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Abstract: The present study is concerned with some aspects of the production of [i] and
[8] in Romanian, i.e., their position within the vowel space, degree of acoustic variability
and acoustic duration. To this end, acoustic data were collected for the Romanian stressed
vowels [i e a 0 u i 8] produced by six speakers in controlled consonantal context condi-
tions and real and nonsense words. The formant frequency data reveal that [i] and [s] do
not overlap along the F1 dimension, which may be ascribed to the need to set in contrast
the two central vowels phonologically. Moreover, [i] is clearly more variable in F2, and
thus in vowel fronting, than schwa. Regarding segmental duration, [i] is as short as high
vowels and shorter than schwa, whose duration is comparable to that of mid vowels. The
phonetic characteristics for stressed schwa in Romanian are in contrast with those for the
same vowel in other world’s languages, in which it is highly variable and shorter than all or
most peripheral vowels. This behaviour may be attributed to the existence of two central
vowels, while suggesting that [s] has a well-defined articulatory target in the Romanian
language.

Keywords: central vowels; phonological contrast; Romanian; acoustic analysis

1. Introduction

The present study is an investigation into the acoustic vowel space defined in terms
of the first three spectral formants and of the acoustic duration of the seven Romanian
stressed vowels [i e a o u i 3]. The Romanian language is endowed with seven stressed
vowels, namely, five peripheral vowels and two central vowels: a high vowel [i], which
is represented by means of the graphemes 7 and 4 in writing, and a mid vowel [3], which
is represented with the grapheme 4. All of these vowels have phonemic status (Chitoran,
2001) with the inclusion of the high and mid central vowels as demonstrated by the fol-
lowing minimal pairs: [pir] onomatopeia/[par] ‘hair’, [vir] ‘I thrust’/[ver] ‘cousin’, [riw]
‘river’/[row] ‘bad’ and [tsir] “sea mackerels’/[tsar)] “lands’. Regarding other Romance lan-
guages, this central vowel scenario is similar to that of European Portuguese, in which,
however, [i] and [9] (the latter vowel is often transcribed as [¢] in this language variety)
are found in unstressed instead of in stressed syllables.

This acoustic study is especially relevant in view of the comparatively little attention
that phoneticians have devoted to the only Romance language endowed with two stressed
central vowels, and to the fact that Romanian is the only major Romance language that
does not yet have an article in the Illustrations of the IPA series in the Journal of the Inter-
national Phonetic Association. Only a few acoustic studies of Romanian vowels exist, and,
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as pointed out later in this section, they do not control for phonological context in a strin-
gent manner, and do not report vowel duration values. These previous acoustic studies
include that of Teodorescu (1985), which reports unnormalized formant frequency values
for these seven vowels as produced in nonsense VCV sequences with the consonant [p]
by three males, and Renwick (2012, pp. 142-147; 2014, pp. 114-115), which presents un-
normalized formant frequency data for stressed [i e a 0 u i 8] as produced in real words in
various syllable structure and contextual consonant conditions by fourteen female speak-
ers and three males.

Moreover, the present investigation complements with new acoustic data previous
research on the phonetic characteristics of stressed schwa in the world’s languages that
was carried out by the first author. The two stressed central vowels [i] and [a] occur in lan-
guages and dialects from other language families such as Battambang Khmer, Madurese,
Sundanese, Cheju, Thai, Amharic and Northern Welsh. As shown subsequently, these
languages and dialects exhibit vowel systems of a similar size and quality to that of Roma-
nian, including the two central vowels, which are considered to be phonemic, or to exhibit
a high frequency of occurrence, whenever they are in complementary distribution or their
phonemic status is not mentioned in existing monographs: Battambang Khmer [ie ai o
o 0 u] and Wa Mon Khmer [i e € a i 8 o 0 u] (Huffman, 1967; Pinnow, 1979); Madurese [i
e aiooyu] (Stevens, 1964); Sundanese [i e a i 8 o u] (Van Syoc, 1959); Cheju [ie®e aia
aou] (Yang et al., 2020); Thai [i e 22 @ a 9 0 u] (Abramson, 1962); Amharic[ie aio o u]
(Leslau, 1995); and Northern Welsh [i e a i @ 0 u] (Jones, 1984). Several phonetic aspects of
the central vowels of Romanian and of these other languages and dialects will be subject
to comparison in this and the following sections of the present study.

