinger, 1958; Bruce, 1977; Terken, 1991) and a slower speech rate
(Eefting, 1990).

Leaving speech rate and other means of achieving prominence aside for the moment, one function of
accentuation then is to place a linguistic unit in focus. If the focus scopes over a linguistic unit larger
than a word, it is called a ‘broad’ or ‘integrative’ focus, and, if the focus domain is a word or a part of
a word it is called ‘narrow’ focus (e.g. van Heuven, 1994). Focus in different positions of the sentence
and with different scopes may be elicited using pairs of questions and answers. For example, an
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appropriate answer to question (1a) would be (1b) with narrow focus on ‘theater’ whereas the answer
to question (1c) could be (1d) with narrow focus on ‘been’. The answer (1f) to the question (1e)
presents an example of broad or integrative focus. (Capitals indicate the accented syllable and the
brackets the scope of the focus.)

1a. Did you go to the movies tonight?
1b. (No,) I have been to the [THEater].

1c. Did you say you were working at the theater?
1d. (No,) I have [BEEN] to the theater.

1e. What have you done tonight?
1f. I [have been to the THEater].

Accented words may be perceived to differ in ”accent strength”, an accented word may be more or
less prominent than another accented word and we may speak about levels of prominence. When
speaking about focus (or focal accents) we generally refer to the highest level of prominence.
Different models of intonation vary in the number of prominence levels used. For example, the ToBI
system (Beckman and Ayers, 1994) and the IPO model of intonation (t' Hart, et al., 1990) use two
levels of prominence, accented and unaccented.

In the Swedish intonation model (Bruce, 1977; Bruce and Gårding, 1978; Gårding and Bruce, 1981)
three distinct levels of prominence are assumed. “Focused“ is the highest level, the lower levels being
“accented“ and “stressed“, respectively. The system of prominence levels is described as hierarchical,
that is, as built up of layers of prosodic features, rather than as degrees of stress along the same
phonetic dimension. At the lowest level there is the alternation between stressed and unstressed
syllables. A word containing a stressed syllable may or may not be accented: the next higher level of
prominence. There are two word accents, called acute and grave accents (also called accent I and II)
but there is no difference in prominence between the two. Accented words in an utterance may or may
not be focused: the highest level of prominence. In focused words, the word accent is followed by a
focal accent (also called sentence accent). The word and focal accents thus amplify the prominence
given by the stressed syllable and a focused Swedish word contains at least one stressed syllable, a
word accent and a focal accent and the correlates of all three levels of prominence show up within the
focused word.

Acoustic correlates and perceptual cues

We now turn to the acoustic manifestations of focus and their perceptual relevance. In this study, the
distinction between acoustic correlates and perceptual cues is important. ”Acoustic correlates” is taken
to mean the acoustic signaling as produced by the speaker and ”perceptual cues” to mean the acoustic
information relevant for and used by the listener. The distinction is important since the two notions are
not necessarily identical. Beckman, (1986) makes a distinction between stress-accent and non-stress-
accent languages. Stress-accent languages differ from non-stress-accent languages in the degree to
which they use phonetic attributes other than pitch patterns to signal accents. Pitch accents in stress-
accent languages are not only characterized by a pitch movement but also by other phonetic correlates
such as greater duration and loudness whereas accents in the non-stress-accent languages are
characterized by a pitch movement only (Beckman, 1986).

For stress-accent languages (Beckman, 1986) such as English and Dutch, pitch movements and longer
durations are generally proposed as the most reliable perceptual cues (and the most important acoustic
correlates) of accents; loudness (intensity) is often claimed to be of lesser importance and vowel
quality to be the least important (among others: (Fry, 1955; Bolinger, 1958; Fry, 1958; van Katwijk,
1974)). Recently, authors have reconsidered loudness as a cue to stress and accent by using
operationalizations other than overall intensity. Beckman, (1986) uses a measure, temporal
summation, that takes into account both duration and intensity; and Sluijter (1995) measures a high
frequency emphasis or spectral tilt, that is, energy in the high frequency band.

