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Abstract. This study examines the perception of prominence in speech signals by listeners who are native speakers of 
Swedish. It represents a continuation of earlier research dealing with perception of prominence by native speakers of 
English and Estonian (Lehiste and Fox, 1992). The stimuli consisted of the synthesized token [bo a] at a constant fundamental 
frequency. The basic stimulus token was 400 ms in duration. Listeners heard sequences of four stimulus tokens with an 
inter-token interval of 120 ms. One token in each sequence could be lengthened to 425, 450, 475 or 500 ms. Either the same 
or a different token could be simultaneously increased in amplitude by 3 or 6 dB. Changes in duration and amplitude were 
independent. Listeners were required to indicate which token was "most prominent". The data show that Swedish listeners, 
like Estonian listeners, were more responsive to duration cues than were English listeners. However, Swedish listeners were 
not as sensitive to duration as Estonian listeners when the longer token was in the fourth position, possibly because Swedish 
listeners expect pre-boundary lengthening (a factor that seemed to have a very significant effect upon the English listeners). 
In general, these results support the hypothesis that the prosodic structure of a listener's native language can significantly 
influence his perception of suprasegmental stimuli. 

Zusammenfassung. Hier wurde die Erkennung der Prominenz in Sprachsignalen durch in Schweden gebiirtige H6rer und 
Redner untersucht. Diese Untersuchung entspricht der Fortsetzung einer vorhergehenden Untersuchung fiber die Erken- 
nung durch Redner aus England und Estland (Lehiste und Fox, 1992). Die Stimuli waren synthetische Versionen yon [boa] 
bei konstanter Grundfrequenz. Der Basisstimulus hatte eine Dauer von 400 ms. Die H6rer h6rten Folgen mit 4 Stimuli mit 
einem Intervall von 120 ms zwischen jedem Stimulus. In jeder Folge konnte einer der Stimuli auf 425, 450, 475 oder 500 ms 
verl~ingert werden. Die Amplitude dieses verl~ingerten Stimulus oder eines anderen konnte ebenfalls um 3 oder 6 dB 
vergr6Bert werden. Die ,atnderungen der Dauer und der Amplitude waren unabh~ingig. Die H6rer muBten angeben, welcher 
Stimulus der "prominenteste" war. Die Daten zeigen, dab die schwedischen H6rer, wie auch die HBrer aus Estland, fiir die 
Angaben der Dauer empf'~inglicher sind als die englischen H6rer. Aber die schwedischen H6rer waren nicht so empfindlich 
betreffs der Dauer wie die H6rer aus Estland, wenn der lange Stimulus an vierter Stelle lag; vielleicht erwarten die 
schwedischen H6rer eine Verl~ingerung der Vorgrenze (dieser Faktor scheint bei den englischen H6rern ausschlaggebend zu 
sein). Im allgemeinen unterstiitzen diese Ergebnisse die Hypothese, nach der die Struktur der Betonung in der Mutter- 
sprache des H6rers seine Aufnahme von segmentiiberschreitenden Ereignissen stark beeinflussen kann. 

R~sum~. Cette 6tude examine la perception, par des auditeurs-locuteurs su6dois natifs, de la prominence dans les signaux de 
parole. Elle correspond ~ la poursuite d'une recherche ant&ieure consacr6e ~ la perception de la prominence par des 
locuteurs de langue maternelle anglaise et estonienne (Lehiste et Fox, 1992). Les stimuli &aient des versions synth&iques de 
[boa] ~ fr6quence fondamentale constante. Le stimulus de base avait une dur6e de 400 ms. Les auditeurs entendaient des 
s~.quences de 4 stimuli avec un intervalle inter-stimulus de 120 ms. Duns chaque s6quence, Fun des stimulus pouvait &re 
allong6 pour atteindre 425, 450, 475 ou 500 ms. L'amplitude de ce m~me stimulus ou d'un autre pouvait 6galement ~tre 
augment6e de 3 ou 6 dB. Les modifications de dur6e et d'amplitude 6taient ind6pendantes. Les auditeurs devaient indiquer 
quel stimulus 6tait "le plus pro6minent". Les donn6es montrent que les auditeurs su6dois, comme les auditeurs estoniens, 
sont plus r6ceptifs aux indices de dur6e que les auditeurs anglais. Toutefois, les auditeurs su6dois n'&aient pus aussi 

