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ABSTRACT 

Using the semantic differential technique, form and 
meaning features of prosodic accent contours are investi- 
gated. Intonational peaks of German are looked at. Two 
series of contours derived from a single-accent utterance 
were judged by groups of about 40 listeners each. For the 
judgements eight semantic scales were selected. They were 
presented in couples of one heard stimulus and one rating 
scale. By multidimensional semantic analysis parallel to an 
acoustic stimulus continuum, basic intonational meaning 
contrasts were shown. But there were further aspects: In 
order to comprehend the form and meaning of intonational 
accent contours, not only such features as the position of F0 
peaks (and valleys) must be considered, but also the time 
shape of the contours, this time shape being expressed by 
the distribution of high and low pitch information across 
the accent contour and by durational factors. Concerning 
durational effects, the duration variation before and after 
the accented vowel onset must be treated separately. The 
results show that the semantic differential is a suitable 
device for hypothesis driven research on intonation. 

1. INTRODUCTION 

1.1 The semantic differential as a technique of 
intonation research  

Semantic differentials [6] have only rarely been used in 
intonation research, e.g. by Uldall [7;8] who showed that 
they can give a comprehensive picture of the basic 
dimensions of intonational meaning. But beyond this, the 
semantic differential technique may be elaborated to be- 
come an instrument which contributes to a specific analysis 
of the formal and functional properties of intonational 
patterns, the analysis being driven by hypotheses. The 
multidimensional classification provided by the semantic 
differential will be all the more effective if linguistic 
concepts can be reflected in the selection of the rating 
scales. The applicability of the semantic differential as an 
instrument of intonation research is shown here with a 
selected topic. 

1.2  A test of application: Variation of intonational 
peaks  
A series of contours is looked at which has been produced 
by the systematic variation of a German single-accent 
utterance. All patterns in this series contained an accent 
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 F0 peak followed by a terminal pitch drop. The peak 
n is shifted with regard to the accented vowel onset 
ur shift paradigm). It thus passes several melodic 
ypes which can be described through models of 
an intonation (e.g. the early, medial, and late peaks of 
iel Intonation Model (KIM) [2], the H+L*, H+!H*, 
+H*, L*+H pitch accents in GToBI [1]). The 
nces between the resulting contours are to be 

yed semantically. 

ver, the alignment of F0 maxima is more or less 
y connected with further features of accent contours 
 contribute to meaning and thus must be accounted 
an experimental design. They can be brought together 
 the notion of F0 time shape. Features to be 
ered are: (1) the lengthening by stretching the 

ns, (2) the lengthening by strengthening the high pitch 
n of contours (cf. the communicative impact of the 
ow dimension in the sense of Ohala's frequency code 
(3) duration lengthening at structurally different 

, i.e. mainly before or after the accented vowel onset. 

ll contour types and melodic characteristics just 
oned, semantic effects can be predicted [3], such as 
nalling of a closed or non-closed argumentation, the 

ng of an information as new or known or as contrary 
ectation,  the expression of the speaker's attitudes, the 
fication of temporal discontinuity within the utterance 

2. METHOD 

uditory stimuli  
e construction of listening stimuli for the semantic 

ment task, the utterance Heute morgen, "This mor- 
 was used. The utterance was produced by a male 
er of Northern Standard German (Kiel) and realized 
 medial F0 peak (in the sense of KIM) located on the 
ted syllable mor. From this contour a triangular F0 
n was derived (using PRAAT), with a F0 maximum of 
z (cf. Fig.1). The contour ended at 78Hz. Two series 

uli were created by shifting the triangular pattern. 

 1 comprised four peak positions with a time shift of 
to the right. The base length of the F0 triangle was 
s, the starting pattern (position 1) had its F0 maximum 
after the accented vowel onset. For positions 1 and 3, 
arative patterns with a 25% (=60ms) duration increase 
enerated, restricting the duration manipulation to the 



Figure 1: The utterance Heute morgen with the triangular 
peak pattern used for series 1, F0 maximum: 126Hz, base 
length: 220ms, the entire contour ends at 78Hz. Starting 
position of the series (position 1). The dotted line shows the 
original F0 pattern produced by the speaker.  

