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Abstract: As a rule speech appears  to be a sentence chain. Nevertheless sentence is not a maximal unit as far as meaning is concerned and often turns out to be a part of so called "superphrase unit" or  paragraph.  The aim of this research was  to investigate the details of speech production and perception of the  boundaries between sentences' components of such superphrase units. Special attention was devoted  to F0 cues in the boundary area.

INTRODUCTION

Sentence boundaries are essential elements of the syntactical description of any utterance which in turn is important for proper utterance understanding. Syntactical description can be received on the base of lexical and grammatical information. So one can think that for understanding there is no need in preliminary detection of sentence boundaries based on phonetic information only. At the same time it is clear that syntactical analysis will  be much easier and its results will be more robust if such preliminary knowledge is available. Besides there are cases of multivariate syntactical analysis with ambiguous segmentation (phrasing) of an utterance into sentences. As many experimental studies show in these cases the utterance understanding is based greatly on prosodic information. Sentence or its meaningful part (intonation phrase or syntagma) is usually supposed to be the maximal unit on the phonetic level of an utterance representation. So we can assume that any utterance has to include some phonetic features indicating sentence and intonation phrasing which are really used in the process of  utterance perception and understanding.

It is widely admitted that a pause and a sentence (phrase) nuclear stress are the informative indices of syntactical breaks, including sentence (clause) boundaries. But in speech rather long sentence sequences can be pronounced without any inner pauses. The sentence nuclear stress usually realized as a pitch accent points at the sentence boundary only when it is located on the last lexically stressed syllable of the sentence. 

It seems of some interest to compare the utterances pronounced with the abovementioned phonetical features of sentence segmentation with the utterances  pronounced without pauses or consisted of sentences in which nuclear stresses  are differently located as regards the end of the sentence. In the framework of this task  we have conducted an experiment in which we investigate F0 cues and perception of the utterances composed of two sentences closely connected in meaning. In our paper we discuss the results of this experiment. 

EXPERIMENTAL MATERIAL

The experimental material (in Russian) included  the affirmative utterances each composed of two sentences. According to phonetic features of the boundary  area between the  sentence constituents experimental utterances form the following three types.

I. Nuclear sentence stress (NSS)  or intonation center (IC) in the Russian phonetical tradition in one or both sentences doesn't coincide with the last lexically stressed syllable, i.e. sentences are pronounced with the so called logical or focal stress. The interval between the closest NSS of the adjacent  sentences was variable and changed from 0 to 14 syllables. Ex. Ya ni RA(NSS) zu  ne videl v gorah olenej. Oni davno uSHLI (NSS) iz etih mest.

II. NSS in both sentences coincides with the last lexically stressed syllable. The interval  between the closest stressed syllables of adjacent  sentences varied from 0 to 7 syllables. Ex. Marina uvidela malySHA . On sidel na kraju doROgi. 

III. As in type II, here again NSS in both sentences coincides with the last lexically stressed syllable. But against to type II the utterances of type III can be differently divided into sentences according their lexical and grammatical content and for their correct understanding it is necessary to locate the sentence boundary phonetically.

There were 20 utterances of this kind in our material.

Ex. Mnogije otSTAli. Iz-za uhudsheniya pogodi neobhodimo sdelat' jeSCHO odnu ostanovku. And Mnogije otstali iz-za uhudsheniya poGOdi. Neobhodimo sdelat' jeSCHO odnu ostanovku.

All experimental utterances(about 40 in total) were pronounced by one male speaker with the standard Russian pronunciation. I and II-type utterances were pronounced with no pause between sentence constituents. As far as the utterances of III-type the speaker pronounced them with the pause between sentences without any special instruction. Speech material was  recorded in a sound-proof room with the help of a high quality tape recorder.

METHOD AND RESULTS

The first part of our experiment  was carried out to compare the pitch contours of all the utterances types. Pitch information was obtained from the measurements of the second harmonic of a speech signal. It was extracted by the Key Sonograph (the filter bandwidth 22,5 cps; Scale Magnifier was used to enlarge the pattern in the range 100-600 cps). The synchronous broadband analysis has been carried out to align the pitch pattern with the segmental sequence of the utterance. 

In the second part of the experiment we investigate the perception of the boundary between sentences for all utterances types in a situation, when listeners can rely on phonetic cues (F0 and pause ) only. By means of Intonograph F0 curve of each experimental utterance was received in the form of saw-voltage which was changed  in time in accordance with the periods of the speech signal. To decrease the sharpness of sounding the saw-signals (test-stimuli further) were passed through a low-pass filter (10 db/oct) . They were presented to 8 subjects in arbitrary order. The subjects were given the following task. For each stimulus they had to decide whether it is composed of two intonational phrases (sentences) or not. The subjects usually came to some conclusion after 3-5 repetitions of the stimulus. After making the final conclusion on the composed  nature of the stimulus three control repetitions of the stimulus were recorded  and for each repetition the subject had to fix the place supposed for the boundary between phrases (sentences). The marking was implemented by means of an electronic device specially constructed for this purpose. The tone of 1000 cps was used as a marking signal. Mixed signal composed of the perceived stimulus and the boundary marking tone was recorded on magnetic type and further visualized in wave form.

