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ABSTRACT 

Previous research on Estonian has shown that the 
downtrends in statements and a type of yes/no questions fit 
the so-called ‘local’ model of downtrends which assumes 
no time-dependent effect on the height of accent peaks in an 
utterance. In the present paper, statements and three types 
of yes/no question are further studied in relation to the 
pre-nuclear downstep ratio. Additionally the scaling of F0 
valleys in these types of utterance is investigated. The 
analysis reveals that two different ratios are needed for 
modelling the scaling of peaks in these utterances, and that 
the downtrend of F0 minima reflects the downtrend in the 
peaks as the pitch span remains constant across the 
utterance types. Results will be presented showing to what 
extent the three types of question and statements are 
distinguished by the overall level of top and bottom lines. 

1. INTRODUCTION 

Downtrends have over the years received considerable 
attention in intonational research. The two well-established 
approaches for modelling downtrends in different 
languages are referred to as the ‘global’ or Contour 
Interaction theory, and the ‘local’ or Tone Sequence theory 
[1]. The crucial difference between these approaches lies in 
their treatment of the scaling of the peaks in an utterance 
contour. The global model [e.g. 2] predicts that the 
temporal distance between two consecutive peaks will have 
an effect on the F0 value of the second peak: the greater the 
temporal distance between the peaks, the lower the second 
accent peak. The local model [3, 4], on the other hand, 
expects no time-dependent effect on the scaling of peaks, 
which means that each accent is scaled relative to the 
preceding accent regardless of the time interval between 
them. The downstepping contour is modelled by means of a 
downstep ratio, which calculates the second peak as a 
proportion of the first resulting in an exponential decay of 
accent peaks to a constant nonzero asymptote called the 
reference line. The local model has been shown to describe 
downtrends in a number of unrelated languages (e.g. 
Japanese [5], Dutch [6], Catalan [7]). 

It was shown for Estonian in [8] that the scaling of peaks in 
statements and kas-questions, i.e. yes/no questions starting 
with the interrogative particle kas (‘whether’), fits the local 
model, as the height of a given peak is dependent on the F0 
value of the preceding peak and insensitive to its temporal 
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ce. Following [4], a further calculation of the 
step ratio in [8] showed that downtrends in Estonian 
ents could be modelled with the ratio of 0.7, which is 

ly similar to that found for several other languages 
].  

aper extends the study of the pre-nuclear downstep 
o three types of yes/no question: in addition to the 
 mentioned kas-questions declarative questions and 
ending with a particle või (‘or’) will be investigated. 
atter two types exhibit different downtrends from 
ents and kas-questions, as shown in [9] and are 

ore predicted to have a different downstep ratio. In 
cond part of the article, the scaling of valleys in these 
of utterance will be studied with reference to the 
gs on the scaling of peaks in [9]. The results will be 
sed in relation to the calculations of an average pitch 
following [10], in order to establish whether the 

nce types under consideration differ in this respect. 

2. MATERIALS 

ials were designed with the view of testing which 
l, global or local, best describes downtrends in 
ian, and therefore the data was controlled for the 
er of accented and unaccented syllables. Each 
nce consists of four accent units which are either 
abic or tetrasyllabic i.e. there are either one or three 
ented syllables between the accents. Three different 
ces were constructed for each type of accent unit 

ure. All utterances start with a proper noun and an 
ented verb, followed by an object, and an adverbial of 
or place and an adverbial of place in the case of 
abic units (e.g. Mae viib Liina maale leeri (‘Mae takes 
to the country to confirmation classes’)), and an 
ivally qualified object and an adverbial of place in the 
f tetrasyllabic units (e.g. Leena lamab Jaanusega 

lisel laevakesel (‘Leena is lying with Jaanus on a 
esque little boat’)). Each utterance appeared in the 
ials in four different forms: (1) as a statement (Mae 
iina maale leeri); (2) as a kas-question, beginning 
 questioning particle kas (‘whether’), which is the 

lt way of asking yes/no questions in Estonian (Kas 
iib Liina maale leeri?); (3) as a tag question where an 
gative tag või (‘or’) is attached at the end of the 
ent, this being a common way of asking yes/no 
ons in colloquial speech (Mae viib Liina maale leeri 
 and (4) as a declarative question, which has no 
osyntactic marking (Mae viib Liina maale leeri?). 