The research goals of the present investigation are as follows.

Firstly, we will focus on the placement of mid and central vowels in the vowel space,
and, more specifically, on the degree of vowel height for the mid vowels [e] and [o0], and
the degree of vowel height and fronting for the central vowels [i] and [3].

Concerning stressed schwa and as reported for a considerable number of languages
exhibiting this vowel in their vowel inventory (Recasens, 2021), it is expected that the first
formant or F1 (which is inversely correlated with vowel height and thus is higher for low
vs. high vowels) occurs ca. 500 Hz, and that the second formant or F2 (which is positively
correlated with vowel fronting and thus is higher for front vs. back vowels) is found ca.
1500 Hz. These formant frequency values, i.e., 500 Hz for F1 and 1500 Hz for F2, correspond
toa17.5 cmlong vocal tract with no tongue constriction (Fant, 1960) while, as pointed out to
us by a reviewer, the F1/F2 ratio should also be 1 to 3 for other vocal tract lengths. As men-
tioned more explicitly below, the actual phonetic realization of stressed schwa is, however,
quite variable when evaluated across different positional and contextual conditions, which
accounts for the fact that this vowel has often been transcribed not only as [3], but also as
a mid back unrounded vowel, whether [¥] or [4], in phonetic studies of other languages
such as Thai, Wa, Chantyal, Scottish Gaelic and Bulgarian (see Recasens, 2021). Regarding
Romanian, stressed schwa has been labelled as mid central [a] (Chitoran, 2001) and mid
back unrounded [a] (Renwick, 2014), the issue being which one of these two IPA symbols
is more appropriate in the light of formant frequency data for a representative number of
subjects. As shown in Figure 1, the F1 and F2 frequencies for Romanian vowels reported
by Teodorescu (1985) and Renwick (2014) reveal the following: the two peripheral mid
vowels [e] and [o] are placed about halfway between [i u] and [a]; and [i] and [s] are lined
up with the high and mid vowels, respectively, and placed mid way between the front and
back vowels. Based on these formant frequency data, the most suitable IPA symbol for Ro-
manian stressed schwa should probably be [5], not the symbols [¥] or [a], which, as pointed
out above, are also used by scholars for transcribing the mid central vowel in the world’s



Languages 2025, 10, 12

30f19

languages. An analogous scenario, i.e., one in which [i] and [s] are roughly equidistant
from the front and back vowels and occur at the high and mid regions of the vowel space,
respectively, may be inferred from formant frequency data for most of the non-Romance
languages listed above: Battambang Khmer long vowels (Wayland, 1998), Wa Mon Khmer
(Svantesson, 1993; Watkins, 2002), Sundanese (Yusuf, 1993), Cheju (Cho et al., 2001), Thai
(Abramson, 1962; Apiluck, 1996) and Amharic (Iwatsuki, 2012). Alternatively, the vowels
in question lie closer to the back vowels than to the front vowels in Madurese (Cohn &
Lockwood, 1994), while the opposite is true for Northern Welsh (Mayr & Davies, 2011).
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Figure 1. Cross-speaker F1 x F2 frequency data for the Romanian vowels [i e a 0 u i 3], reported
by Teodorescu (Teodorescu, 1985; 3 males, left graph) and by Renwick (Renwick, 2012; 14 females,
right graph).

In the light of the evidence from other languages endowed with stressed schwa that
have just been described, and based on the position that this vowel occupies within the
vowel space in Romanian, our concern is whether the mid central vowel in question ought
to be transcribed as central ([2]) or as mid back unrounded ([2]). The argument provided
in Renwick (2014, p. 13) for transcribing the mid central vowel with the symbol [a] in-
stead of with [a] appears to be either only phonological or both phonetic and phonological.
The phonetic aspect may be inferred by the use for stressed and unstressed schwa of not
only the notation /a/ (Renwick, 2012, 2014), but also [a] (Renwick et al., 2016) and both
/a/ and [a] (Renwick, 2021). Regarding the phonological aspect, the symbol [4] would be
preferable to [], since [2] is usually used for reduced mid vowels (Maddieson, 1984, p. 252;
Silverman, 2011), these vowels being often the end product of phonological neutralizations
in prosodically weak positions, which is not what happens in Romanian, where the mid
central vowel may function synchronically as a full vowel.