From the analysis point of view the most interesting are the I-type utterances which are pronounced with no inner pause and characterized by differently located nuclear accents in two phrase constituents. Analysis of F0 curves of such utterances shows that it is possible for them  to be considered as a sequence of two intonational phrases providing that the bearing tone structure is recognized as an independent component of a phrase pitch contour.

By bearing tone structure we mean the regularity in varying of F0 if only those parts of the pitch utterance contour are taken into account which are the lowest and aligned with the unstressed and unaccented syllables (1;2). 

The main features of bearing tone component are the same for all the utterances types: F0-Rise in the begin ning of a phrase(sentence), then rather slow fall (declination) on the most part of a phrase duration and rather sharp fall on the stressed syllable of the last word after which follows a section of practically constant low tone on the post-stressed  part of the last word.

The described pitch  pattern suggests that composed intonational nature of experimental utterances  can be explained also if we admit that in the boundary  area between phrases two boundary tones are realized: the low tone(L) at the end of the first phrase (aligned with its last lexically stressed syllable) and the high tone(H) in the beginning of the second phrase (aligned with its first or second syllable, regardless of stress). This last interpretation is more in line with the current intonational models recognizing boundary tones equally with pitch accents as the most important inionational events  in speech.

Our analysis also suggests that the moment of transition to the second phrase is signaled by the initial F0 rise in the phrase beginning. This moment is also coincides with the boundary between composed phrases.

 The perception test which we had conducted  was an attempt to answer the following questions: 1)Is it possible to determine the number of intonational phrases (sentences) in the utterance if only pitch information is available to a listener? The pause  can be considered as a feature of a pitch contour. 2) What cases are the most difficult for decision about composed nature of the utterance? 3) Is it possible to locate some part of the contour which contains the cues for the sentence boundary or it is necessary to take into account the pitch contour as a whole?   

Analysis of the subjects responses showed that in the most cases the stimuli were interpreted  as composed of two consecutive sentences regardless of their type. As a single peculiarity of the stimuli with the inner pause it may be noted that each of them needs only 1-2 repetitions for subjects to make a decision comparing 3-5 repetitions for all other utterances.

Some subjects haven't divided two stimuli which appeared to be: one – the case of immediately followed lexically stressed syllables of adjacent sentences, the other – the case of immediately followed nuclear pitch accents of adjacent sentences (type I). This fact possibly shows that in an utterance's pitch contour there is  some part which contains the most important cues to phrases boundary. To determine this part more strictly the subjects segmentation marks were analyzed with reference to the F0 cues found in the utterances pitch contours nearby the sentence  boundary. 

 For I-type utterances the possible boundary F0 cues are: the fall on the last stressed syllable of the first sentence (phrase) and the rise at the beginning of the second one.

The II-type utterances add to the cues found in the I-type the following ones: the fall of nuclear pitch accent on the last stressed syllable of the first phrase, and in some cases F0-rise on the first stressed syllable of the second phrase. 

 The III-type utterances have the same F0 features  near the phrase boundary as the II-type ones. But in addition they have some other cues possibly indicating the boundary: beginning of the inner pause; the curtain pause duration; the end of the pause. 

Let us discuss the features of subjects' boundary marking for the  III-type utterances first. Remind that these utterances include the universal boundary cue – the pause. It turned out, that subjects were different in boundary sentence marking in this case. Some of them always marked the stimuli after the pause end with time delay of about 100-300 ms. Others did the same only when the pause was short (not longer than 200 ms). For the rest they marked stimuli either during the pause interval with time delay about 300 ms after the pause beginning or at the interval between F0-fall on the last stressed syllable and beginning of the pause that coincide with the end of the first sentence. 

For II-type utterances (without inner pause) subjects preferred to mark the stimuli after the beginning of F0-rise concurring with the beginning of the second sentence (time delay of signal markers was about 100-400 ms.) There were also several instances where marks were made at the interval between F0-fall at the end of the first sentence and F0-rise agreed with the beginning of the second one.

I-type utterances were similar as their marking is concerned to II-type utterances. Subjects' marking was characterized by the same values of time delay (100-400 ms)notwithstanding the absence of the universal cues of utterance segmentation – pause and nuclear sentence stress. 

Results of our experiment shows that listeners have no difficulties in dividing the utterances into sentences (phrases) in situation when they have at their disposal phonetic information only. They use for this some F0 events usually found in pitch contour of  an utterance near sentence boundary – low fall at the end of the first sentence and high rise at the beginning of the second one. Certainly these cues didn't settle all phonetical information that can be used for text segmentation task. At the same time it is clear that F0-cues are important for detecting and recognition of sentence boundaries.
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