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ABSTRACT 

This study compares the acoustic realization of Romanian 
diphthongs [jV] and similar sequences [iV]. The latter have 
variable pronunciation, and are occasionally realized as 
diphthongs. The presence of a contrast between them is 
confirmed, though individual speakers may show 
tendencies toward a merger. Diphthongs have significantly 
shorter vocalic portions than sequences, and lower F2 
values at the onset of the vocalic portion. These differences 
and the differences in variability result from differences in 
articulatory timing between [i/j] and V. Timing in [jV] is 
more tightly controlled, producing a short vocalic gesture 
for [j]. In [iV] it is looser, allowing for variation. An early 
onset of the V gesture can produce a glide percept.  

1. INTRODUCTION 

The distribution of prevocalic [j] and [i] in Romanian can 
generally be predicted from the location of stress [1], 
except for the very specific environment #C_V, where V is 
a non-high vowel. In this environment, [j] always surfaces 
in native words: pjatr  ‘stone’, pjerde ‘s/he loses’, mjere
‘honey’, bjat  ‘poor’ (fem.), fjerbe ‘boils’, vjerme ‘worm’. 
Such rising diphthongs developed historically from the 
diphthongization of Latin / / under stress. A preceding 
coronal or velar absorbed the palatal glide. As a result, in 
Modern Standard Romanian these diphthongs have a very 
restricted distribution, surfacing only after a labial and 
before a stressed vowel. 

In the #C_V environment the vowel [i] surfaces in lexical 
items that are mostly loanwords, or that contained an iV 
sequence in Latin: piastru ‘piaster’, pianu(l) ‘piano’ (def.), 
tiara ‘tiara’ (def.), dieta ‘diet’ (def.), fiasko ‘fiasco’, siesta
‘siesta’ (def.). This hiatus pronunciation is not systematic, 
but is best described as variable, with [i] occasionally 
coming close to a glide. 

Henceforth, the first type of data introduced above will be 
referred to as containing “diphthongs”, the second type as 
containing “sequences”. The presence of variation in 
sequences has been established in previous acoustic studies 
([2], [3]), and was found to be related to position in the 
word and to distance from stress/pitch accent. The question 
I address here concerns the contrast between sequences and 
diphthongs. Since such a contrast would be restricted to a 
very narrow environment, a tendency toward its loss is 
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lausible. At the same time however, the variation 
in the realization of sequences suggests resistance to 
erger with the diphthongs.  

less of this variation, native speakers of Romanian 
are of the distinction between diphthongs and 
ces, as demonstrated by their consistent 
fication judgments. The diphthongs are 
atically syllabified as tautosyllabic (jV), while 
ces are systematically syllabified with hiatus (i.V).  

s study I compare the acoustic realization of 
ian sequences and diphthongs, in order to determine 
r a contrast is reliably maintained between the two 
f utterances, or if there is any evidence for a merger 
n them. A further relevant question I examine is 
articulatory configuration is responsible for the 
nal glide percept in sequences? Previous 
ental investigation of lexical distinction in English 
ssian [4], [5] has shown that the same consonantal 
calic gestures are timed differently relative to each 
hen they constitute lexically distinct units. Here I 
e temporal and spectral differences between 
ces and diphthongs, to determine whether they can 
buted to differences in articulatory timing. 

sue of the lexical contrast between Romanian 
ces and diphthongs is of particular interest because it 
ed to syllable affiliation. As such it is of theoretical 
t because the relevant data are a suitable testing 
 for speech production models relying on the 
e. The results of this study are interpreted in the 
ork of Browman and Goldstein’s Bonding Strength 

 [6], which was developed as a phonological model 
 temporal patterning of consonantal and vocalic 
s within and across syllables. 

next two sections I report and discuss the results of 
risons in duration between sequences and 
ongs (experiment 1), and in the values of F2 at the 
of the sequence or diphthong (experiment 2). A 
ical interpretation is proposed in section 4, followed 
clusions in section 5. 

2. EXPERIMENT 1: DURATION  

ETHODS 
native speakers of standard Romanian were recorded 
und proof booth, using a DAT recorder, at 44 kHz. 
ta were analyzed using the Praat speech analysis 



software. Seven repetitions of each word were recorded, 
embedded in the carrier phrase “Spune ____ de trej orj”
‘say ___ three times’. The sentences were presented in 
randomized order. The recorded data consist of sequences 
and diphthongs, a total of 161 words per speaker. An 
illustrative subset of the list is given in (1). The data were 
controlled for stress, for the quality of V (mid/low), and as 
much as possible for similar flanking consonants. 