016%6393/93/$06.00 © 1993 - Elsevier Science Publishers B.V. All rights reserved 



150 I. Lehiste, R.A. Fox / Perception of prominence 

sensibles ?~ la dur6e que les auditeurs estoniens quand le stimulus long 6tait en quatri~me position, peut-~tre parce que les 
auditeurs su6dois s'attendent ~ un allongement pr6-fronti~re (un facteur qui semble avoir un effet tr~s significatif sur les 
auditeurs anglais). En general, ces r6sultats soutiennent l'hypoth~se suivant laquelle la structure prosodique de la langue 
maternelle de l'auditeur peut influencer significativement sa perception des 6v6nements suprasegmentaux. 

Keywords. Speech prominence; speech perception; perception of prosody. 

1. Introduction 

This paper constitutes a continuation of our 
exploration of the relationship between language 
background of listeners and their perception of 
suprasegmental distinctions. In previous studies 
(Fox and Lehiste, 1987, 1989; Lehiste and Fox, 
1992) we have explored the perception of dura- 
tion ratios by speakers of Estonian and English, 
and the role of duration and intensity in the 
perception of prominence by the speakers of Es- 
tonian and English. The hypotheses tested in the 
latter series of experiments included the follow- 
ing: (a) listeners who are native speakers of a 
stress language or a quantity language differ in 
significant ways in their perception of duration 
and amplitude, (b) speakers of a language whose 
phonological system includes distinctive quantity 
are more sensitive to durational differences, and 
(c) the differences between the two groups are 
related to differences between the prosodic struc- 
ture of the two languages. The 1992 study gave 
support to each of these hypotheses. 

The study reported in this paper continues our 
investigation of the effect of language back- 
ground on the extent to which listeners utilize 
duration or amplitude cues in making promi- 
nence judgments about CV tokens. In particular, 
this experiment compares the performances of a 
group of Swedish listeners with previously ob- 
tained data from English and Estonian listeners, 
described in (Lehiste and Fox, 1992). Swedish is 
similar to English in that it is a Germanic lan- 
guage and shares features of stress-timing with 
English, but it is similar to Estonian insofar as 
Swedish uses contrastive syllable duration within 
its accentual system. The methodology used in 
carrying through the Swedish tests was identical 
to that used in the previous experiment, and the 
same test tape was used in all three cases. In each 
experimental trial, listeners heard a sequence of 
four syllables. Within a sequence, all syllables 

could be of the same amplitude with one of the 
tokens longer in duration; one of the syllables 
could have increased length and amplitude (by 3 
or 6 dB); or one of the syllables could be higher 
in amplitude while a different token was longer. 
Since both duration and amplitude contribute to 
perceived prominence, it was expected that si- 
multaneous enhancement of duration and ampli- 
tude on the same token would dramatically in- 
crease the number of times that token would be 
identified as most prominent. 

Crucially important for determining the rela- 
tive importance of duration and amplitude are 
trials in which these two cues provide conflicting 
information - that is, those cases in which one 
token is longer than the three other tokens, but a 
different token is the loudest of the four. The 
longer token in a sequence will be called here- 
after the target token. 

2. Methodology 

Stimuli. The stimulus sequences were gener- 
ated from a basic CV monosyllable [b.a] created 
with the Klatt cascade software synthesizer (Klatt, 
1980). The basic token was 400 ms in duration 
with 40 ms formant transitions and a 360 ms 
steady state vowel, synthesized on a monotone F 0 
of 115 Hz. The frequencies of F1, F 2 and F 3 
began at 500, 1020 and 2250 Hz, respectively, and 
changed linearly to 700, 1220 and 2600 Hz, re- 
spectively, at the end of the transition, where 
they remained for the rest of the duration of the 
token. The frequencies of F 4 and F 5 remained at 
3300 and 4500 Hz, respectively, throughout the 
token. No attempt was made to synthesize a 
prevoiced closure prior to the formant transi- 
tions, so phonetically the initial consonant could 
be characterized as an unvoiced stop with 0 msec 
voice onset time ([,b]). 

