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ABSTRACT

Differences in pitch peak alignment between intonation contours
have been found pertinent to the production and perception of
sentence types in a number of languages. In particular, pitch peak
alignment may contribute to sentence type disambiguation when
only intonation markers of sentence types are present. This study
investigates if pitch peak alignment differences are employed by
speakers of Russian in the production of one-word, three-syllable
declaratives, interrogatives, enumerations and exclamations with
a rise-fall pitch contour. The results indicate that an earlier pitch
peak target is characteristic of exclamations and declaratives, and
a later target - of interrogatives and enumerations. The exact
location of the target as well as the magnitude of the difference in
the target shift between each pair of sentence types is subject-
specific.

1. INTRODUCTION
Pitch event alignment is understood as anchoring of tonal highs
and lows to particular points along the segmental string of an
utterance (based on [4]). Pitch peak alignment is the distance of a
pitch peak from the onset or offset of a particular segment. It can
be expressed either in absolute terms (in ms), or in relative terms
as a proportion of duration [1]. Although pitch event alignment
shows substantial variance depending on a number of segmental
[8] and prosodic features  [1, 9], tonal targets can be consistently
reached within a certain portion of an accented or postaccented
syllable. It has been recently observed that pitch peak alignment
contrasts contribute to the production and perception of different
sentence types in such languages as Dutch [4], Greek [1],
Hungarian [3], and Mexican Spanish [7].

This    study     investigates     pitch    peak    alignment    in
Russian one-word, three-syllable declaratives, interrogatives,
enumerations and exclamations with a phonetically rising-falling
pitch contour. In spoken Russian, intonation frequently functions
as the only clue in sentence type disambiguation, since
grammatical or lexical markers of sentence type are not required
by the language system [10].  The four sentence types are known
to be pronounced with phonetically different variants of a rising-
falling contour, whereby interrogatives and enumerations are
grouped into one phonological category (with a terminal rise-
fall), and declaratives and exclamations constitute two more
phonologically distinct falling contours [2].  Although the
phonetic differences between the varieties of rise-falls among the
four sentence types have been studied in both production and
perception [10], no earlier studies of pitch peak alignment in
Russian are available.
        The purpose of this study was to find whether speakers of
Russian employ pitch peak alignment differences in the

production of declaratives, interrogatives, enumerations and
exclamations.

2. MATERIALS AND METHODS
Five female speakers of Russian read a list of 22 sentences as a
declarative, interrogative, exclamation and an enumeration. Each
sentence contained only one word, a noun, with a stress on the
penultimate syllable. Right context was provided for
enumerations, but no context was given for other sentence types.
All the words were of CVCVCV type. Only voiced consonants
were used to avoid interruptions in the f0 contour. All the
subjects were native Russian speakers, bi- and multilinguals with
various degrees of proficiency in the non-native language(s).
Four speakers were in their thirties, one - over 40.

The  DAT  recording  was  made in the recording studio and
analysed using ESPS Waves on a SUN workstation at the
Department of Linguistics, The University of Edinburgh. F0
contours were obtained for all the data. The sound files were
manually segmented. Pitch peak alignment was measured in ms
from the offset of the vowel in the penultimate (accented)
syllable, since a pilot experiment demonstrated that the position
of the pitch peak shifts within the stressed and the following
unstressed syllables. Both absolute alignment (duration in ms
between the stressed vowel offset and the peak) and relative
alignment (absolute alignment in ms over the vowel duration in
ms) were measured. In cases when the location of the pitch peak
was outside the accented vowel, the relative peak alignment was
calculated regarding the length of the segment the peak occurred.
The relative peak alignment could thus take the value between –2
and +2 according to the scale where the 0 is taken to be the V2
(stressed vowel) offset, -1 – the V2 onset/C2 offset, -2 – the onset
of the C2, +1- the offset of C3/onset of V3, +2 – the offset of
V3.  The scale is represented below in Fig.1.

The data were put on EXCEL 97 worksheet, and analysed
using a single-factor ANOVA. Since it was found that both ways
of measuring alignment yield the same results, I only refer to
relative alignment further on.

-2                    -1                        0                        1                      2

Figure 1. The relative pitch peak alignment scale used in the
experiment

3. RESULTS
The average values of relative pitch peak alignment in sentences
produced by the five speakers are represented in Table 1 below.

   C 2                        V 2                   C 3                   V 3
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Table 1.   Pitch peak alignment (in relative units)

SENTENCE TYPES

Speaker declaratives interrogatives exclamations enumerations

Mean St Dev Mean St Dev Mean St Dev Mean St Dev

1 -0.183 0.088 -0.005 0.253 -0.461 0.124 -0.045 0.202

2 -0.894 0.065 -0.185 0.065 -0.966 0.199 -0.282 0.101

3 -0.781 0.155 -0.251 0.077 -0.788 0.269 0.615      0.774

4 -0.847 0.125 -0.221  0.141 -0.854 0.136 XXX XXX

5 -0.618 0.265 0.179  0.193 -0.764 0.436 -0.053 0.154

* Negative mean values indicate the location of the pitch peak to the left of the stressed vowel offset, positive value - to the right.  No data is given for
enumerations pronounced by speaker 4 since instead of the rise-falls the speaker produced “literary” enumerations with the low-rising tone.