Although Beckman (1986) considers Swedish to be a non-stress-accent language, a recent study
(Nagano-Madsen and Bruce, 1996) has argued that Swedish is both a stress-accent and a pitch-accent
language – non-stress-accent in the terminology used by Beckman (1986) – and that the similarities
between Swedish and languages such as English and Dutch are greater than between Swedish and the
typical non-stress-accent language Japanese. Also, it appears that roughly the same acoustic correlates



and perceptual cues established for Dutch and English are also valid for Swedish. The most consistent
correlate of stress, the lowest level of prominence in Swedish, is longer segmental durations, while
overall intensity appears to play a subordinate role (Fant and Kruckenberg, 1994). It has been
demonstrated in perceptual experiments that word accent distinction, the distinction between acute and
grave, is primarily a tonal phenomenon and that the difference is a matter of timing (cf. Bruce (1977)
and references mentioned therein). The primary correlate of the accent level is a word accent
fundamental frequency fall, timed differently for acute and grave accents (Bruce, 1977). However,
there are authors who claim that only the grave accent has a positively specified F0 correlate and
accordingly that there is reason to treat the acute accent as the unmarked member of the word accent
contrast (Engstrand, 1989; Elert, 1994; Engstrand, 1995). The main correlate of focus is held to be a
focal accent F0-rise (Bruce, 1977) but the accentual gesture is usually accompanied by increased
duration of the actual word (Bruce, 1977), a moderate overall intensity increase, a high frequency
emphasis (spectral tilt), an increasing contrast in vowel-consonant spectrum shape and intensity, and a
local intensity minimum located near the peak of the focal accent rise (Fant and Kruckenberg, 1994;
Fant, et al., 1996). Several authors have reported on decreasing word accent falls with increasing
prominence in acute accented words but increasing word accent falls with increasing prominence in
grave accented words (Fant and Kruckenberg, 1994; Engstrand, 1995).

Perceptual relevance

Having established the acoustic correlates of the different levels of prominence in Swedish, and
especially the correlates of focus, the questions about the perceptual relevance of these correlates
remain to be addressed. A correlate may be necessary, in the sense that it has to be present, for
example for the listener to perceive a word as focused. A correlate may also be sufficient, in the sense
that if it is present, it is enough for the listener to perceive a word as focused. A correlate may also be
both necessary and sufficient, which means that this particular correlate must be present and that no
other correlates need to be present. The same distinctions may also apply to bundles of correlates. For
example, a single correlate may not be sufficient by itself, while it is sufficient in combination with
other correlates. There is also the logical possibility that clearly measurable acoustic correlates may be
of no perceptual relevance. Thus, assuming the focal accent rise to be the most important acoustic
correlate of focus neither implies that it is necessary nor that it is sufficient for the listener in the
perception of focus.

It has been shown that an F0 movement with an appropriate excursion size and time alignment can be
a sufficient cue to accents in English and Dutch (Fry, 1955; Bolinger, 1958; Fry, 1958; t' Hart, et al.,
1990). Moreover, Strangert and Heldner (1994) have reported on cases of perceived focus in Swedish
without the crucial F0-rise, and Strangert and Heldner (1995) found weak correlations between focal
accent excursion size and perceived prominence, indicating that the F0-rise is not a necessary cue.
Thus, even if the focal accent rise is in fact the most important correlate of focus, as assumed, it might
not be a necessary cue and it might not even be a sufficient cue; it could also prove to be just one
among several sufficient cues, each of which may function as a cue to perceived focus.

Outline of the present study

The present study concerns the highest level of prominence in Swedish, the focus level. The central
area of interest is the perception of focus and especially the contribution of the focal accent rise as a
cue to focus. The point of departure is the existence of partly conflicting views on what the cues of
perceived focus are. On the one hand, there is the assumption that F0 is crucial both in the production
and the perception of focus. On the other hand, there are the previously mentioned observations made
by Strangert and Heldner (1994, 1995) indicating that the F0-rise is not a necessary cue to perceived
focus.

As a background for the study of the perception of focus some production data are required. The study
thus consists of two parts: a production and a perception experiment. In the production study, results
of measurements of several acoustic attributes as possible correlates of focus in Swedish are reported,
namely the effect of focus on F0-movements (word accent falls and focal accent rises), on segment
duration, on overall intensity and on spectral tilt. The purpose is to evaluate the reliability of these
acoustic correlates and above all, to collect production data for Central Standard Swedish to be used in



a planned series of perception experiments. In summary, the following questions and hypotheses are
addressed in the first experiment:

(i) Does the excursion size of the focal accent rise and the word accent fall vary with level of
prominence? The focal accent rise was proposed as a correlate of focus by Bruce (1977). The
hypothesis is that focusing a word will prompt the speaker to give it extra prosodic prominence by
adding a focal accent rise after the word accent fall. Variations of the word accent excursion size with
level of prominence have been reported by Fant and Kruckenberg (1994) and Engstrand (1995). The
hypothesis is that focusing a word will result in a larger word accent excursion size in grave words,
and a smaller excursion size in acute words.