The data was recorded by five young female speakers of 
Standard Estonian from Tartu. The recordings were carried 
out in a quiet environment using a Sony TCD D8 portable 
DAT recorder. The subjects were asked to read the 
sentences from lists where each test sentence appeared 5 
times in semi-randomised order. There were separate lists 
for each utterance type. 

3. ANALYSIS 

3.1 MEASUREMENTS 
The data was digitised at 16 kHz on a Silicon Graphics 
Unix workstation. An F0 trace was computed for each 
utterance using Xwaves+. Measurements of pitch and time 
were taken at the following points of the F0 contour: the 
initial F0 value (i.e. the first reliable point of the F0 contour 
of an utterance), the F0 maxima corresponding to the four 
accent peaks, the beginning and end of the three troughs 
between the accents, the beginning of the low sequence 
after the final accent, and the utterance final F0 value. For 
tag questions, an additional measurement was taken before 
the beginning of the tag. 

3.2 DOWNSTEP RATIO CALCULATIONS 
As referred to above, the peaks in a downstepping contour 
can be quantified by means of a downstep ratio (r), i.e. a 
constant fraction of the preceding peak, which is expressed 
by the following equation: 

r = (P(x+1)-R)/(P(x)-R) (1) 

where P(x) is the height of a peak in a position x, and R the 
reference line value [4]. The reference line is calculated for 
each speaker by taking the mid value between the mean F0 
of the last peak and the mean minimum for all sentences of 
the speaker. In [8] where the same data set was used as in 
the present paper, the downstep ratios were calculated for 
the statements of only two speakers. This was because the 
nuclei in statements in these materials were often realised 
as low level accents rather than peaks, and only the data 
from two speakers contained a sufficient number of 
statements where all four accents were realised as F0 peaks. 
As shown in [11] such low accents (L*) can spread to 
pre-nuclear positions and are phonologically different from 
H* accents. For one speaker in the materials all statements 
were realised with low accents in all positions and the 
statement data of this speaker had for this reason to be 
excluded from the calculations of downstep ratio. 

However, previous research on Estonian downtrends [9] 
shows that the overall intonation pattern in kas-questions is 
similar to that in statements, and therefore in this paper, 
downstep ratios for all the five speakers are calculated 
using the reference line based on the kas-questions of each 
speaker. The same reference line value is used for 
calculating downstep ratios for tag and declarative 
questions because the step-up from the final pre-nuclear 
accent to the nucleus in these types of question, as opposed 
to a step-down in statements and kas-questions [9], makes it 
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sible to obtain a reliable reference line value for these 
of utterance. For the same reason, only the downstep 
for pre-nuclear intervals a2/a1 and a3/a2 were 

ated for all types of utterances for all speakers. Also, 
clear that the nuclear pitch accent varies across 
nce types independently of the pre-nuclear trend. 

ALCULATION OF VALLEYS 
er to analyse the scaling of the valleys between the 
 the beginning and end values of each of the three 
s were averaged, and means were taken for each type 

erance. Downtrend in the valleys was calculated by 
cting the mean value of the third trough from the 
value of the first trough. As not enough data for 
ents was available from all the five speakers for the 
s mentioned above, it was not possible to include 
ents in this analysis and therefore the results from the 
is of the scaling of valleys in the yes/no questions can 
e presented.  

ugh the original measurements were taken in Hz, they 
converted to semitones (st) in order to make a 
tually relevant comparison between different 

ers’ data and to facilitate comparison to the findings 
ted in [9]. 

ITCH SPAN 
span was calculated following the model in [10] 
 the span is expressed as the difference between the 
e of a speaker’s non-initial peaks and the average of 
ccentual valleys. For the present calculations two 
ers with most balanced set of data were used. The 

as calculated over the second and third accent peak 
e average of the valleys following these peaks for all 
nce types. Nuclei and post-nuclear troughs were not 
ed. 