A second research issue concerns acoustic variability. A salient characteristic of
stressed schwa in the world’s languages is its high degree of spectral variability as a func-
tion of segmental context, and therefore its high degree of sensitivity to coarticulatory ef-
fects in tongue and lip position exerted by its flanking consonants. In particular, the F2
frequency ranges for this vowel often exceed those for all or most other vowels in the
language, as has been reported to be the case, for example, for Enganno, Iaai, Javanese,
Khonoma Angami, Albanian, Arrernte and Kabardian, which is why a number of differ-
ent context-dependent allophones have been identified for stressed schwa in some Salishan
languages and also in Sharwa, Cheremis, Amharic and Macedonian (see Recasens, 2021 for
details). The reason for this appears to be the lack of a well-defined constriction location
for central vowels in general, and for [s] in particular, which nevertheless appears to be
specified for a mid tongue position (i.e., F1 values for this vowel rarely extend into the
vowel spaces for high and low vowels), and, at least in the case of English, could even
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exhibit some postdorsal constriction at the pharynx rather than being fully unconstricted
(Browman & Goldstein, 1992; Kondo, 1995; Gick, 2002). Moreover, these positive articula-
tory properties should hold for stressed schwa rather than for unstressed schwa, which is
often the outcome of vowel reduction, and during whose production the tongue is likely
to be placed in the breathing position, and thus roughly equidistant from all regions of the
vocal tract.

The possibility that stressed central vowels including schwa may be produced with
some active tongue configuration, and consequently turn out to be less variable than ex-
pected, should hold precisely in languages like Romanian, in which [i] and [s] have phone-
mic status. In other words, the need to avoid intelligibility problems could very well cause
the two central vowels in question to exhibit different articulatory goals and a moderate
degree of articulatory variability, at least in F1 frequency, and thus along the vowel height
dimension. An aspect which is closely related to this need is functional load, i.e., phoneme
pairs undergoing merging distinguish significantly fewer minimal pairs in the lexicon than
those which avoid the merging process (Wedel et al., 2013; Tse, 2024). With regard to this is-
sue, a look at the frequency of occurrence of the two Romanian central vowels reveals that
[i] is the least frequent of all vowels of the vowel system, followed by schwa (Renwick, 2014,
p- 22), one of the reasons for this being the limited contextual origin of both stressed [i] and
[3] in native words: [a] comes from Latin /e/, after labials and the alveolar trill ([par] PILU
‘hair’, [raw] REU ‘bad’), and [i], probably through intermediate [a], from /i/ after [r] ([ ripa]
RIPA ‘ravine’, ['ride] RIDET ‘(s)he laughs’) and from non-back vowels before a nasal con-
sonant (['lina] LANA ‘wool’, [kimp] CAMPU ‘field’, [ 'vina] VENA ‘vein’) (Nandris, 1963).
The two vowels may also be found in other consonantal contexts in loanwords from Hun-
garian and Turkish, and also from the Slavic languages, such as [sfint] sfint “saint, holy”
and [giska] gdscd “goose”. In spite of their limited contextual occurrence, the two vow-
els of interest are endowed with a relatively high morphological load (Chitoran, 2001): [i]
appears in common function words such as pronouns ([il] “him’, [im/] ‘to me, dative’),
the preposition [in] ‘in” and the infinitive ending of fourth conjugation verbs ([u'ri] ur7 ‘to
hate’); and [3] is the non-definite nominative/accusative ending of many feminine singular
nouns (['’kasa] CASA ‘a house’), and may be also found in pronouns ([ma] ‘me, accusative’)
and in verb paradigms. In view of these historical and synchronic scenarios, it may be hy-
pothesized that the two Romanian vowels [i] and [a] are kept phonemically distinct, since
they are involved in a number of minimal pairs and play a relevant morphological role.