(ii) Do the duration, the intensity and the spectral tilt of a word, or parts thereof, change when a focal
accent is realized on that word? Longer duration, a moderate overall intensity increase and a high
frequency emphasis or spectral tilt have all been advanced as correlates of focus (e.g. Bruce, 1977;
Fant and Kruckenberg, 1994). The hypotheses are thus that a focused word will be characterized by
longer duration, a minor overall intensity increase, and a high frequency emphasis or spectral tilt
compared to its non-focused counterpart. Moreover, the effect of spectral tilt is expected to be more
salient than overall intensity.

(iii) Are the acoustic attributes measured to be considered as reliable correlates of focus? A ‘reliable
correlate’ is used here in the strict sense, meaning that the correlate has to be present whenever a
particular level of prominence is used.

The results from the production study form the basis for a planned series of perceptual experiments
and the second part of the study is the first of these. The experiment is designed to study the
perceptual strength of the F0-rise associated with focus versus all other possible cues to focus by
manipulating the focal accent rise. It aims at determining whether the F0-rise is a necessary or a
sufficient cue to perceived focus, or if it is neither necessary nor sufficient. The following questions
and hypotheses are addressed in the second experiment:

(i) Is the focal accent a necessary cue to focus in Swedish? An acoustic attribute, such as the focal
accent rise, is a ‘necessary cue’ to focus if it has to be present in order to make the listener perceive a
word as focused. The hypothesis is that the focal accent rise is not a necessary cue to focus in
Swedish.

(ii) Is the focal accent a sufficient cue to focus in Swedish? A ‘sufficient cue’ to focus is a cue that,
whenever it is present, makes the listener perceive a word as focused. The hypothesis is that an F0-rise
is a sufficient cue to focus as it has been shown to be in English and Dutch.

Production study

Method

Material
The speech material was composed of four pairs of answers and questions similar to those used by
Bruce (1977). The question-answer pairs are shown in Table 1. Four target words, two with acute
accent (benämna and nummer; \b”"n”mna\ and \"nπm”r\) and two with grave accent (anmäla and
nunnor; \a~nm”…la\ and \nπ~nur\) were embedded in two positions (medial and final) in the response
sentences. Depending on the question, either the medial or the final target word was in narrow focus.
The composition thus allows for the comparison of acute and grave, accented and focused words in
medial and final position in the sentence. One male Central Standard Swedish speaker, produced
seven repetitions of the four pairs of questions and answers and accordingly, there is a total of 28 pairs
recorded.



Table 1. The speech material. Target words are underlined, capitals mark focus placement.

Vilka linjära tecken vill man benämna? ‘Which linear signs does one want to name?’
Man vill benämna några linjära NUMMER. ‘One wants to name a few linear numbers.’

Vad vill man göra med några linjära nummer? ‘What does one want to do with a few linear numbers?’
Man vill BENÄMNA några linjära nummer. ‘One wants to name a few linear numbers.’

Vilka lama damer vill man anmäla? ‘Which paralyzed ladies does one want to report?’
Man vill anmäla några lama NUNNOR. ‘One wants to report a few paralyzed nuns.’

Vad vill man göra med några lama nunnor? ‘What does one want to do with a few paralyzed nuns?’
Man vill ANMÄLA några lama nunnor. One wants to report a few paralyzed nuns.’

Acoustic analysis
The acoustic analysis was restricted to the answers of the question-answer pairs. The recordings were
analog-to-digital (A/D) converted (44.1 kHz, 16 bit) and stored on hard disk. Synchronized
oscillograms, broad band spectrograms, F0 plots, overall intensity curves and filtered intensity curves
in two contiguous frequency bands, LP (0-500 Hz) and HP (500 Hz and above) were produced. The
filter cut-off frequencies were taken from a study on spectral tilt where intensity differences were
found to be located mainly above 500 Hz (Sluijter, 1995). F0 was calculated for time frames of 5 ms.
Remaining errors (typically octave jumps) were corrected by hand. To measure F0 movements within
the target words, four measuring points were defined on the basis of the F0 tracings. WA1 and WA2
mark the beginning and the end of the word accent fall. FA1 and FA2 mark the beginning and the end
of the focal accent rise (see figure 1). The F0 intervals between the onset and offset of F0 falls and
rises were measured in semitones. Segment durations of all segments in the target words were
measured after segmentation determined by visual criteria only, that is, abrupt changes in the
amplitude and shape of successive glottal periods. Total word duration was obtained by adding the
duration of the segments. In addition, for each segment, the root-mean-square (rms.) value in decibels
of the overall intensity and the intensity in the LP and HP frequency bands was measured.