(1) Diphthongs: fjart , pjaz , pjatr    
Sequences: fiasko, pianu, piastru

The following duration measurements were taken, based on 
waveform and wideband spectrogram: 
- the total duration of the vocalic portion [iV] and [jV], 
measured from the onset of F1 to the offset of F2; 
- the duration of the frication portion at the release of [p] 
into the narrow constriction of [i]/[j], measured from the 
end of the [p] release burst to the onset of F1 of [i]/[j]. 

2.2 HYPOTHESES 

H1: Short [i] and/or short transition = glide 
The comparison of the vocalic portion duration tests the 
hypothesis that the occasional glide percept in sequences is 
due to a shorter acoustic duration of [i] or of the transition 
between [i] and V. If the contrast between sequences and 
diphthongs is robustly maintained, the total duration of the 
monosyllabic diphthongs [jV] is expected to be 
significantly shorter than that of disyllabic sequences [iV]. 
If the contrast is being lost, the two types of vocalic 
portions are expected to differ less categorically in duration, 
with the duration of sequences varying along a continuum 
from “short” to “long”.  Some sequences and diphthongs 
are likely to overlap in the same duration range.  

H2: Long frication portion = glide 
The duration of the frication generated at the release of [p] 
is partly determined by the degree of constriction of the 
following vowel. Release into a narrow constriction 
generates more frication (in energy and duration) than 
release into a more open constriction. The comparison of 
the frication portion duration tests the hypothesis that the 
occasional glide percept in sequences is due to a narrower 
constriction of [i]. If contrast is robustly maintained 
between sequences and diphthongs, the [p] frication portion 
preceding the glide of a diphthong will be significantly 
longer than that preceding the high vowel of a sequence. If 
the contrast is being lost, the frication portion is expected to 
differ less categorically in duration before [i] and [j]. This 
measure is clearly not unambiguous, since it also includes 
some amount of aspiration at the release of a voiceless stop.  
However, an informal comparison of [p] releases before 
non-high vowels for the same speakers shows a much 
shorter, often absent, frication portion in those 
environments. Longer and higher energy frication may
therefore be due primarily to release into a narrower 
constriction.

2.3 RESULTS 

Eight pairs of words (sequences and diphthongs) were 
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per speaker. The total duration of the vocalic portion 
uated as the dependent variable in an analysis of 
e with Type as fixed factor (2 levels: sequence, 

ong). For all three speakers, differences in vocalic 
 duration are statistically significant, which suggests 
ntrast is maintained between [i] and [j]. Sequences 
e systematically longer than diphthongs (jV). This 
s especially robust, given that the words containing 
ces are actually one syllable longer than those 
ing diphthongs. The mean duration values and 

rd deviations are presented in Table 1. 
Sp1(DS) Sp2(LD) Sp3(BS)

ences 185  
(24.16) 

169
(25.91) 

223  
(33.69) 

thongs 128  
(21.77) 

151
(28.38) 

135  
(21.26) 

ct of Type F(1,109)
=169.418 
p<.001 

F(1,110)= 
12.219 
p<.01

F(1,103)= 
243.525 
p<.001 

1: Vocalic portion duration in sequences vs. 
ongs (ms). Means and standard deviations. 

clear results notwithstanding, an investigation of 
by-token duration values reveals interesting 
nces among individual speakers. Overall, all three 
rs maintain a contrast between sequences and 
ongs, but they differ in the degree to which they do so. 
rs 1 and 3 show a clear separation between 
ces and diphthongs. Only 5 and 3 sequences, 
tively, are short enough to fall within the duration 
f diphthongs. Speaker 2, however, shows much less 

tion. As many as 41 of her sequences are short 
 to fall within the duration range of diphthongs. 
sionistically, speaker 3 is the one whose sequences 
ceived with hiatus, while speaker 2 is the one whose 
ces often sound like diphthongs. H1 is supported by 
data. Duration is clearly manipulated in the 
diphthong contrast. The occasional glide percept in 
ces is due to a shorter duration of the vocalic portion. 
litative comparison of the spectrograms shows a 
horter, often non-existent steady-state portion for [j], 
l as a shorter F2 transition from [j] to V. The F2 
ry in diphthongs looks almost flat, closer to that of a 
hthongal vowel. 

