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Abstract- Text-to-speech synthesizers present an 

attractive alternative to reading in hands-free 
communication scenarios. Speech intelligibility and 
naturalness are key to the user acceptability of synthesized 
speech. The accurate modeling of prosody plays an 
important role in both dimensions. While prosody is 
language dependent, it is also strongly dependent on the 
speaking style. In this work, we study the important 
prosodic features of news reading style in Marathi using 
publicly available radio broadcasts. Prominence and 
boundaries are among the important linguistic cues 
conveyed via a news reader’s prosody. Using perception 
testing, we obtain boundaries and prominent words in 
broadcast recordings of two female news readers. We 
measure acoustic parameters known to serve as cues to 
prominence such as the fundamental frequency, duration 
and intensity. We also make observations on timing and 
pitch phenomena at inter- and intra-sentence breaks. Our 
results indicate that prominence depends strongly on 
achieved F0 span in the word and to a smaller extent on 
duration increase.  Breaks are signaled by pauses and pre-
boundary lengthening of the final syllable. We observe 
that, unlike English, sentence ending in Marathi is not 
always accompanied by a pitch fall in the final syllable. 
The implications of these observations on prosody 
generation are discussed. 

Keywords— Marathi prosody, news reading style, boundaries and 

prominence in speech 

I.  INTRODUCTION 

Text-to-Speech (TTS) synthesis forms an important 

component of human-machine communication where the 

emphasis is on achieving intelligible and natural sounding 

speech in a chosen voice. State-of-the-art TTS systems operate 

by concatenating stored waveform segments corresponding to 

the phone sequence specified by the text while applying 

spectral similarity and continuity constraints in prosodic 

parameters such as fundamental frequency and intensity. 

While this achieves a natural sounding voice, it tends to be of 

neutral prosody. The important linguistic functions of phrase 

and sentence boundaries as well as word prominence must 

typically be achieved by post-processing. While text 

processing predicts the boundaries and syllable-level 

prominences, these functions must be acoustically realized 

using language-dependent models for modification of F0, 

duration and intensity.  Further, given that different speaking 

styles have differing salient characteristics represented mainly 

in prosody [1, 2, 3], it is important that the models match the 

prosody peculiar to the chosen style in natural speech. 

Professional news readers use variations in speaking rate 

and speech properties for communicating their message 

effectively and efficiently. Previous studies [1] indicate that 

such speech tends to be faster, but also accompanied by longer 

pauses. Usually, topic shifts are accompanied by larger pauses 

than topic elaborations, and pauses are further reduced at 

punctuation marks. Besides, topic shifts tend to have their 

final rhyme to be lengthened the most and the speech rate 

reduced to the slowest [2]. Additionally it is reported that F0 

maxima of segment following boundaries higher in hierarchy 

are correspondingly greater [3]. Further, causally related 

sentences had shorter inter-sentence pauses than non-causally 

related sentences.  

In several languages of the world, one or more of the 

prosodic parameters, namely, pitch, duration and intensity 

variation are used to draw a listener’s attention to prominent 

words [14]. For example, studies of Dutch reading style note 

that prominent words are spoken with high intensity and are 

found to be longer, and with high median F0 and larger F0 

range [4]. The degree of prominence depends on the uttered 

word type. Most function words are never perceived as 

prominent. Specific content words like nouns, adjectives and 

adverbs are always perceived as prominent to some degree. 

Verbs form a middle class which may or may not be perceived 

as prominent [5].  

Marathi, a language spoken predominantly in the Indian 

state of Maharashtra with its population of over 100 million, is 

a relatively poorly studied language as far as the prosody is 

concerned. However there exist a few studies on the prosody 

of Hindi [6, 7, 8, 9, 10]. Hindi and Marathi share numerous 

similarities with regard to the written word as well as 

pronunciation since they are both derived from Sanskrit, like 

several other Indo-Aryan languages. In the present work, we 

present an analysis of the prosody of Marathi news reading 

style variation to analyze how prosody is achieved in news 

reading for Marathi language. Our work focuses on durational 

prosody and prominence. Section II describes the speech 

material and perception-based annotation. Section III presents 

the acoustic measurements carried out. Conclusions are 

discussed in section IV.  
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II. SPEECH MATERIAL AND PERCEPTION TESTS 

Perception tests were carried out to determine boundaries 

and prominent words, as perceived by listeners, during news 

reading corresponding to available Marathi news broadcasts. 

