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Résumé 
Cette étude concerne les trois aspects suivants : (1) la constitution de corpus – les 

critères de collection et le filtrage de données audio, les différents problèmes concernant la 
segmentation du signal de parole, (2) l’exploration de corpus – l’analyse acoustique et la 
modélisation statistique de données conversationnelles, la comparaison de méthodes 
d'extraction manuelles vs. automatiques, et (3) la représentativité du corpus pour illustrer 
la variation phonétique et phonologique en roumain. 
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1. Overview of the thesis 

Our PhD thesis [1] provides an up-to-date analysis of internal (adjacent 
vowels within the word) and external hiatus (across word boundaries) in 
contemporary Romanian, at the interface between experimental phonetics and 
phonology. The objectives of the dissertation are: (1) setting forth a theoretical and 
terminological account of hiatus in contemporary Romanian, (2) assembling a 
frequency hierarchy of word-internal hiatus from a normative perspective, (3) 

studying the dynamics of a norm-usage relation by designing and working on a 
corpus of spontaneous speech, (4) providing a comparative acoustic analysis of 
internal hiatus (IntH henceforth) and external hiatus (ExtH), (5) sorting out the 
contexts that trigger or inhibit different hiatus resolution strategies, (6) highlighting 
the individuality of Romanian among Romance languages in respect to repair 
mechanism used by native speakers when avoiding vocalic sequences in 

continuous speech. Finally, we intend to deliver a manually transcribed and 
annotated corpus potentially useful for speech processing community. 

2. Constructing the corpus 

From early on in the investigation, a researcher is faced with two options, 
either record his/her own corpus, a tedious process but with more control over the 
data and quality of the recording, or make use of existing corpora – although time 

saving, and providing a large input, in most cases it is available only for 
mainstream languages (see section 3.2.), or the quality of the recording doesn‟t 
match the one collected in a phonetic laboratory. 
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In our research, due to fine acoustic analysis, we settled on the first option, 

and designed a corpus so as to compare spontaneous speech (C1 henceforth) with 

careful speech (C2) in terms of hiatus resolution strategies, to establish the contexts 

that trigger or inhibit different hiatus repair mechanisms, to account for inter- and 

intra-speaker variation, and to highlight the acoustic properties of IntH and ExtH. 

The present corpus is the result of numerous pilot studies and pre-inquiry design 

processes.  

For C1, data were collected from 9 speakers, 4 females and 5 males. The 

age range at the time of the experiment was 26-58, and the recordings took 5 hours 

and 44 min (approximately 38 min per speaker). The participants were chosen from 

a close circle of friends and family so as to obtain a spontaneous and natural 

output. All participants are representative of the southern dialect of Muntenia. The 

experiment took place in a quiet room, directly onto a laptop, using a stand-

mounted microphone, Behringer B1, and an external audio interface, M-Audio Fast 

3 Track. Participants were required to talk about their previous summer. They each 

received a form consisting of 6 circularly displayed questions, so that no order is 

imposed when performing the task. Participants had to fill in the forms with key 

words, not full sentences. 15 minutes were given prior to the elicitation of 

(semi)spontaneous speech. The interview always started with the same question(s) 

“What do you think of the structure of this interview? Where would you like to 

start?”.  

From the spontaneous corpus one male speaker (age 27, engineer, graduate 

student) was selected. All vocalic sequences for both IntH and ExtH were extracted 

from his monologue (40 min of semi-spontaneous speech). These were the tokens 

for the controlled experiment, namely C2 (100 min of read speech, 35 min for 

IntH, and 65 min for ExtH). All target words were placed in carrier sentences, 3 

repetitions were elicited, and final intonation continuation rise was controlled for. 

This procedure entailed 420 tokens for IntH, and 824 tokens for ExtH. 