4. RESULTS 

OWNSTEP RATIO IN QUESTIONS 
step ratios were calculated for the steps a2/a1 and 
for each speaker with the reference line value based 
s-questions. Paired samples t-tests show that there is 
nificant difference between the means of downstep 

 for a2/a1 and a3/a2 (p>0.05 for all comparisons). 
 is, however, as expected, a significant difference 
5) between the mean downstep ratios for statements 
s-questions on the one hand and tag and declarative 

ons on the other hand. The pre-nuclear downstep 
averaged over all speakers) for statements is 0.68, for 
estions 0.67, for tag questions 0.87 and for 
ative questions 0.89. 

HE SCALING OF VALLEYS 
ated measures analysis of variance carried out on the 
 of the valleys of the three types of question showed 
ere is a significant effect of question type on the 

g of the valleys (F(2,8) = 19.33, p<0.001, Sphericity 
ed). Planned comparisons using paired samples 

 revealed a significant difference between the 



downtrend in the valleys of kas-questions and tag questions 
(t(4) = 3.6, p<0.05), and between kas-questions and 
declarative questions (t(4) = 6.3, p<0.01). There was, 
however, no significant difference between the downtrend 
in the valleys of tag questions and declarative questions (t(4) 
= 1.9, p>0.05). 

Figure 1 plots the trendlines drawn through the averaged 
pre-nuclear peaks and valleys of the three types of yes/no 
question. The peak values are plotted using the results from 
[9]. 
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Figure 1: Scaling of pre-nuclear F0 peaks and valleys in 

three types of yes/no question. 

4.3 PITCH SPAN 
Pre-nuclear pitch span was calculated for all types of 
utterance and averaged over two speakers with most well 
balanced set of data. As can be seen from Figure 2 there is 
virtually no difference between the spans of different 
utterance types. The span remains more or less constant 
between 3.5 and 3.7 semitones. 
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Figure 2: Pitch span in four types of utterance (averaged 

over two speakers). 

5. DISCUSSION 

The results of this paper show that the four types of 
utterance under investigation fall into two groups with 
respect to the scaling of the peaks and valleys. Statements 
and questions beginning with the questioning particle kas 
exhibit steeper pre-nuclear downtrends in both their peaks 
and valleys whereas tag questions and unmarked questions 
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shallower downtrends. Similar downtrends in peaks 
alleys are further confirmed by the pitch span that 
ns constant even if the slope is not as sharply 
ing in tag and unmarked questions as in 
estions.  

reviously discussed in [9] the difference in the 
trends of the three types of yes/no question gives 
ce of a ‘trading relation’ between intonation and 
osyntactic marking: kas-questions where the 
gation is signalled early in the utterance are similar 
ements; tag and declarative questions where there is 
initial morphosyntactic marking are marked 
tionally by a step-up from the final pre-nuclear to the 
r accent which, as shown in [9], is significantly 

r in declarative questions than in tag questions where 
tressed questioning particle is attached at the end.  

obvious from previous research on these types of 
nce that the nucleus behaves differently from the 
clear accents. This made it impossible to calculate a 

nce line for each type of utterance separately, and to 
e nucleus in calculations of downstep ratio. Also, due 
 character of the data, the reference line, unlike in 
previous work following [5], had to be calculated 
a type of question (kas-questions) where the 

trends are similar to statements rather than a 
ative utterance. 

6. CONCLUSIONS 

nalysis of Estonian statements and three types of 
 question in this paper reveals that in addition to the 
of the pre-nuclear peaks, as established previously in 
ese types of utterance can be characterised also by a 

trend in the valleys, which results in a more or less 
nt pitch span over the utterances. The calculation of 

step ratios for all the four types of utterance shows 
o ratios are needed for modelling these utterance 

 one for statements and kas-questions and another for 
d unmarked questions. 

vestigation of more statement data with nuclear peaks 
ithout low accents) would lead further to the issue of 

owering which could not be treated here. It is planned 
re to test how well the findings of the present paper 
terise less controlled Estonian data, such as 
neous data from recordings of map tasks.  
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