Statistical analysis
The statistical analysis included repeated measures designs of analysis of variance. Models were
constructed for each target word and for each type of data, that is, F0-value, segment duration, overall
intensity and spectral tilt. Focus condition occurred as one independent variable in all models and the
second independent variable was either measurement points (for the F0-movements analysis) or
segments (for the duration, overall intensity and spectral tilt analyses), respectively. The models thus
have two main effects (focus condition and measurement point or segments) and one two-way
interaction (focus condition • measurement point or focus condition • segments). Focus condition,
segments and measurement points are all treated as fixed effects. Mean comparison contrasts were
carried out to examine the interactions, more specifically the difference between the two focus
conditions for each level of the other independent variable.

Results

F0-movements
It was expected that focusing a word would prompt the speaker to give it extra prosodic prominence
by adding an focal accent rise after the word accent fall, that is, a relatively high FA2 and a large F0
excursion in the focused compared to the non-focused words. It was also anticipated that no focal
accent rise would be present in the non-focused words. Moreover, it was predicted that focusing a
word will result in a larger word accent excursion size in grave words and a smaller excursion size in
acute words.

Figure 1 presents the interaction between focus condition (focused or non-focused) and measurement
points, and Table 2 the mean word and focal accent excursion sizes for the four target words in two
focus conditions. Figure 1 and Table 2 show mean values based on measurements of seven repetitions
of each word. The interactions in Figure 1 are significant in all four target words (Fbenämna(3,48)=49.08,



p<0.05; Fanmäla(3,48)=72.86, p<0.05; Fnummer(3,48)=113.19, p<0.05; Fnunnor(3,48)=117.18, p<0.05). Cases
where there is a significant difference between the two focus conditions for a particular measurement
point are indicated by asterisks; there are thus significant differences between the focused and non-
focused condition in all measurement points except for WA1 and FA1 of the target word ‘benämna’.
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Figure 1. Mean F0 values (in Hz) with error bars representing ± 1 standard deviation for the
measuring points WA1, WA2, FA1 and FA2 in the target words benämna, anmäla, nummer and
nunnor in two focus conditions, focused [+F] and non-focused [–F]. Asterisks indicate a significant
contrast between the two focus conditions (p<0.05).

Table 2. Mean excursion sizes of F0 movements (in semitones). Word accent falls and focus accent
rises in the four focused and non-focused target words benämna, anmäla, nummer and nunnor. A and
G indicates acute and grave accent; med and fin indicates medial and final position in the sentence.

Target word Word accent

excursion size

Focal accent

excursion size

[+F] [–F] [+F] [–F]

benämna (A, med) 0.75 2.13 4.15 -.15

anmäla (G, med) 6.40 2.82 7.41 .35

nummer (A, fin) 0.21 0.96 4.56 .67

nunnor (G, fin) 4.55 1.17 6.60 .45

As is evident from Figure 1 as well as from Table 2, the focal accent excursion size (FA2–FA1) is
larger in both acute and grave accented focused words in medial and final position as compared to
their non-focused counterparts. The rises found in the non-focused words are small. Moreover, the size
of the word accent fall (WA1-WA2) varies with level of prominence. As can be seen in the bottom
panels in Figure 1 and also in Table 2, the size of the word accent fall is increased in focused, as
compared to non-focused, grave words (anmäla and nunnor), whereas it is decreased in acute words
(benämna and nummer), as can be seen in the top panels in Figure 1 as well as in Table 2.

Another observation is that, although there are significant differences between the two focus
conditions in a majority of the measurement points in the target words in medial position (cf. Figure
1), the two focus conditions are not clearly separated in the frequency domain. It appears that the
medial target words are centered around approximately the same pitch level. In consequence, to
accomplish the greater word accent fall in the focused target word anmäla, the fall has to start higher



and end lower than the corresponding non-focused points. The target words in final position, on the
other hand, are well separated in the frequency domain.

Segment duration
It was expected that the duration of a focused word would exceed that of its non-focused counterpart.
Figure 2 presents the interaction between focus condition and segmental duration, and Table 3 total
word durations and differences between the two focus conditions for the four target words. Figure 2
and Table 3 show mean values based on measurements of seven repetitions of each word. The
interactions in Figure 2 are significant in three out of four target words (Fbenämna(6,84)=10.91, p<0.05;
Fanmäla(5,72)=22.81, p<0.05; Fnummer(4,60)=2.42, p>0.05; Fnunnor(4,60)=3.62, p<0.05). Moreover, the
main effect of focus condition is significant in all four words (Fbenämna(1,84)=71.98, p<0.05;
Fanmäla(1,72)=142.44, p<0.05; Fnummer(1,60)=55.42, p<0.05; Fnunnor(1,60)=60.95, p<0.05). As in the F0
movement analysis, significant contrasts between the two focus conditions for a particular segment are
indicated by asterisks in Figure 2.
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Figure 2. Mean segment durations (in milliseconds) with error bars representing ± 1 standard
deviation for the four target words in two focus conditions. Asterisks indicate a significant contrast
between the two focus conditions (p<0.05).