Figure 2: The duration manipulation used in series 1. Sti- 
mulus position 1dur, lenghtening within the peak triangle, 
proportional to F0, shown as a second triangular pattern. 

Figure 3: The stimulus position 5dur of series 2, F0 
maximum: 126Hz , base lentgh of the peak triangle: 240ms, 
end of the contour at 78Hz. Constant lengthening under- 
neath the peak, mainly bevor the accented vowel. 

 Figure 4: Sketch of the peak positions used for series 1 
and series 2. Peak shifts of 60ms to the right in series 1 and 
of 30ms to the left in series 2. The vertical arrow shows the 
onset of the accented vowel in mor. 
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 underneath the F0 triangle. The lenghtening function 
gain triangular: It strengthened the high pitch portion 
 contour (50% lengthening in the F0 maximum; see 
. 

 2 included 5 peak positions with a peak shift in steps 
s to the left. The base length of  the F0 triangle was 

s; the starting position (position 1) had its F0 
um 62ms after the accented vowel onset. In 

ons 4 and 5, the F0 maximum was situated before the 
 onset. For position 1 a variant was formed which had 
stant lengthening underneath the peak triangle. 

on 5 had two lengthening conditions: (1) constant 
tening within the peak triangle as used for position 1, 
ding just after the accented vowel onset, (2) constant 
ening, which sets in just before the accented vowel 
(cf. Fig.3). The duration manipulations in both series 
ffected the segmental durations. 

esulting stimuli can be characterized prosodically as 
s, based on the conceptualization of KIM [3]  
ximate characterizations in terms of GToBI [1] are 
 in parentheses): 

 1  
ition 1: medial peak  (H*) 
ition 2: indeterminate peak, not yet late.  
ition 3: late peak (L+H*).  
ition 4: late peak , very late position  (L*+H ) .  
ition 1dur: as position 1, but increased duration, 
ngthening the high pitch portion within the triangular 
tern, blunt medial peak (the F0 maximum is slightly 
fted to the right) ( H*). 
ition 3dur: as position 3, but increased duration, 
in particularly affecting high pitch, normal duration 
dition for late peaks in KIM [2] (L+H*). 

 2  
ition 1: medial peak (H*), corresponding to Position 
 series 1.  
ition 2: medial peak with a shift to the left (still H*). 
ition 3: indeterminate contour.  
ition 4: early peak (may be related to H+!H*).  
ition 5: early peak, emphasizing low pitch (H+L*).  
ition 1dur: medial peak, lengthened, no strengthen- 
 of high pitch, F0 maximum slightly shifted (still H*).  
ition 5dur: early peak, lengthening underneath the 
triangle, i.e. largely before the accented vowel; 
L*).  
ition 5voc: early peak, lengthening begins just 
ore the accented vowel onset (H+L*). 

ontours end on a low tone (corresponding to the 
-final categorie 2. in KIM (L-L%)). A sketch of  the 4 
 peak positions is given in Fig. 4. 



2.3  The semantic scales used in the study  
The semantic scales take into account characteristics of 
information structure,  of speech act category, of speaker's 
attitude and evaluations, considering also the basic 
dimensions of semantic differentials (valency, potency, 
activity). Eight scales were selected: 
(1) surprised/not surprised  
(2) new/known  
(3) matter-of-fact/ironic  
(4) questioning/non-questioning  
(5) pleasant/unpleasant  
(6) involved/uninvolved  
(7) uncertain/certain  
(8) neutral/emotional  
In series 2 surprised/not surprised was replaced by the 
scale fluent/hesitating, which was to capture the impression 
of temporal discontinuity. The scales were fitted in state- 
ments like: "The utterance is stating something new/some- 
thing known". The rating scales had seven steps. 

2.4  Subjects  
The subjects were mainly undergraduates in psychology 
(70 female, 13 male), 44 in series 1, 39 in series 2. All were 
native speakers of German, more than 73% came from 
Northern Germany. 

2.5  Procedure  
The stimuli were presented over headphones in a rando- 
mized order. Each stimulus was heard twice, being coupled 
with the presentation of one of the eight rating scales on the 
computer screen. Listeners did their rating by mouseclick. 
After clicking, a new stimulus was presented with a new 
scale. All combinations of scales and stimuli were realized 
each combination being rated once. Thus 6 x 8 items 
resulted for series 1 and 8 x 8 for series 2. 