A. Data Set 

Two radio news broadcasts from the archives of All India 

Radio [15, 16] by two different female news readers were 

chosen for the present study. They are from Marathi news 

broadcast on 21 January at 19:00 hrs and 22 January at 13:45 

hrs. The first broadcast (Br1) contains 14 paragraphs over 

8min 56sec. The second broadcast (Br2) contains 10 

paragraphs over 4min 34sec. 

For perceived boundary labeling, the first two paragraphs 

of Br1 were used. This 81 sec recording contains 10 sentences, 

182 words and 469 syllables. For acoustic measurements, the 

entire Br1 and Br2 were considered using the text transcript 

information of sentence boundaries. For prominence 

perception labeling, the first three paragraphs of   Br2 were 

considered in addition to the two paragraphs from Br1, thus 

comprising a total of 20 sentences with 358 words and 930 

syllables in all  

For the acoustic analyses, the corresponding transcripts 

were manually aligned with the audio at syllable and word 

level with the help of listening coupled with PRAAT 

waveform and spectrogram views [14].   

B. Perception test 

Six native Marathi listeners were involved in the 

perception experiment. They were given the printed text 

transcript of the broadcast. The text contained punctuation in 

the form of full-stops and commas. The listeners were asked to 

mark all perceived boundaries with vertical lines and to 

underline the prominent/emphasized words. Listeners were 

allowed to make multiple passes over audio while marking 

transcripts. 

1)   Boundary Perception 

The two paragraph listening dataset (from Br1) had 10 full 

stops and 7 commas in the text. Boundaries were categorized 

into topic boundaries (corresponding to topic shift), inter-

sentence (indicated by full-stops, but excluding topic 

boundaries), and intra-sentence (occurring within sentence).  

Table 1 reports the results of the perception test where we 

see that a total of 26 distinct boundaries are perceived by at 

least one listener. We discarded the last 6 boundaries of Table 

1 (less than 50% agreement) and consider only the 20 

perceived boundaries for further analysis. These include the 8 

inter-sentence and 2 topic boundaries, and 10 intra-sentence 

boundaries. Further, we observed that all the 10 topic/sentence 

were detected by all 6 listeners. 

 

 

 

 

TABLE 1. RESULTS OF BOUNDARY PERCEPTION EXPERIMENT 

No. of Listeners 

Agreements 

No of perceived 

boundaries 

6 13 

4 5 

3 2 

2 1 

1 5 

If we consider the 10 perceived intra-sentence boundaries, 

we find that 5 of these correspond with textual commas. Two 

textual commas are missed. The remaining 5 intra-sentence 

perceived boundaries have no corresponding text punctuation.  

In summary, full stops are always perceived as boundaries, 

but this is not the case with commas in the text transcript. 

Additionally, there are occurrences of perceived boundary 

without corresponding text punctuation marks. 

2)   Prominence Perception 

Similar to previous work [11], we considered the degree of 

prominence on a scale corresponding to the number of listener 

agreements on that particular word. From the corpus of 358 

words, Table 2 shows the number of words for each degree of 

prominence based on extent of listener agreement.  

TABLE 2. RESULTS OF PROMINENCE PERCEPTION EXPERIMENT 

No. of Listener 

Agreements 

Assigned degree of 

prominence 
No of words 

0 0 242 

1 or 2 1 77 

3 or 4 2 26 

5 or 6 3 13 

It can be seen that 32% of the total of 358 words are 

judged prominent by at least one listener. Considering the 

words with degree of prominence 2 and 3 in above table, we 

observed that prominence is perceived largely for adjectives 

(44%) followed by proper nouns (28%) followed by numbers 

(13%).    