Table 3. Mean total word durations and standard deviations (in milliseconds) for the four target
words in two focus conditions. The column furthest to the right shows the difference in duration
between the two focus conditions.

Target word Word duration Difference

[+F] [–F]

Mean Std Dev Mean Std Dev

benämna 603 37 499 13 104

anmäla 634 30 476 31 158

nummer 591 28 488 21 103

nunnor 669 26 545 12 124

As is evident from Table 3, Figure 2 as well as the significant main effect of focus condition, all four
words are significantly lengthened in focus. The lengthening is greatest in the grave accented words as
can be seen from the ‘Difference’ column in Table 3. As shown in Figure 2, both vowels and
consonants are lengthened. The lengthening of the grave words anmäla and nunnor mainly affects the



post-stress vowel and the surrounding consonants whereas the acute word benämna is lengthened
mainly in the stressed vowel with surrounding consonants. The acute word nummer is lengthened both
in the stressed and in the post-stressed vowel. One might hypothesize that acute words in focus are
lengthened mainly in the accented syllable, whereas grave words are lengthened in the syllable
following the accented one.

Overall intensity
Only moderate overall intensity differences between focused and non-focused words in medial and
final position were expected. Figure 3 shows the effect of focus on the overall intensity of segments in
the four target words. Figure 3 shows mean values based on measurements of seven repetitions of
each word. The interactions are significant in all target words except anmäla (Fbenämna(6,84)=2.65,
p<0.05; Fanmäla(5,72)=2.07, p>0.05; Fnummer(4,60)=49.79, p<0.05; Fnunnor(4,60)=55.30, p<0.05), but the
main effect of focus condition reached significance in the target words in final position only
(Fbenämna(1,84)=3.38, p>0.05; Fanmäla(1,72)=2.88, p>0.05; Fnummer(1,60)=781.04, p<0.05;
Fnunnor(1,60)=1767.33, p<0.05).
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Figure 3. Mean segment overall intensities (in dB SPL) with error bars representing ± 1 standard
deviation for the four target words in two focus conditions. Asterisks indicate a significant contrast
between the two focus conditions (p<0.05).

The data in Figure 3 and the main effects of focus condition clearly show that the differences between
focused and non-focused words in final position are much more prominent than in medial position. All
segments in the focused words in final position have significantly higher intensities than their non-
focus counterparts. In medial position, there are minor differences in benämna but no significant
differences at all in anmäla. The effects in medial position are minute, and there are even a few
segments (although the differences are not significant) where the focused segment has a lower
intensity than the non-focused one.

Spectral tilt
It was expected that focused words would be characterized by a high frequency emphasis or spectral
tilt, that is, higher intensities in the HP frequency band but not necessarily in the LP frequency band
were expected. Moreover, the effect of spectral tilt was expected to be more salient than overall
intensity. Figures 4 and 5, presenting the interactions between focus condition and segments, show the
effect of focus on the intensity in the HP and LP frequency bands for the different segments in the
target words. Figure 4 shows the target words in medial position and Figure 5 the words in final
position. Figures 4 and 5 show mean values based on measurements of seven repetitions of each word.
Significant contrasts between the two focus conditions for particular segments are indicated by
asterisks.
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Figure 4. Mean segment HP and LP intensities (in dB SPL) with error bars representing ± 1 standard
deviation for the target words in medial position in two focus conditions. Asterisks indicate a
significant contrast between the two focus conditions (p<0.05).
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Figure 5. Mean segment HP and LP intensities (in dB SPL) with error bars representing ± 1 standard
deviation for the target words in final position in two focus conditions. Asterisks indicate a significant
contrast between the two focus conditions (p<0.05).