Data on vowel dispersion for 14 female speakers reported by Renwick (2012) are
consistent with this assumption. Indeed, they show that, when evaluated across syllable
and consonant context conditions, Romanian [i] and [s] overlap very little along the F1
dimension, and are thus quite distinct from one another regarding vowel height, which
appears to be in agreement with their independent phonemic status in the language. Also
in Renwick (2012), on the other hand, these two vowels happen to be more variable along
the F2 dimension than all five peripheral vowels [i e a o u], with their ranges amounting
to ca. 1000-2000 Hz ([i]) and 1200-1800 Hz ([3]) in the case of female speakers, and ca.
1100-1750 Hz ([i]) and 1100-1650 Hz ([]) in the case of male speakers. These figures also
reveal a higher degree of F2 variability for [i] than for [3]. As revealed by vowel acoustic
data for schwa from other languages such as English and Catalan, changes in F2 frequency
for central vowels typically result from coarticulatory effects in tongue, jaw and lip posi-
tion exerted by palatal and certain dentoalveolar consonants, which cause the vowel F2 to
rise, vs. those exerted by labials, other alveolars (/r/ mostly if realized as a trill, and dark
/1/) and possibly velars, which cause F2 to lower (Kondo, 1995; Recasens & Espinosa, 2006).
Moreover, also according to Renwick (2012), perceptual identification data show that the
two central vowels are not inherently more difficult to identify than the five peripheral
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vowels, with [o] being more prone to confusion with [i] than the reverse. All in all, even
though they are highly variable in terms of fronting degree, the two central vowels ap-
pear to be well integrated in the Romanian vowel system, and perhaps more so [i] than [9].
Minimal overlap between stressed [i] and [a] has also been reported consistently in F1 (and
thus in oral opening and tongue dorsum height), but not in F2 (and thus in tongue raising
and fronting), for Battambang and Wa Mon Khmer, Madurese, Sundanese, Cheju (when
adjacent to /t/, but not when flanked by /k/; Cho et al., 2001), Thai, Amharic (in the context
of /d/; Iwatsuki, 2012) and Northern Welsh by the studies mentioned earlier in this section.
In particular, the cross-language F1 frequency averages for stressed [i] and [9] provided by
these studies amount to 414.7 Hz (sd =49.6) for the former vowel and to 568.2 Hz (sd =78.2)
for the latter, which follows from [a] being a lower vowel than [i]; as for the F2 frequency
data, the cross-language values are slightly higher for [i] (1490.4 Hz, sd = 210.2) than for
[0] (1410.3 Hz, sd = 164.6).

It must be pointed out that this scenario is less valid for spontaneous speech than for
laboratory speech. In contrast with laboratory speech conditions, it has been found that
[i] and [8] may overlap more or less considerably along the F1 dimension in spontaneous
speech, in which [i] is often produced with a higher F1 and thus a more schwa-like real-
ization than expected (Vasilescu et al., 2016). In line with previous experimental evidence
(Wedel et al., 2018), it may be true that in laboratory speech tasks speakers hyperarticu-
late words with [i] in order to distinguish them from competitors endowed with schwa
and perhaps other peripheral vowels as well. Moreover, it appears that the F1 frequency,
and thus the acoustic cue that better sets the two central vowels in contrast, is chosen for
this purpose.

Another reason for carrying out an analysis of vowel dispersion and overlap in the
present study stems from the fact that in the lexical items subject to analysis in Renwick
(2012), the Romanian stressed vowels were often preceded and followed by consonants
specified for different places of articulation, and, in addition, were produced in words dif-
fering in their number of syllables and endowed with various syllable structures (CV, VC,
CVC, CCCVC, CVCQ). Thus, for example, only [i] and [8] occurred in CV words. More
importantly, regarding the former variable, contextual /r/ was over-represented in words
with the two central vowel nuclei, but not in those with the five peripheral vowels. In
sum, based on Renwick’s data, it is still not perfectly clear whether the two Romanian
mid vowels, and especially schwa, are highly variable acoustically, which would be in
line with other world’s languages, or else whether they exhibit a restricted acoustic vari-
ability, at least along the F1 frequency dimension, which would be determined by their
phonological status.

A final goal of the present investigation is to compare the duration of the two central
vowels [i] and [a] with those of the five peripheral vowels [i e a o u]. This appears to be
a novel contribution insofar as no duration values for each of the seven stressed vowels
of Romanian are reported in Teodorescu (1985) and Renwick (2012, 2014). It should be
recalled in this respect that vowel duration increases with vowel opening, such that high
vowels are shorter than mid vowels, and mid vowels shorter than low vowels (Lehiste,
1970, pp. 18-19). Moreover, vowel duration data for the world’s languages reported in
Recasens (2021) reveal that stressed schwa is often the shortest of all stressed vowels, or
as short as high vowels, which, as just mentioned, are typically shorter than lower vowels
in vowel systems. It thus appears that the lack of a clear-cut constriction location, at least
for schwa, may go hand in hand with a short vowel duration, which again is prone to
occurring if the vowel is unstressed rather than if it is stressed. A partial exception appears
to take place precisely in Romanian, in which, according to Estill (2010), vowel duration
varies in the progression [i u] > [e o] > [a], and [8] and [i] are slightly shorter than [e o], but
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longer than [i u]. In view of Estill's data, it may then turn out to be the case that, given
their phonological characteristics, and in parallel to the corresponding formant frequency
values, the two Romanian central vowels (or just one of them) are longer than expected
because they are produced with some sort of articulatory target. Insofar as Estill’s study is
merely exploratory (the only piece of information about the experimental setup provided
in it is that the data were recorded from two Romanian newsreaders), a more controlled
dataset is warranted in order to verify whether this prediction holds or not.