During the experimental trials listeners heard 
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Table 1 
Summary of the experimental manipulations present in the 
stimulus sequences 

Number of Description of stimulus sequence 
sequences 

1 All tokens of equal duration and amplitude 
4 All tokens of equal duration, a token in one 

of 4 positions is increased by 3 dB 
4 All tokens of equal duration, a token in one 

of 4 positions is increased by 6 dB 
16 All tokens of equal amplitude, a token in 

one of 4 positions is increased in duration to 
425,450, 475 or 500 ms 

48 A token in one of the 4 positions is in- 
creased in duration (to 425, 450, 475 or 500 
ms) while a different token is increased in 
amplitude to 3 dB 

48 A token in one of the 4 positions is in- 
creased in duration (to 425, 450, 475 or 500 
ms) while a different token is increased in 
amplitude to 6 dB 

16 A token in one of the 4 positions is in- 
creased in duration (to 425, 450, 475 or 500 
ms) and amplitude (3 dB) 

16 A token in one of the 4 positions is in- 
creased in duration (to 425, 450, 475 or 500 
ms) and amplitude (6 dB) 

153 Total different stimulus sequences 

four tokens in sequence with a constant silent 
interstimulus interval (ISI) of 120 ms. One token 
of each sequence could be lengthened from the 
basic duration of 400 ms to 425, 450, 475 or 500 
ms, a n d / o r  one token (not necessarily the same) 
could be increased in overall amplitude by 3 dB 
or 6 dB. These independent manipulations re- 
suited in 153 different trials (as summarized in 
Table 1). Each of these trials occurred twice in 
random order for a total of 306 experimental 
trials. 

Increases in duration were accomplished by 
lengthening only the steady state portion of the 
vowel. The duration of all [boa] tokens was within 
the range of possible durations of Estonian 
monosyllabic words, all of which are of overlong 
quantity. Thus the Estonian listeners were mak- 
ing prominence judgments rather than making 
phonemic decisions between long and overlong 
quantity. Between trial sequences there was an 
interval of 3.5 s. 

Subjects. The subjects in the current study were 
27 native speakers of Swedish in Stockholm. The 

subjects used in (Lehiste and Fox, 1992) include 
33 native speakers of English and 40 native 
speakers of Estonian. All listeners participated as 
paid volunteers and were naive as to the experi- 
mental variables being manipulated and as to the 
goal of the experiment. 

Procedure. On each trial a listener heard a 
sequence of four [boa] tokens and was required to 
indicate which of the four tokens was most 
"prominent"  by circling one of four numbers on a 
prepared response form. Listeners were not in- 
structed as to what criteria (e.g. loudness, dura- 
tion) to use in their prominence judgments. Oral 
and written instructions were given in the native 
language of the subjects. 

3. Results and discussion 

As noted above, since both duration and am- 
plitude contribute to perceived prominence, it 
was expected that simultaneous enhancement of 
duration and amplitude on the same token would 
dramatically increase the number of prominent 
responses to the target token. This expectation 
was confirmed. For all three language groups, 
when a syllable had both longer duration and 
greater amplitude it was usually perceived (85 to 
97% of the time) as the most prominent token. 
However, the most crucial data for our purposes 
involve prominence judgment of those sequences 
in which the target token did not receive any 
amplitude increase (and may provide competition 
between duration and amplitude cues). Thus the 
following analyses do not include those data in 
which the target token was simultaneously in- 
creased in amplitude and duration. 

In the initial analyses the data were not bro- 
ken down by token position because each listener 
would then be contributing only two data points 
in each cell. Table 2 shows the mean percentages 
of "prominent"  responses to the target token in a 
trial as a function of its duration and of the 
amplitude of the other three tokens (all at 0 dB 
or one of the three at 3 or 6 dB). These data were 
analyzed using a three-way, repeated-measures 
analysis of variance with the between-subject fac- 
tor language group and the within-subject factors 
target duration and non-target amplitude. 
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Table 2 
Mean percentage of "prominent" responses from each of the 
three language groups broken down by duration and ampli- 
tude. In each case, the target token (the longer token) and 
two of the other three had 0 dB amplitude. The amplitude of 
the fourth token was either 0, 3 or 6 dB 

Amplitude Duration (ms) 

425 450 475 500 

Estonian listeners 
0 dB 35.2 50.3 61.8 70.3 
3 dB 8.7 15.7 22.0 23.2 
6 dB 2.2 4.0 7.0 10.2 
English listeners 
0 dB 25.9 36.6 51.0 58.1 
3 dB 4.5 8.1 14.2 20.3 
6 dB 1.4 3.4 5.5 9.8 
Swedish listeners 
0 dB 32.3 40.2 59.4 72.9 
3 dB 6.5 11.4 22.1 31.5 
6 dB 2.5 5.8 8.3 15.4 