3. Exploring the corpus 

3.1. Annotation and manual extraction 

The recordings were manually transcribed (orthographically) and annotated 

in an open source software, PRAAT, designed by P. Boersma and D. Weenink for 

academic use. At this step, for C1 the analysis was twofold, and oriented on 

various speakers. Manual segmentation and annotation strategies are aimed to 

cover two levels of analysis: coarse-grained and fine-grained. 
Coarse-grained. The entire waveform is manually segmented at various 

levels including orthographic transcription, standard pronunciation, phonemic, 
syllable and word level. Information regarding pauses and pause fillers, hesitation, 
change of plan, overlaps, hypercorrection, substitution, coalescence, elision, among 
others, are labeled on different tiers. For the purpose of the dissertation, this 
procedure helps identify new contexts of hiatus that surfaced after some segments 
are dropped (/fost aʃa/ [fo#aʃa] “it was like this”), drastic consonant deletion (/la un 
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moment dat/ [laoendat] “at one point” [2]), or vowel blending (/dowə/ [doo] “two”) 
occur. The corpus thus processed can prove useful for researchers interested in 
Romanian and needing a starting point in their studies, training an automatic 
speech recognition system in forced alignment, or also for pedagogical use (native 
and foreign students alike).  

Fine-grained. Only vowel sequences are marked, namely IntH and ExtH. 

Segmentation takes place at 4 annotation levels: level 1: ExtH with a pause 

between the vowel pair (/ku#əs.ta/ “with this”), level 2: ExtH without a pause 

(/vara asta/ “this summer”), level 3: IntH (/prieten/ “friend”), level 4: plurivocalic 

sequences incorporating a VV sequence (/roʃia asta/ “this tomato”). The acoustic 

analysis regarding IntH vs. ExtH was carried out on the fine-grained 

segmentations. 

3.2. Forced aligned extraction 

In the present context of interdisciplinary research, when digital humanities 

are rapidly evolving, there is an interdependency between speech, text, and 

language technologies. An increasing number of studies deal with automatic 

alignment, natural language processing, speech synthesis and data mining. The 

redirecting of speech technologies (e.g. automatic speech recognition, speech 

synthesis) into the humanities has brought a reciprocal gain (linguistic rules 

combined with statistical analysis). Annotated corpora prove to be of high 

relevance in phonetics, and in linguistics in general. Departing from small scale 

corpora by extending data sets, and combining laboratory methods (laboratory 

phonology) with big data sets of continuous speech, has been beneficial 

particularly for phonetic research [3]. The advantage of working within the field of 

speech processing is that it can help us test various linguistic hypotheses, examine 

sound change and variation [4], [5], [6].  

Among European languages, Romanian is classified as a less-resourced 

language, not benefiting from a well-established representation in fields such as 

speech processing, or large data scale analysis [7]. In this context, as a result of 

various scholarships from the Romanian Academy, Labex EFL, LIMSI, and a 

fruitful collaboration with researchers at Paris 7 (Ioana Chitoran), Paris 3 (Martine 

Adda-Decker), and LIMSI (Ioana Vasilescu), part of the corpus (C1 for one 

speaker and C2 entirely) was forced aligned at LIMSI, Orsay, France, using the 

ASR system described in [8]. We realized phonatization rules for Romanian 

phonemes (reducing the inventory), transcribed the data by formulating rules that 

enabled automatic alignment and extraction. Due to the quasi-perfect relation 

between grapheme and phoneme in Romanian, the transcription is nearly phonetic 

(for a more detailed presentation see [1]). The forced alignment yielded 

approximately 45.7k observations (20.5k for C1, and over 25k for C2, out of which 

15.7k for ExtH and 9.5k for IntH) grouped around 62 variables (4 are nominal, the 

rest are ordinal), all of which were processed in R (an open source statistical 
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software). The main package used for data visualization was ggplot2, developed by 

Hadley Wickham.  

Preliminary results obtained from the two methods of approaching the 

corpus (manual vs. automatic extraction of vocalic sequences) are addressed in the 

following section. 