In medial position, the differences between focus conditions are small. Only the interaction in the LP
band in the target word anmäla in Figure 4 reached significance (FbenämnaHP(6,84)=0.59, p>0.05;
FbenämnaLP(6,84)=1.25, p>0.05; FanmälaHP(5,72)=2.33, p>0.05; FanmälaLP(5,72)=2.50, p<0.05). In addition, an
examination of the contrasts (indicated by asterisks) reveal that only the difference in [l] in anmäla
was significant. In final position, however, the intensities in both the LP- and HP-bands were higher in
focus for a majority of the segments. All four interactions shown in figure 5 are significant,
(FnummerHP(4,60)=2.60, p<0.05; FnummerLP(4,60)=20.04, p<0.05; FnunnorHP(4,60)=17.90, p<0.05;
FnunnorLP(4,60)=12.87, p<0.05). The main effect of focus condition is also significant in all analyses
shown in Figure 5, (FnummerHP(1,60)=38.79, p<0.05; FnummerLP(1,60)=136.99, p<0.05;
FnunnorHP(1,60)=238.92, p<0.05; FnunnorLP(1,60)=335.97, p<0.05). Moreover, the contrasts show



significant differences for most of the segments in nummer and for all segments in nunnor in both the
HP and the LP frequency bands.

Discussion

F0 movements
The results of the production experiment confirm that both acute and grave accented focused words in
medial and final sentence position are characterized by a focal accent F0-rise following the word
accent fall as described by Bruce (1977). As expected, the focal accent rise seems to be a reliable
correlate of focus in acute and grave accented central standard Swedish words. It is a reliable correlate
in the sense that it is present whenever a word is focused, and not present in the non-focused words.
No cases of focused words without an F0-rise were found.

Moreover, accented words were characterized by a word accent fall, timed differently for acute and
grave words respectively, as described by Bruce (1977). However, the description of the acute and
grave word accents as both having positively specified correlates is challenged by the finding that the
word accent excursion size varies with the level of prominence, and that there is a difference in this
respect between acute and grave accented words. It was found that the size of the word accent fall in
grave words increased with increasing level of prominence, while in acute words the word accent fall
decreased in focus. These results are consistent with the results obtained by Fant and Kruckenberg
(1994) and provide support for the view that the acute word accent is the unmarked member of the
word accent contrast (Elert, 1994; Engstrand, 1995). Thus, a larger word accent excursion size seems
to be another reliable correlate of focus in grave words, and a smaller excursion size to be a correlate
of focus in acute words.

Segment duration
According to Bruce (1977) and Fant and Kruckenberg (1994) the focal accent rise is usually
accompanied by increased duration of the focused word. The results obtained in this study fully agree
with those previous observations. Focused words, both acute and grave accented and in both medial
and final position in the sentence, have longer duration than non-focused. The total word duration is
thus a reliable correlate of focus in the material used in this study. Fant and Kruckenberg (1989 and
references mentioned therein) observed that consonants following a stressed vowel tended to be
prolonged more than preceding consonants. No clear tendencies in this direction are found in the
present study but the material used is probably too small to study such relations in a meaningful way.

It was moreover hypothesized that the lengthening of acute words in focus occurs mainly in the
stressed syllable whereas grave words are lengthened mainly in the post-stress syllable. This
difference in lengthening patterns could be a possible cue to the word accent distinction in addition to
the difference in timing of the word accent fall.

Overall intensity
According to Fant and Kruckenberg (1994) an increase in prominence provides only a moderate
overall intensity increase. They also found the intensity patterns to be complex and highly dependent
on the speaker. For example, they found cases with a local intensity minimum located close to the
peak of the focal accent rise. Their conclusion is that intensity plays a subordinate role in
distinguishing different levels of prominence.

In the present study, there was a variation in the differences in overall intensity between focused and
non-focused words associated with position in the sentence. Only minor differences in intensity were
found in medial position in the sentence whereas the differences were much more salient in final
position. As there are speaker-dependent differences and differences dependent on the position in the
sentence, intensity is an unstable correlate of focus. Moreover, a greater overall intensity is not a
reliable correlate of focus in the sense that it is always present in words in focus and not present in
words not in focus.

Spectral tilt
The results of the overall intensity measurements are clearly reflected in the measurements of spectral
tilt. The differences between focused and non-focused words in medial position in the sentence are



modest while they are great in final position. The high frequency emphasis that generally accompanies
the focal accentuation (Fant and Kruckenberg, 1994) was only found in final position. The results thus
indicate that spectral tilt is not a reliable correlate of focus in the strict sense that it is always present in
focused words, as there are significant differences in final position only. Moreover, it was expected
that the spectral tilt would only show up in the intensity in the HP frequency band, but in final
position, in addition to a greater intensity in the HP-band, higher intensity in the LP-band was found
as well. The differences in spectral tilt in final position may thus also be attributed to overall intensity.
But again, the results may also be dependent on the definition of spectral tilt chosen in this study – see
the section Acoustic analysis. For example, a HP cut-off frequency of 1 kHz instead of 500 Hz might
have provided other results.