 comparison of the frication portion duration, 4 pairs 
rds were analyzed, namely those containing 
ces and diphthongs preceded by [p] (a total of 56 
per speaker). Only speaker 3 shows a statistically 

cant difference between the duration of frication in 
s. [pjV] (F(1,52)=12.73 p<.01). As predicted by H2, 

cation portion is significantly longer in diphthongs 
s), before a narrower glide constriction, than in 
ces (23 ms), before a vowel constriction. For the 
wo speakers the mean duration values go in the same
on, but do not show a statistically significant 
nce (p>.05). I conclude that constriction size is less 
ant in maintaining a hiatus / diphthong contrast. 



Overall the data do not fully support H2.  

3. EXPERIMENT 2: F2 FREQUENCY 

3.1 METHODS 
Five pairs of words were used for spectral analysis:
fjart /fiasco, pjatr /piastru, pjar /pianu, pjaz /pjanu,
pjard /piastru, a total of 70 words per speaker. The analysis 
consists of running formant tracks over the vocalic portion 
of each sequence and diphthong, and extracting the value of 
the second formant at the onset of the sequence/diphthong. 
A short-term spectral analysis is performed in a 25 ms 
window, at a time step of .0025 s. For each analysis window, 
the algorithm in Praat computes the LPC coefficients. The 
F2 values extracted by the algorithm were compared to the 
corresponding spectrograms, and deviating values were 
excluded from the statistical analysis. For each 
sequence/diphthong pair, the formant tracks generated for 
each individual token (14 per pair) were then overlaid on 
top of one another and saved to a picture file, for overall 
qualitative comparison. 

3.2 HYPOTHESIS 
H3: Sequences and diphthongs show different 
coarticulatory patterns with the preceding consonant. 
The comparison of the F2 tracks and of the F2 value at the 
onset of sequences and diphthongs tests the hypothesis that 
the occasional diphthong percept in sequences is due to 
specific coarticulatory patterns between the consonant and 
the following high vowel. If contrast is maintained between 
sequences and diphthongs, it will be reflected in different 
coarticulatory patterns with the preceding consonant, as 
manifested in the F2 value at the onset of the vocalic 
portion. An equally relevant measure of coarticulation 
(which will be evaluated in a future study) is the spectral 
analysis of the [p] release burst.  

3.3 RESULTS 
The F2 value at the onset of the vocalic portion is evaluated 
as the dependent variable in an analysis of variance with 
two fixed factors: Type (2 levels: sequence, diphthong) and 
Word Pair (from 3 to 5 levels, depending on which could be 
retained for each speaker). For two of the three speakers, 
differences in F2 onset value are statistically significant, 
which suggests that contrast is maintained between [i] and 
[j] in terms of coarticulation, as well as vocalic portion 
duration. For speakers 1 and 3, sequences (iV) have 
significantly higher F2 onset values than diphthongs (jV).  

Sp1(DS) Sp2(LD) Sp3(BS)

Sequences
(iV)

2335.97 
(134.3) 

2103.95 
(106.9) 

2044.17 
(91.3) 

Diphthongs 
(jV) 

2170.13 
(176.3) 

2068.97 
(141.1) 

1908.2 
(77) 

Effect of Type F(1,36) 
=14.264 
p<.01 p>.05 

F(1,32) 
=24.772 
p<.001 

Table 2: F2 values at the onset of the vocalic portion (Hz). 
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gh for speaker 2 the difference is not statistically 
cant, the mean values go in the same direction. 
 that speaker 2 is the one whose sequences and 
ongs showed less of a separation in total duration, as 
he different patterns of speakers 1 and 3 on the one 
and of speaker 2 on the other, are illustrated in 
s 1 and 2, respectively. These plots of vocalic portion 
n and F2 onset value show overlapping values for 
uences and diphthongs of speaker 2, while those of 
rs 1 and 3 tend more toward a bimodal distribution. 
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 1: Plot of vocalic portion duration (x axis) and F2 
alue (y axis) for speakers 1 and 3.  
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 2: Plot of vocalic portion duration (x axis) and F2 
alue (y axis) for speaker 2. 

r 2 is also the only speaker who showed a significant 
of Word Pair (F(4,50)=9.701, p<.001). A follow-up 
is with the data split by Word Pair shows that one pair, 
ianu has a statistically significant difference: 
1Hz for [pia] vs. 2070.71Hz for [pja]. None of the 
rs has a significant Type x Word Pair interaction. 