2.6  Evaluation  
The data were evaluated by single comparisons, multi- 
variate and univariate, according to hypotheses about 
differences between particular stimuli and about particular 
scales. The objectives were the testing of semantic effects 
due to (1) peak position and (2) temporal shape (despite 
peak position) in accent-related F0 patterns, starting from 
hypotheses on intonational meaning in German. Alpha was 
set at p=0.01 for univariate tests. About 0.7 scale points in 
the semantic scales were thought the minimum mean 
difference for a result of importance. 

3. RESULTS 

The results of the listening experiments are summed up in 
tables 1 to 4. Many of the predicted semantic contrasts were 
confirmed. Series 2 (medial and early peak positions) 
yielded stronger effects than series 1 (medial and late 
peaks), with smaller shifts achieving stronger effects. 

Series 1: The peak shift to the right shows the clearest 
statistical results in the scales uncertain/certain and 
involved/uninvolved, keeping apart the middle and the two 
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nsition between the late and very late positions seems 
me a semantic continuum beginning with the medial 
On the other hand, a different configuration of se- 

c features is indicated (this would be a point in favour 
urther categorical distinction within the range of the 
ak patterns). 

motive load on the late F0 peaks mainly goes back to 
onal variation and thus depends on the slowing down 
 rise towards the F0 maximum. A semantic feature of 
st to expectation did not show up for late peaks (there 
o significant results for the scale surprised/not 
sed). The lengthening of the medial peak contours 
sing their high pitch portion stresses the semantics of 
tone, as expected (corresponding to the frequency 
: The contour "position 1dur" (from series 1) sounds 
questioning (though not uncertain). 

1 1dur 2 3 3dur 4 
r./n. surpr. 3.14 3.00 2.96 3.05 3.88 2.91 
/known 2.63 2.34 2.33 2.75 2.35 2.98 
.-f./iron. 2.14 2.17 1.74 2.16 2.61 2.61 

st./n.-quest. 4.13 3.22 3.68 3.38 3.51 3.34 
s./unpleas. 2.20 2.25 2.20 2.14 2.59 2.55 
lv./uninvolv. 1.91 2.14 1.83 2.27 2.23 2.98 

ert./cert. 4.19 4.07 4.07 3.88 3.55 2.93 
tr./emot. 2.67 2.59 2.59 2.21 2.89 2.78 

 1: Semantic differential for series 1, means of the 
 on  the rating scales. Scale values ranging from 0 to 
er values indicating the left term, higher the right one.  

1+2 
3+4 

1 
2 

3 
4 

1 
1dur 

3 
3dur 

ANO
VA 

r./n. surpr. .544 .819 .805 .787 .517 .937 
/known .108 .571 .419 .471 .189 .133 
.-f./iron. .036 .132 .091 .915 .110 .010* 

st./n.-quest. .103 .183 .719 .002* .593 .101 
s./unpleas. .679 .831 .077 1.00 .198 .370 
lv./uninvolv. .001* .618 .053 .327 1.00 .000* 

ert./cert. .000* .426 .002* .647 .264 .000* 
tr./emot. .855 .641 .077 .594 .006* .167 

 2: t-tests (paired samples) on differences between the 
lus conditions in series 1 (positions 1 to 4) and 

A for each scale, probabilities ( =0.01). Global 
ariate test (MANOVA): p=0.066. 

 2: In the peak shift to the left the predominant 
ry feature was the transition of the accentual (i.e. 
c) contour to the quality of a fall: Contours already 
 at the onset of their accented vowel give the 

ssion of something known, they appear non-ques- 
g, neutral and uninvolved. However the differen- 
 between the early and very early peak positions 
 out clear effects as well. But these effects are on the 
scales; therefore no new semantic configuration 
es apparent here.  