III. ACOUSTIC  MEASUREMENT 

To make acoustic measurements relating to boundaries, we 

syllabicated whole two paragraphs along with silence region 

marking.  

A. Boundaries 

The prosodic cues known to be linked to boundaries   are 

pauses, pre-boundary lengthening and pitch contour slope on 

the final syllable [12].  To investigate these cues for Marathi 

news reading style, we carried out the measurements presented 

below.   

1) Pauses 

We were more concerned with duration cues relating to 

boundaries. It was found that out of 20 perceived boundaries, 

16 were realized by pauses, where any silence region with 

duration more than 20 ms is deemed as a ‘pause’. Out of these 

16 boundaries, 2 were topic boundaries, 8 were inter-sentence 

boundaries excluding topic boundaries and remaining 6 were 



intra-sentence boundaries. This clearly indicated that all the 

inter-sentence boundaries were always cued acoustically by 

pause.  

For all the three boundary types, mean and standard 

deviation (SD) of duration is given in Table 3. For mean and 

SD of topic boundaries as well as inter-sentence boundaries, 

we analyzed the entire transcript of 14 paragraphs. For intra-

sentence boundaries, we considered only the two paragraph 

data for which perception results were available.  

TABLE3. MEAN AND SD FOR DURATION OF DIFFERENT BOUNDARY TYPES 

Boundary 

Type 

No of 

Observations 

Mean 

Duration (sec) 

Standard 

Deviation (sec) 

Topic 14 1.3974 0.4492 

Inter-Sentence 42 0.5102 0.1577 

Intra-Sentence 6 0.4234 0.08 

 From Table 3, it can be seen that as we go higher in 

hierarchy i.e. from intra-sentence boundary to topic boundary, 

the mean duration of pause realized tends to increase, which is 

consistent with observations on English [2]. Further, silence to 

speech ratio for first paragraph was found to be 8.3% while for 

second it turned out to be 10.4% which is consistent with 

figures for English news reading [1]. 

2) Pre-boundary Lengthening 

To verify the hypothesis relating to lengthening of ultimate 

syllable relative to the penultimate syllable, we require 

instances of a given word to occur both within sentence and at 

the end of sentence. In Marathi, verbs tend to occur at 

sentence boundaries as Marathi has Subject-Object-Verb 

structure. The intra-sentence occurrence of verbs is very low. 

We considered the first broadcast with 14 paragraph transcript 

for this task. In this transcript we found that the verb /ahe/, 

meaning ‘is’, meets our requirement. There were 5 intra-

sentence occurrences and 14 end-of-sentence occurrences for 

the verb /ahe/. We first syllabicated all the occurrences of 

/ahe/. The boundary of the end vowel was marked when 

formants died out as depicted in the spectrogram in Fig. 1.  

 

Fig. 1. Waveform, spectrogram and segmented syllables duration for a 

sentence ending utterance of the verb /ahe/ 

Fig. 2 shows the box plots for duration of word /ahe/ for 

the different positions in sentences (sentence middle is termed 

“intra-sentence”; sentence end is termed “inter-sentence”). 

The box plots represent the distributions of the individual 

syllable durations for /a/ and /he/ in each position.   

 
Fig. 2 Duration (seconds) box plots for /ahe/ at word-level (left) and syllable 

level (middle and right) for intra- and inter-sentence locations. 

We investigated word lengthening first, and found as 

shown in Fig 2 that there is no significant difference between 

intra- and inter sentence occurrences of the word duration. The 

results were also confirmed through ANOVA analysis 

(F=2.394, p>0.05). Measurements at the syllable level clearly 

capture the pre-boundary effects in terms of relative durations 

of the ultimate and penultimate syllables. Fig. 2 indicates that 

the separation between syllable durations of /a/ and /he/ is 

significantly higher when it occurs at sentence boundary 

(F=111.94, p<0.05) than when it occurs within sentence 

(F=0.068, p>0.05).  

From the above observations we conclude that in Marathi 

news reading style, pre-boundary lengthening is realized by 

changing relative durations of penultimate and ultimate 

syllables. This differs from English where it is realized by 

lengthening of vowel nucleus just before the boundary [12]. 