To summarize, by using a more controlled experimental setup than in previous stud-
ies, and given the existence and the phonological status of the two central vowels [i] and [9]
in Romanian, the present study seeks to determine whether the following are true: (a) in
contrast with other languages in which stressed schwa is the only stressed central vowel,
Romanian stressed schwa has a vowel space of its own, exhibits less variation than reduced
vowels and shows a similar duration to [e] and [0]; and (b) in parallel to other languages
endowed with stressed [i] and [9], there is minimal overlap between these two central
vowels. Moreover, the position occupied by stressed schwa relative to the other vowels in
the vowel space should allow for ascertaining which is the most suitable IPA symbol for
phonetically transcribing this Romanian vowel.

2. Materials and Methods

In order to explore the research issues identified in the Section 1, acoustic data were
recorded and analyzed for the seven Romanian stressed vowels [i e a 0 u i 9] in the con-
textual, word type and sentence conditions referred to below. In light of differences in
vowel overlap between [i] and [3] depending on elicitation conditions reported in earlier
studies, data for vowels embedded in meaningful and nonsense words were recorded and
processed separately.

(a) Recordings were made of meaningful words in which the target vowel was
preceded and followed by consonants exhibiting the same place of articulation (see
Appendix A). There were four contextual conditions overall, i.e., labial/labiodental ([p b
f v]), dental/alveolar ([t s]), palatoalveolar ([[ 3 tf d3]) and alveolar lateral [I]. A partial ex-
ception was the palatoalveolar consonant condition, since due to lexical restrictions, the
consonant placed on the other side of the vowel was [s] in the lexical items [[es], [t[as]
and [30s]; this other contextual setup should not differ considerably from the symmetrical
one in view of the articulatory similarity between alveolars and palatoalveolars. On the
other hand, the reason why [l] was included as a separate contextual group is because, in
spite of being ‘clear’ in Romanian (and thus produced with a similar tongue fronting ges-
ture to other dentals and alveolars), it may involve some tongue dorsum and jaw lowering
and perhaps a slight tongue body retraction due to the laterality requirement involved
(Lindblad & Lundqvist, 2003). Real words were uttered in meaningful sentences and con-
formed to the syllable structures CVC([c])V (20 cases) and, to a much lesser extent, CVC(C)
(6 cases) and CVCCV(C) (2 cases). The stressed vowel subject to analysis thus occurred in
open CV syllables (20 cases) rather than in closed CVC syllables (8 cases). All subjects who
took part in the recording procedure were familiar with the chosen regional words, which
are available in the real word list reproduced in Appendix A. In order to render these
words more familiar to the reader, they were presented in distinctive sentences; thus, for
example, bibci appears in the sentence nu stiu ce sunt bibci “1 don’t know the meaning of
the word bdbci”, and sitd appears in the sentence se zicea si satd “sata was said as well”.

(b) Nonsense CVC[a] words with identical prevocalic and postvocalic consonants
were also recorded in the meaningful sentence frame spun...aga “I say...so” (see Appendix B).
There were six contextual conditions in this case, i.e., bilabial ([p]), dental ([t]), palatoalve-
olar ([[]), velar ([k]), alveolar lateral ([1]) and alveolar rhotic ([r] word-initially, [c] intervo-
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calically). The reason why the alveolar rhotic was included as a separate contextual group
is because, due to manner of articulation requirements, and mostly in the case of the trill,
it may be articulated with a somewhat lowered tongue predorsum and blade and some
tongue body retraction (see for Spanish rhotics, Proctor, 2009). It also needs to be said that
Romanian velars are realized as purely velars before low and back vowels, and exhibit a
(post)palatal realization before front vowels (Rosetti, 1967, p. 77). Some linguists consider
that these fronted velars are allophones of the palatalized phonemes /ki/ and /gl/ (Vasiliu,
1989, p. 5). The subjects were informed that some of the words appearing in the nonsense
word list could be equal or similar to existing words. Even though a small number of these
words have a meaning in Romanian, they must have been treated as nonsense by the sub-
jects who took part in the acoustic recordings, insofar as they were read together with all
the other nonsense words in the sentence spun...asa.