As can be seen from Table 2, increases in 
duration resulted in gradually increasing numbers 
of prominence judgments for all groups of listen- 
ers. However, increases in the amplitude of a 
non-target token (to 3 or 6 dB) produced signifi- 
cantly fewer "prominent" responses to the target 
token IF(2, 194) = 514.7, p < 0.001]. When all to- 
kens were presented at 0 dB, the longer was 
identified as "prominent" 49.8% of the time, on 
average. However, when the amplitude of one of 
the non-target tokens was increased to 3 or 6 dB, 
the percentage of "prominent" responses fell to 
15.7% or 6.2%, respectively. In these sequences, 
the higher-amplitude non-target token was iden- 
tified as "prominent" the majority of the time. 

Native language of the listener also had a 
significant effect upon the pattern of "prominent" 
responses [F(2, 97) = 5.00, p < 0.01]. A post-hoc 
Scheffe test showed no significant difference be- 
tween the percentage of "prominent" responses 
by the Swedish (25.7%) and Estonian (25.9%) 
listeners, but both these groups differed signifi- 
cantly from the English listeners (19.9%). 

As expected, the duration of the target-token 
also had a significant effect upon the number of 
"prominent" responses IF(3, 291) = 136.6, p < 
0.001]. When duration was increased (to 425, 450, 

475 and 500 ms), the percentage of "prominent" 
responses correspondingly increased (to 13.4%, 
19.8%, 28.0% and 34.5%, respectively). 

There was a significant language by amplitude 
interaction [F(4, 194) = 3.84, p < 0.005]. Again, 
the pattern of responses from the Swedish listen- 
ers (51.2%, 17.9% and 8.0% "prominent" re- 
sponses in the 0, 3 and 6 dB conditions, respec- 
tively) were very similar to those of the Estonian 
listeners (54.4%, 17.4% and 5.9%, respectively). 
However, although English listeners had a per- 
centage of "prominent" response in the 6 dB 
condition similar to that of the other two listener 
groups (5.0%), they had significantly fewer 
"prominent" responses in the 0 and 3 dB condi- 
tions (42.9% and 11.8%, respectively). 

A significant interaction between amplitude 
and duration was also obtained [F(6, 582)= 
39.5, p < 0.001]. This effect merely demonstrated 
that the effect of target token duration was great- 
est when all tokens in the sequence had the same 
amplitude (0 dB). This duration effect was signifi- 
cantly reduced in the 3 dB and 6 dB conditions. 
This demonstrates that the listeners did not de- 
pend exclusively upon the duration cue (ignoring 
token amplitude) in making the prominence deci- 
sion. Conversely, the residual effect of duration 
in the 3 dB and 6 dB condition shows that the 
amplitude cue was not completely dominant ei- 
ther. 

In contrast to (Lehiste and Fox, 1992), the 
language by duration interaction was found to be 
significant [F(6, 291) = 3.6, p < 0.002]. This was 
obtained because the increase in "prominent" 
responses as a function of duration increases (to 
425, 450, 475 or 500 ms) was more abrupt in the 
Swedish responses (13.8%, 19.1%, 29.9%, 39.9%) 
than in the Estonian responses (15.3%, 23.3%, 
30.3% and 34.6%) or the English responses 
(10.6%, 16.0%, 23.6% and 29.4%, respectively). 
The amplitude by duration by language interac- 
tion was not significant [F(12, 582) = 1.22]. 

Table 3 shows results from the 0 dB condition 
for each language group broken down by the 
duration and the position of the target token in 
the trial sequence. To examine effects of target 
position on "prominent" responses, these data 
were analyzed using a three-way, repeated-mea- 
sures analysis of variance with the between-sub- 
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Table 3 
Mean percentage of "prominent" responses from each of the 
three language groups broken down by duration of the target 
token and sequence position. These data represent responses 
to target tokens when the amplitude of all tokens was 0 dB 

Position of target in Duration (ms) 
trial sequence 425 450 475 500 

Estonian listeners 
First 45.0 53.8 60.0 62.5 
Second 42.5 46.3 72.5 67.5 
Third 20.0 61.3 77.5 80.0 
Fourth 32.5 38.8 36.3 70.0 
English listeners 
First 47.0 60.6 57.6 56.1 
Second 33.3 42.4 62.1 66.7 
Third 16.7 36.4 69.7 81.8 
Fourth 6.1 6.1 13.6 27.3 
Swedish listeners 
First 48.2 48.2 55.6 74.1 
Second 37.0 22.2 57.4 79.6 
Third 24.1 57.4 75.9 79.6 
Fourth 22.2 27.8 46.3 50.0 

ject factor language group and the within-subject 
factors target position and target duration. 