3) Pitch contour slope 

In general, declarative sentences across languages are 

accompanied by falling pitch contours. However, in the 

Marathi news broadcasts, we observed that some declarative 

sentences showed rising pitch on the final syllable. To 

examine the above phenomena more closely, we used the 

second speaker’s transcript which contained more sentences 

ending with pitch rise. This transcript had 32 sentences out of 

which 7 were accompanied by pitch rise at the end of the 

sentence, amounting to 22 % of the total inter-sentence 

boundaries. A closer examination of the associated syntax and 

semantics indicated that the news reader used pitch rises to 

convey the relatedness of the subsequent sentence with the 

previous one. The two sentences are related either during topic 

elaboration or continuation. We observed a total 11 instances 

where two consecutive sentences were semantically related of 

which 64% exhibited pitch rise. Pitch rise was observed to be 

associated with certain key words, which observation needs to 

be further verified with more data. In the case of semantically 

independent sentences, the first sentence always ended with a 

pitch fall.  

B. Prominence 

To study acoustic cues to prominence we measured the 

following acoustical features: (1) F0 max per word in 

semitones with respect to paragraph mean F0, (2) maximum 

intensity per word normalized with paragraph mean intensity, 

and (3) log duration Z score per word (computed by adding 

the syllable-level Z scores) in seconds [13] using PRAAT 



scripts. We compare the acoustical measures with the 

prominence judgement of the native Marathi listeners via the 

box plots in Fig. 3. We see that duration is relatively 

unaffected whereas pitch and intensity increase with 

increasing degree of prominence.  

 
Fig 3: Boxplot for acoustic measurements (y-axis) against degree of perceived 
prominence (x-axis) of native Marathi listeners. (1) F0 max per word in 

semitones with respect to paragraph mean, (2) maximum intensity per word 

normalized with paragraph mean intensity, and (3) log duration Z score per 
word (computed by adding the syllable-level Z scores) in seconds. 

We also computed the Spearman’s correlation coefficient 

for each acoustic attribute with respect to the perceived 

prominence. The F0 maximum per word and intensity 

maximum per word show the highest Spearman’s correlation 

(0.7) with perceived prominence. However, in case of the 

normalized duration per syllable the relation with perceived 

prominence is less strong (Spearman correlation = 0.56). The 

same result was observed even when we analyzed the 

recordings of the speakers individually.  

IV. DISCUSSION AND CONCLUSION 

We studied the acoustic correlates of perceived boundaries 

and word prominence in Marathi news broadcast audio 

recordings of two female news readers. Perception tests with 

native Marathi listeners showed that all sentence boundaries in 

the text transcripts were clearly perceived as boundaries. The 

perceived boundaries were observed to be acoustically 

realized by pauses and pre-boundary lengthening of 

penultimate syllable. The topic boundaries exhibited the 

longest pauses. While sentence endings are expected to have 

decreasing F0 contours, it was found that this is not universal 

as far as Marathi news reading style goes. Our broadcast audio 

dataset indicates that inter-sentence dependencies may 

actually lead to pitch rise at the boundary.   

The degree of perceived prominence of a word in Marathi 

news broadcast audio was found to correlate well with 

acoustic measurements of word level parameters, namely, 

maximum F0 and maximum intensity, and to a lesser extent, 

with duration. This is contrary to previous findings on elicited 

utterances in Marathi by casual native speakers where word 

durations were clearly increased when in focus and decreased 

post-focally [13]. We speculate that this difference arises 

because news readers tend to be time conscious and prefer to 

rely more on cues that do not entail time lengthening as far as 

possible.    

F0 and intensity models for prominence can be derived 

from our findings and applied to new text transcripts of 

Marathi news where text processing methods are used to 

determine prominent words from semantics and syntax. 

Similarly, the acoustic properties of text-predicted boundaries 

can be prescribed based on the results of our study and 

incorporated in text-to-speech synthesis implementations for 

broadcast news.  Future work would involve the validation of 

our results on a larger set of speakers and broadcast 

recordings. 
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