urational lengthening condition particularly affects 
gements on the scale fluent/hesitating. But this effect 

arly stronger if duration is increased before the 
ted vowel. Additional semantic features of preaccen- 



tual lenghtening are uncertain, ironic and uninvolved. The 
duration increase on and after the accented vowel appears 
questioning in the case investigated here; this effect may be 
caused by temporal variation here, not by a tonal one (as in 
position 1dur from series 1). 
 1 1dur 2 3 4 5 5dur 5voc 
(1) fluent/hesit. 2.15 3.03 1.92 2.26 1.90 1.77 3.54 2.54 
(2) new/known 1.67 1.62 1.87 2.33 3.13 3.77 3.59 3.51 
(3) m.-o.-f./iron. 2.90 3.05 2.77 2.36 1.82 1.26 2.03 1.67 
(4) ques./n.-ques. 2.85 2.62 3.62 3.46 3.97 4.67 4.23 3.82 
(5) plea./unplea. 2.95 2.74 3.10 2.92 2.92 2.10 2.31 2.23 
(6) involv./uninv. 1.46 1.82 1.79 1.85 2.36 3.13 3.82 3.23 
(7) uncert./cert. 3.64 3.56 3.87 3.62 3.87 4.18 3.41 3.79 
(8) neut./emot. 3.97 3.95 4.36 3.21 2.41 1.79 1.64 1.87 

Table 3: Semantic differential,  stimulus series 2, means of 
the values on  the rating scales.  Scale (1) replaced by 
fluent/hesitating.  

 1 
1dur 

1 
4 

2 
3 

4 
5 

5 
5dur 

5 
5voc 

5dur 
5voc 

(1) fluent/hesit. .001* .303 .234 .658 .000* .008* .000* 
(2) new/known .849 .000* .062 .008* .497 .402 .822 
(3) m.-o.-f./iron. .446 .000* .157 .004* .001* .055 .156 
(4) ques./n.-ques. .404 .004* .637 .013 .130 .001* .201 
(5) plea./unplea. .411 .930 .449 .003* .509 .661 .836 
(6) involv./uninv. .261 .013 .861 .035 .022 .692 .040 
(7) uncert./cert. .807 .483 .398 .262 .017 .161 .220 
(8) neut./emot. .936 .000* .000* .024 .543 .734 .341 

Table 4: t-tests (paired samples) on differences between the 
stimulus conditions in series 2, univariate ( =0.01). Pro- 
babilities. Multivariate (MANOVA): p=0.00 for series 2.  

4. DISCUSSION 

4.1  Semantic characteristics of accent contours  
The meaning characteristics stated for the F0 peak contours 
of Northern Standard German can largely be confirmed by 
the analysis through a semantic differential, distinguishing 
contours with a pre-vocalic (early), a vocalic (medial) and a 
delayed vocalic or post-vocalic (late) F0 maximum. 
Additionally, within these basic patterns further differentia- 
tions emerge. Partly they subdivide a semantic continuum 
covering several stimuli. However, within the late peak 
position there may also be a configurational (therefore 
prototype like or categorical) variation of meaning. These 
results need further interpretation in the light of current in- 
tonation models of German: Is there sufficient evidence for 
a categorical tonal distinction within the accentual patterns 
with a pre-vocalic F0 maximum? How can differences 
between patterns with a late F0 peak be conceived? 

The inclusion of the temporal shape of contours in the 
semantic analyses shows that a description solely by the 
synchronization of peaks or by tonal association will not 
give a complete account of accent-related pitch patterns. 
Rather accent contours are complex tonal and temporal 
patterns. An intervention in such a pattern may, e.g., affect 
the share of high pitch information or the pitch distribution 
in a contour while preserving the basic contour category (i.e. 
its type of peak or valley). 

It was demonstrated that an intervention in the durational 
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ding on where the intervention occurs, i.e. before or 
the accented vowel onset. After the vowel onset a 
ening contributes to the melodic quality of the accent. 
 located before the vowel the impression of hesitation 
dominant. Therefore a different structural meaning 
e assigned to preaccentual and accentual lengthening. 

ssessing intonational meaning by the semantic 
ential  

echnique of semantic differential can be used for a 
atic account of some important aspects of into- 

al meaning simultaneously considering the phonetic, 
l and semantic variation within the domain of the 
dic stimuli. Further work applying this technique 
 aim to improve and standardize the selection of 

. Speaker influences in the stimuli and sample effects 
 listeners' responses must be controlled. Natural, i.e. 
anipulated, speech ought to be included. 
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