The speech material was read by three males (THE, SEB, RAD) and three females (SIM,
NIC, LIV). Subjects SIM and THE were 39 and 45 years old, respectively, and were born
and have always lived in Bucharest. Subjects SEB and LIV were 55 and 54 years old, re-
spectively, were born in Piatra Neamt in the historical Romanian region of Moldova, have
lived in Spain since the early 1990s and speak Romanian regularly as a couple and with
their friends and family. NIC was 56 years old, was born in lasi (also placed in Moldova)
and has been living in Spain since 2013. RAD was born in Buzdu, which is located in the
historical region of Muntenia, was 40 years old and lived in Romania until the age of 28.
Both NIC and RAD used the Romanian language at work and with their family and friends.
Sentences were recorded 5 times each at a 48 kHz sampling rate using an AKG PERCEP-
TION 200 microphone and a Marantz PMD660 recorder. Recordings were carried outin a
quiet room at the Faculty of Philology of the University of Salamanca.

The four last repetitions of the meaningful and nonsense words were analyzed acous-
tically using Praat (Boersma & Weenink, 2024). For all vowel tokens, the following land-
marks were used for identifying the vowel onset and offset times on 0-5 kHz spectro-
graphic displays: the onset of voicing after the burst of the preceding stop and closure
onset for the following stop; the high intensity vowel formant edges bordering the frica-
tion period for fricatives; the low intensity formants for [1], and also for [r] if realized as an
approximant; and the short closure period whenever contextual [r] was implemented as
an alveolar tap or as an alveolar trill. The segmentation criteria for contextual stops and
fricatives were used in order to identify the onset and offset times for vowels in the context
of affricate consonants. After segmentation, the first author measured the F1, F2 and F3
frequency values of the target vowels at their midpoint by placing the cursor manually in
the middle of the vowel. The Praat LPC formant tracker was used to assist in formant mea-
surement in specific cases: whenever formant displays were visually unclear; whenever
two formants came close to each other, as in the case of F1 and F2 for [a], and F2 and F3 for
[i; and whenever F1 for high vowels approached the voicing bar. The formant tracking
procedure was set up for six formants and a 0.015 ms window length.

The formant frequency data were subjected to the Lobanov vowel normalization
method in order to compare vowel formant frequencies across speakers (see Adank et al.,
2004 for details). This transformation was carried out because it is known that absolute
formant frequency values are influenced by individual differences in a speaker’s vocal
anatomy. The Lobanov method has been characterized as vowel-extrinsic, since it uses
acoustic information distributed across more than one vowel category of a given speaker,
i.e., the overall mean formant frequencies across all vowels for that speaker, as a correc-
tion factor for the frequencies of the individual vowels. It is computed separately for each
formant and speaker using the formula Fn[V]N = (Fn[V]—Xn)/on, where Fn[V]N is the
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normalized value for the formant n of vowel V, and Xn and on are the mean and standard
deviation values for formant n for the speaker in question.

Several statistical tests were carried out in order to evaluate whether the two central
vowels [i] and [a] differed significantly in F1 and F2 frequency, and also the extent to which
duration differences among the seven Romanian vowels achieved statistical significance.
For this purpose, main effects and vowel X consonant interactions for the formant fre-
quency data, and main effects for the duration data, were computed by means of a linear
mixed model (LMM) analysis, with vowel and contextual consonant as fixed factors and
subject as a random factor, using SAS 9.4 (SAS Institute Inc., Cary, NC, USA). Separate
tests were carried out for the meaningful and nonsense word conditions. Tukey-Kramer
post-hoc tests were used for determining whether pairwise comparisons between contex-
tual consonants were significant or not. In all statistical tests, the significance level was set
at p <0.05.