There was a significant effect of target position 
[F(3, 291) = 29.5, p < 0.001], with significantly 
fewer "prominent" responses given to target to- 
kens appearing in final position. In particular, 
target-tokens in position 1, 2 and 3 were identi- 
fied as "prominent" 55.6%, 53.0% and 56.8% of 
the time, respectively, but target tokens in final 
position were identified as "prominent" only 
32.0% of the time. However, the effect of target 
position was also strongly affected by the native 
language of the listeners as the significant lan- 
guage group by target position interaction 
[F(6, 291) = 3.63, p < 0.002] demonstrates. The 
English listeners showed significantly fewer 
"prominent" responses in final position (55.3%, 
51.1%, 51.1% and 13.3% for position 1-4, re- 
spectively) than either the Swedish listeners 
(56.5%, 49.1%, 59.3% and 36.6%, respectively) or 
the Estonian listeners (55.3%, 57.2%, 59.7% and 
44.4%, respectively). 

There was also a significant target position by 
target duration effect [F(9, 873)= 10.0, p < 
0.001] showing that the effects of position were 
not the same across all different target durations. 
For example, although the percentage of "promi- 

nent" responses increased steadily as target dura- 
tion increased (to 425, 450, 475 and 500 ms) for 
targets in position 2 (38.0%, 38.5%, 65.0% and 
70.5%, respectively) and position 3 (20.0%, 52.0%, 
74.5% and 80.5%, respectively), there was very 
little increase when the target occurred in initial 
position (46.55, 54.5%, 58.0% and 63.5%, respec- 
tively). The percentage of "prominent" responses 
in final position showed a large increase only at 
the longest target token duration (21.0%, 25.0%, 
31.5% and 50.5%, respectively). 

The precise interaction between target posi- 
tion and target duration was somewhat different 
among the three language groups which led to a 
significant language group by target position by 
target duration interaction [F(28, 873)= 2.35, p 
< 0.002]. This interaction is due, in large part, to 
the strong effect of fourth position on English 
listeners. If in the case of four choices the choice 
is made at random, one would expect a 25% 
"prominent" score; English listeners reach a ran- 
dom score only with a 100 msec increase. We 
interpret this to reflect the expectation of the 
English-speaking listener that the fourth token 
(the token preceding the terminal boundary) 
should be longer. In other words, we conclude 
that expectation of pre-boundary lengthening is 
greater for English listeners than for listeners of 
the other two language backgrounds. Swedish 
and Estonian listeners rely more on the objective 
duration of the stimulus in their perception of the 
prominence of the stimulus in fourth position. 
We suggest that this might be due to the fact that 
duration plays a contrastive role in these two 
suprasegmental systems. 

Nevertheless, a small difference between Esto- 
nian and Swedish listeners appears in their ex- 
pectation of preboundary lengthening: the 500 
msec token is identified as the most prominent in 
fourth position by 70.0% of the Estonians and 
50.0% of the Swedes. In this respect Swedish 
listeners tend toward greater similarity with En- 
glish listeners. 

The difference between Swedish and Estonian 
listeners shows up even more in their reaction to 
the 450 msec stimulus. While the reaction of the 
two groups of listeners to the 425 msec stimulus 
is comparable (an average of 35.0% "prominent" 
judgments for Estonians, 32.9% for Swedes), the 
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Estonian listeners' identification of the 450 msec 
token as most prominent is 50.1% as compared to 
38.9% for the Swedes. The reactions of the two 
groups to duration increases of 75 and 100 msec 
are comparable. Thus Estonians show a reaction 
to smaller duration increments and are evidently 
more sensitive to the increase in the duration of 
the stimulus than the Swedes. 

The results of the current study thus provide 
further confirmation of our original hypothesis - 
that the language background of the listener in- 
fluences his perception of suprasegmental stim- 
uli, and that the observed differences can be 
related to the prosodic structures of the language 
involved. 
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