sults support H3, suggesting that CV coarticulatory 
s as reflected in the onset value of F2 are important 
coding a sequence/diphthong contrast. This 
sion should nevertheless be considered preliminary, 
t must be backed up by spectral analysis of the [p] 
 burst and of the [f] frication.  

itative examination of the spectrograms reveals more 
nces between sequences and diphthongs. In addition 
flatter F2 trajectory in [jV], the [p] release burst in 



[pja] is followed by a short formant rise into [j]. In the 
sequence [pia] the same formant rise is longer and higher. 
The lower F2 values at the onset of a diphthong suggest the 
presence of target undershoot in the glide as opposed to [i]. 

4. DISCUSSION AND THEORETICAL 
INTERPRETATION 

The results obtained so far confirm that overall contrast is 
maintained between sequences and diphthongs in 
Romanian, and that the difference between them is 
reflected most reliably in the total duration of the vocalic 
portion (H1) and the F2 value at the onset of the vocalic 
portion (H3). At the same time, the results show that 
individual speakers may vary in the degree to which they 
maintain this contrast. Speaker 2, for example, shows a 
tendency towards a merger. This tendency is reflected most 
clearly in the F2 onset values, which are comparable for her 
sequences and diphthongs, and to a lesser extent in the 
vocalic portion duration.  

The theoretical interpretation must therefore explain why, 
given two contrasting linguistic elements, one of them 
allows for occasional variation which leads to its perceptual 
confusion with the other. Browman and Goldstein [6] 
propose that temporal patterning is the result of weighted 
competition between the following gestural coordination 
relations: (i) a C-V coordination relation that defines 
syllable onsets, according to which onset consonantal 
gestures tend to be produced simultaneously with the 
nucleus vocalic gesture; (ii) a C-C coordination relation 
between adjacent consonants. The former is relevant here.  

According to this model, in sequences, which are 
heterosyllabic, only one coordination relation is present, 
the one between the onset C and [i]. In diphthongs, which 
constitute one syllable, C and [j] form a complex onset with 
respect to the following V. Two different coordination 
relations are therefore present: C-V and [j]-V (possibly also 
C-[j]). This difference predicts that in sequences the 
relative timing between gestures is more variable and less 
tightly controlled than in diphthongs, where two 
coordination relations are active, and the onset as a whole 
bears a relation to V. 

The model predicts that a possible source for the occasional 
glide percept in sequences lies in the absence of a [i]-V 
relation across the syllable boundary. Because this relation 
is absent, the V gesture is free to have an early or a late 
onset relative to the [i] gesture. If it starts early, it results in 
an earlier [i]-to-V transition, therefore a shorter or absent [i] 
steady-state, and a shorter vocalic portion overall.  

The absence of a [i]-V relation in sequences may also 
explain the normally higher F2 onset values, compared to 
the target undershoot in diphthongs. Only in diphthongs the 
C-V and [j]-V relations reinforce each other, and the C and 
[j] gestures each tend to be timed simultaneously with the V 
gesture. This coordination pattern results in tight 
articulatory timing, and an early onset of the V gesture. 
This articulatory configuration allows a very short time 
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sults reported here suggest that the [i]-V relation is 
 in maintaining or relaxing the sequence-diphthong 
t in Romanian. Another possibility which needs to 
sidered is the manipulation of the C-[i] relation. A 
ariable C-[i] relation relative to C-[j] may lead to 
ed overlap between C and [i], and again to shorter 

ic duration of [i]. Spectral properties of the C release 
ust be analyzed to verify this hypothesis. For now 

clude that a relatively small amount of shortening of 
gesture can result in sufficient target undershoot, and 
ould cause a glide percept. 

5. CONCLUSIONS 

study I compared duration and spectral properties of 
ian sequences and diphthongs. Based on the results, 

 established that a contrast is maintained between 
and it is manifested primarily in two of the three 
ic parameters examined: the vocalic portion duration 
nd the F2 value at the onset of the vocalic portion 

lthough contrast is maintained overall, individual 
rs vary in the degree to which they maintain it. The 
n be modelled in Browman and Goldstein’s Bonding 
th Model. This model, interpreted here as a speech 
tion model, is well suited for this type of data, 
e it captures the relation between the variable 
ce-diphthong contrast and syllable affiliation. 
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