Table 2. Significance of pitch peak alignment differences across sentence types (ANOVA results)

F (variance ratio) values*

Speaker S1 S2 S3 S4 S5
Sentence types:
declaratives  vs interrogatives 9.22 607.51 200.53 226.80 129.55
interrogatives vs exclamations 55.01 305.81 80.73 217.79 86.09
exclamations vs enumerations 64.97 205.49 64.17        X** 52.01
declaratives vs exclamations 70.91 2.12 0.01 0.116 1.81
declaratives vs enumerations 8.22 338.14 59.53        X 74.46

enumerations vs interrogatives 0.32 14.56 27.26        X 19.52

* The difference between sentence types is significant if F value exceeds F critical (=4.08). Degree of freedom (df) = 41, p< 0.05. The
significance of the alignment difference is indicated by bold script.
** No  values are given since Speaker 4 pronounced enumerations with a different contour.

The values in Table 1 demonstrate that the pitch peak target
shifts to the left or right depending on the sentence type. The
pitch peak in the data occurs mostly within the penultimate
(accented) syllable. Pitch peak is on the average located close to
the stressed vowel onset in declaratives and exclamations (with
the exception of Speaker 1’s declaratives with a peak late in the
stressed vowel). Interrogatives and enumerations have a pitch
peak located close to the stressed vowel offset or early in the
third postaccented syllable (interrogatives by speaker 5 and
enumerations by Speaker 3). The location of the pitch peak
shows variance across the subjects.

In order to see if the observed differences in pitch peak
alignment across the sentence types are significant, a single-
factor ANOVA was calculated. The results are represented in
Table 2. The table indicates that the difference between earlier
peaks in declaratives and exclamations on the one hand, and a
later peak in interrogatives and enumerations on the other hand,
is statistically significant. All the speakers have a statistically
significant difference in pitch peak alignment between
declaratives and interrogatives, declaratives and enumerations,

exclamations and interrogatives, as well as exclamations and
enumerations. There is no consistent tendency in pitch peak
alignment distinction between declaratives and exclamations: the
difference is significant only for Speaker 1, but not for others.
There is no consistent difference in pitch peak alignment
between enumerations and interrogatives either: there is no
significant difference for Speaker 1; for Speakers 2 and 5 the
peak comes significantly latter in interrogatives than
enumerations, while the opposite is true of Speaker 3.

                It should be pointed out that pitch peak alignment contrasts
contribute to other intonational contrasts between the sentence
types. Figure 2 (average intonation parameters of sentences
produced by Speaker 2) represents typical differences between
the contours. As can be seen from the graphs, there are
distinctions in duration and pitch pattern between the sentence
types. Enumerations are shorter than other sentence types. The
first and second vowel durations are longer in exclamations and
declaratives than in enumerations and interrogatives.  In
declaratives and exclamations the rise and fall start earlier than in
interrogatives and enumerations. The rise in interrogatives and
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enumerations is exercised mostly within the accented syllable,
whereas in declaratives and exclamations it starts in the pre-
accented syllable, and is more evenly distributed between the
pre-accented and accented syllables. The falling movement in
declaratives and exclamations is accomplished largely by the end
of the accented syllable, whereas in enumerations and
interrogatives it continues until the vowel end in the post-
accented syllable. Pitch peak is higher in exclamations and
interrogatives than in enumerations and declaratives. For lack of
space no fuller description of the differences in parameters other
than pitch peak alignment is given here.

4. DISCUSSION
The experiment revealed the existence of a major difference in
pitch peak alignment  between Russian declaratives and
exclamations on the one hand, and interrogatives and
enumerations on the other hand.
       Although the existence of pitch peak alignment differences
between the rising tones of Russian has been reported in [6], the
usage and role of these distinctions in the intonational system of
Russian remained unknown. The present experiment
demonstrated that the pitch peak alignment differences between
the phonetically rising-falling accents of Russian are
systematically employed for sentence type distinctions. These
findings support the traditional grouping of Russian contours

found in declaratives and exclamations into “falling”, and the
contours found in interrogatives and enumerations into rise-
falling (and/or rising) [2]. Despite the obvious difference in pitch
peak height and magnitude of the rising and falling movements
between exclamations and declaratives, in terms of pitch peak
alignment they seem to fall within one category which is opposed
to the category of interrogative and enumerative contours.
       The results agree with the ones obtained in studies of pitch
accents in other languages, where it was shown that the
beginning and the end of pitch movements are anchored to
specific points in the segmental composition of the contour [1, 4,
7]. Differences in early/late pitch peak alignment between
interrogatives and declaratives have been also observed earlier
for Hungarian [3]. The experimental data suggests that pitch
event alignment should be an intrinsic part of any phonetic and
phonological description of intonation contour production and
perception. The relative height of segments and syllables, and the
magnitude of the tonal movement on a given segment or syllable
is closely linked with the position of a tonal target.  For example,
in exclamations with an early high target the pitch rise starts early
in the pre-accented syllable, and the fall is mostly completed by
C3 end. In interrogatives and enumerations with a late high pitch
target the rising movement starts late in the tonic syllable, the fall
starts late and continues until the end of V3.

 Figure 2. Average parameters of the four sentence types pronounced by Speaker 2.
Pitch peak alignment is shown by data point markers with white foreground. Data point markers with black foreground show segmental
boundaries.
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5. CONCLUSION
The reported study of intonation contours in Russian
declaratives, interrogatives, exclamations and enumerations has
shown that pitch peak alignment distinctions are employed by
native speakers in the production of these sentence types.
Declaratives and exclamations have an earlier pitch peak than
interrogatives and enumerations. This result can be treated as a
phonetic evidence in support of the traditional grouping of
intonation contours in Russian. The alignment of tonal targets
determines many other parameters of the pitch contour, like pitch
height and interval of pitch movement at various parts of the
contour. It should therefore be accounted for in a phonetically
based description of Russian intonation.
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