4. Discussions  

After the recordings in C1 and C2 were manually transcribed and annotated, 

the first statistics were performed on the distribution of IntH and ExtH for all 

speakers. Preliminary results show that the 2 classes of hiatus pattern differently, in 

the sense that predominant sequences for IntH (/i.e/, /i.a/, /i.o/) become peripheral 

for ExtH (/e.a/ is more frequent), and vice versa, meaning that IntH is almost in 

complementary distribution with ExtH. This finding is relevant not only for the 

current study but also from a typological perspective. On-going statistical analysis 

for highlighting the behavior of vocalic sequences in Romanian include: lexical 

coverage and frequency as function of speaking style; distribution and hierarchy of 

IntH–ExtH per speaker and cross-speakers; type of hiatus across words, inventory 

and distribution of other vocalic sequences (diphthongs, triphthongs), cross-

comparison of all vocalic sequences.  

After the alignment process was carried out on C1 and C2, we looked at 

duration and formant trajectories (F1, F2) both from spontaneous and controlled 

data, comparing the manual segmentation with the forced aligned one, so as to 

provide a complementary acoustic analysis of IntH and ExtH. Even though the 

analysis is performed on one speaker, the sample is considered representative, 

corroborating results obtained from works conducted on larger Romanian corpora 

such as [9], [10]. 

Preliminary findings (fig 1) from the duration analysis of one speaker 

indicate that: (1) there are no high discrepancies between the two alignments, 

meaning the ASR system is performing as expected, (2) hiatus in careful speech is 

longer than in spontaneous speech, (3) independent of speech style, ExtH is shorter 

than IntH (226ms IntH vs. 210ms ExtH in read speech, and 122ms IntH vs. 105ms 

ExtH in spontaneous speech). 

In the reading task speech the mean duration of IntH at Falign is 231.9ms (n 

= 420, st.dev = 52), and at Malign 220.5ms (n = 420, st.dev = 54), as opposed to 

ExtH which has a mean duration at Falign of 204.9ms (n = 824, st.dev = 82), and at 

Malign of 215.4ms (n = 824, st.dev = 59). In spontaneous speech the mean 

duration of IntH at Falign is 107.2ms (n = 345, st.dev = 53), and at Malign is 

103.1ms (n = 347, st.dev = 53). As for ExtH, the mean duration encountered for 

Falign is 127ms (n = 229, st.dev = 52), and for Malign 117.3ms (n = 217, st.dev = 

53). Further statistical analysis includes duration of vocalic sequences conditioned 

by stress patterns, distribution in the word, number of syllables, vowel height and 

place of articulation. 
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Fig. 1. Duration of IntH vs. ExtH in read and spontaneous speech with results from 
forced (Faling) and manual alignment (Malign). The mean value of each alignment 
is marked with a white asterisk positioned inside the boxplot, close to the median 

line. The gray box at the bottom represents the mean duration between Falign and 
Malign depending on the style of speech. 

5. Conclusions 

By combining experimental procedures with a corpus-based approach, this 

work can prove relevant for lines of inquiry addressed at different levels of the 

linguistics system. Providing an annotated corpus of Romanian can further aid the 

development of language models, semantic parsers, diacritics recovery, 

computational lexicology, phonotactic investigation, frequencies, duration and 

patterns of various segments, among others. The integration of manual and 

automatic alignment can help test many linguistic intuitions. 

Returning to our analysis, although vowels in CVC structure have been 

investigated in large scale data cross-linguistically, there is a lack of information 

concerning more-than-one vowel sequences. In turn, a careful comparison of 

continuous speech vs. read speech is important for understanding a typology of 

hiatus resolution in Romance languages. Future research topics will focus on 

modelling vowel sequences in Romanian, large scale data analysis, determining the 

acoustic correlates for hiatus vs. diphthong, and extracting samples from the corpus 

(C1) for various perceptual experiments. 
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