Final remarks
An additional outcome of the production study is support for the view taken by Nagano-Madsen and
Bruce (1996) that Swedish is both a stress-accent-language and a pitch-accent-language (pitch-accent-
language is called non-stress-accent-language in the terminology used by Beckman (1986)) since
Swedish also uses other attributes than pitch, for example, longer duration, to signal accents. Thus, the
results seem to oppose the classification made by Beckman (1986) where Swedish and Japanese are
classified as non-stress-accent-languages and contrasted with the stress-accent-languages English and
Dutch.

Perception experiment
Before drawing any conclusions from the acoustic data as to how the focused/non-focused distinction
is maintained in Swedish, we must know how listeners perceive the measured differences. For this
reason, the perceptual relevance of one of the differences between focused and non-focused, the focal
accent F0-rise, was explored in a second experiment. The reason for choosing the focal accent rise as
the first correlate to be evaluated in the planned series of perception experiments is the assumption
reflected in the literature to date that an F0-rise is the crucial cue to perceived focus in Swedish
(Bruce, 1977) and to accents in general (e.g. Beckman, 1986). The experiment therefore aimed at
testing the perceptual power of the F0 cueing by varying the size of the F0-rise.

Method

The experiment was based on materials from the production study, using experimental manipulations
of the four answer sentences (Table 1). One of the seven repetitions of each answer sentence was
selected with measured values as close to the mean values as possible. These sentences were then
analyzed and re-synthesized with 5 artificial fundamental frequency contours on the medial target
words, the acute accented benämna and the grave accented anmäla. The manipulations were modeled
on the findings from the production experiment. Two series of stimuli were constructed, one involving
a reduction of the F0-rise in the naturally produced focused words, and the other an addition of an F0-
rise in non-focused words (see Figure 6 for a stylized picture of the manipulations). In the first series,
the size of the F0-rise (FA2–FA1) in the focused words was decreased in 4 equal steps expressed in
semitones. The decrease was accomplished by lowering the end of the focal accent rise (FA2), starting
from the mean FA2 value for focused words and ending with a rise equal in size to the mean F0-rise
for non-focused words observed in the naturally produced sentences. In the second series, the size of
the F0-rise in the non-focused words was increased in 4 equal steps by raising the end of the focal
accent rise, starting with the mean FA2 value for non-focused words and ending with a rise equal in
size to the mean F0-rise for focused words. The steps were about 1 semitone for the target word
benämna and about 2 semitones for anmäla. The total number of stimuli was 20, 5 originally focused
acute accented benämna with the F0-rise gradually removed, 5 originally non-focused benämna with
an F0-rise added, 5 originally focused grave accented anmäla with the F0-rise gradually removed and
5 originally non-focused anmäla with an F0-rise added.
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Figure 6. Stylized picture of the manipulations of the end of the F0-rise (FA2) in the target words
‘benämna’ (top panels) and ‘anmäla’ (bottom panels). Manipulations included gradual lowering of
the end of the F0-rise in focused words (panels to the left) (4 equal steps; semitones) and gradual
raising of the end of the F0-rise in non-focused words (panels to the right) (4 equal steps; semitones).
Thick lines mark original contours.

A test CD was prepared on which the 20 stimuli appeared five times each in random order. Each
stimulus was presented twice, with an interval of 2 seconds between repetitions, and an inter-stimulus
interval of 5 seconds during which judgments were given. 6 subjects, 5 students of phonetics at Umeå
University and their teacher, were recruited to participate in the experiment. All were native speakers
of Swedish. Each subject was presented with the whole test CD, which had a total duration of about 20
minutes including a trial series of 10 representative stimuli. The subjects were not paid for their
services. The subjects were instructed to mark either the medial or the final target word as the most
prominent in the sentence. In addition, the subjects were asked to indicate how confident they were
about their judgment on a scale ranging from 1 to 5 with a higher number indicating a higher degree of
confidence. For subsequent analyses, the judgments were coded in terms of the medial words
(benämna or anmäla) being focused or not. For example, judging the final word to be the most
prominent means one vote for the medial word being non-focused.

Results

It was expected that the focal accent rise would not be a necessary cue to focus but that it would
probably be sufficient. The results for the perception experiment are given in Table 4. The column
furthest to the left shows the target word, whether it is originally focused or not, and the magnitude of
the manipulation in that stimuli. The next two columns show the number of judgments for focused and
non-focused respectively. The column furthest to the right shows the mean confidence rating given by
the subjects.



Apparently the subjects were not very sensitive to the F0-manipulations occurring in the experiment,
as none of the subjects heard the originally focused target words as non-focused when the F0-rise was
decreased or even totally removed. The addition of an F0-rise in the originally non-focused target
words resulted only in a few ratings for focused (13 judgments out of 150 possible for ‘benämna’ and
18 judgments out of 150 possible for ‘anmäla’). An examination of the confidence ratings supports
these results. The subjects gave very high (close to 5) confidence ratings for the originally focused
target words irrespective of the size of the F0-rise. For the originally non-focused target words the
confidence rating decreased slightly with increasing F0-rise. Generally, however, the confidence
ratings point to very small effects of the variations of the F0-rises.

Table 4. Judgments by 6 subjects of the target words in medial position. Number of focused and non-
focused judgments and mean confidence rating (1 low, 5 high rating of confidence) for each stimuli.

Stimuli +F Ratings –F Ratings Confidence rating

‘benämna’ –F original 0 30 4.8

‘benämna’ –F + 1 ST 0 30 4.6

‘benämna’ –F + 2 ST 0 30 4.1

‘benämna’ –F + 3 ST 2 28 3.9

‘benämna’ –F + 4 ST 11 19 3.6

‘benämna’ +F original 30 0 5.0

‘benämna’ +F - 1 ST 30 0 4.8

‘benämna’ +F - 2 ST 30 0 4.8

‘benämna’ +F - 3 ST 30 0 4.9

‘benämna’ +F - 4 ST 30 0 4.8

‘anmäla’ –F original 2 28 4.7

‘anmäla’ –F + 2 ST 0 30 4.5

‘anmäla’ –F + 4 ST 2 28 4.2

‘anmäla’ –F + 6 ST 5 25 3.7

‘anmäla’ –F + 8 ST 9 21 3.8

‘anmäla’ +F original 30 0 4.9

‘anmäla’ +F - 2 ST 30 0 4.8

‘anmäla’ +F - 4 ST 30 0 4.8

‘anmäla’ +F - 6 ST 30 0 4.8

‘anmäla’ +F - 8 ST 30 0 4.5

Discussion

The results of this perception experiment indicate that the F0-rise is not a necessary cue to perceived
focus, since listeners may perceive words as focused even though the F0-rise is completely removed.
This finding is not very surprising, as it appears to be possible intuitively to signal differences in
prominence even in whispered speech where there is no fundamental frequency present. Moreover, it
is a matter of decision whether the F0-rise should be judged as a sufficient cue by itself. A majority of
the subjects perceived the originally non-focused words as non-focused even when there was an F0-
rise added that was equal in size to the rises found in focused words. Obviously, it is not sufficient just
to add an F0-rise to make subjects perceive words as focused when there are conflicting cues present.
The F0-rise is thus not a cue strong enough to outweigh other cues.

But where does that leave us? The focal accent rise is not a necessary cue and it is not a sufficient cue,
at least not sufficient by itself. One reasonable interpretation is that there are other important cues and
that the focal accent rise is not such a strong cue that it overrides other conflicting cues.



Also one might ask if we have been concentrating too long on local features of the signaling of focus.
Possibly, there are also global features of the sentence such as the slope of declination before and after
the focused word, the F0 position relative to the speaker’s pitch range or signaling of phrasing that
might affect the perception of focus. These questions will be given more attention in future research.

Conclusions
In summary, it appears from the production study that a marked focal accent rise as well as segment
lengthening are reliable correlates of focus in both medial and final sentence position in Swedish. The
size of the word accent fall might also be a correlate, but with opposite effects in acute and grave
words. The effects of overall intensity and spectral tilt seem to be restricted to final position and they
are therefore not to be considered as reliable correlates of focus.

The perception experiment was restricted to manipulations of the F0-rise assumed to be the main
perceptual cue to perceived focus according to previous studies of Swedish. The conclusion following
from this experiment is that the F0-rise is not a necessary cue to perceived focus. Even if the F0-rise is
removed completely, the remaining cues are sufficient for the listener to perceive the word as focused.
Furthermore, it seems that the F0-rise is not by itself a sufficient cue to perceived focus for all
listeners as most participants perceived words as non-focused even with an insertion of an F0-rise.
This is taken to indicate that there are other important, local and/or global, cues to perceived focus.

In addition to the focal accent rise in medial position in the sentence explored in this study, further
experimentation will involve collecting production data from more speakers and also testing the
perceptual relevance of other local acoustical correlates such as the focal accent in final position in the
sentence, the word accent fall and segment durations. Furthermore, potential correlates of a more
global type will be explored and perceptually evaluated.
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