3. Results
3.1. Formant Frequency

Figure 2 shows the normalized F1 x F2 frequency values across speakers for Roma-
nian [i e a o u i 9] produced in meaningful words (left graph) and in nonsense words
(right graph). The formant frequency values located inside the vowel ellipses correspond
to the different consonant context conditions (four for meaningful words, six for nonsense
words). In Figures 3 and 4, the unnormalized F1 x F2 values for all vowel tokens are plot-
ted separately for each speaker. Each ellipse includes 16 data values for the meaningful
words (four contextual consonants x four repetitions) and 24 data values for the nonsense
words (six contextual consonants x four repetitions).

Normalized F2 (Lobanov)

1 0 -1 2 2 1 0 -1 -2

&)
:

(aoueqoOY) 14 pazieuuoN

Figure 2. Normalized F1 x F2 frequency values across speakers for Romanian vowels [ieaou i
9] produced in meaningful words (left graph) and in nonsense words (right graph). F1 x F2 data
values for each vowel correspond to different consonant context conditions, and are encircled by 95%
confidence ellipses.
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Figure 3. F1 x F2 frequency values for all tokens of the Romanian vowels [i e a 0 u i 8] produced in
meaningful words. They are encircled by 95% confidence ellipses and displayed separately for the
six Romanian subjects.

According to Figure 2, the two peripheral mid vowels are generally placed midway
between the high and low vowels, and somewhat closer to the former than to the latter in
the case of the nonsense word condition. As shown by Figures 3 and 4, this scenario is
available for all speakers (nonsense word condition) and for subjects THE, SEB and SIM
(meaningful word condition), and consequently appears to be consistent with the use of
the symbols [e] and [o0], instead of [¢] and [o], for the transcription of the two Romanian
mid vowels (Dascalu, 1971; Vasiliu, 1989, p. 1; Renwick, 2021). On the other hand, the
three figures also show that the central vowels [i] and [a] are roughly equidistant between
the front and back vowels, and placed at the same height level as high vowels in the case of
[i], and as mid vowels for [a]. Moreover, the F1 x F2 data plotted in Figure 2, and for most
speakers in Figures 3 and 4, also reveal that these two central vowels, and perhaps schwa
more than [i], may lie somewhat closer to the back vowels [u] and [o0] than to the front
cognates [i] and [e] along the F2 dimension. It is indeed often the case that the ellipses for
both [i] and [a] approach very closely those for [u] and [o], and may intersect with them,
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but may intersect barely or not at all with the ellipses for [i] and [e]. This turns out to be
the case for subjects THE, SIM, RAD and LIV (meaningful words), and for THE, SIM, SEB
and RAD (nonsense words). Insofar as the F2 frequency for front and central vowels is
positively associated with tongue body fronting, these F2 data could be indicative that [i]
and [9] are produced with a somewhat retracted tongue body configuration. These data
differ from those reported by Teodorescu (1985) and Renwick (2012) in that [e] and [o]
are somewhat higher, and [s] somewhat more retracted, in our study than in theirs. Our
acoustic data confirm that the stressed mid vowels are mostly mid high in Romanian, while
suggesting that the stressed mid central vowel could be transcribed with the IPA symbol
[3], though [A] may not be entirely discarded in view of the fact that, while being essentially
central, the vowel in question may approach the mid back vowel in the vowel space.
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Figure 4. F1 x F2 frequency values for all tokens of the Romanian vowels [i e a 0 u i 8] produced
in nonsense words. They are encircled by 95% confidence ellipses and displayed separately for the
six Romanian subjects.
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Vowel dispersion as a function of speaker and word type may be evaluated based on
the size and orientation of the ellipses displayed in Figures 2—4, and the standard devia-
tion values across vowel tokens plotted separately for F1 and F2 in Figure 5. Regarding
the five peripheral vowels, there is a trend, which has also been observed to a greater or
lesser extent in other languages (English: Hillenbrand et al.,, 2001; Swedish: Fant, 1973;
Catalan: Recasens & Espinosa, 2006), for back vowels to vary mostly in F2 frequency, for
low vowels to vary in F1 rather than in F2, and for front vowels to vary both in F1 and
F2. These general trends are often apparent for the cross-speaker data plotted in Figure 2.
Also, in accordance with previous studies, the ellipses appearing in this figure show that
the front vowels [i] and [e] are less variable than the other vowels [a], [0] and [u], this be-
ing the case for the meaningful words but not for the nonsense words. It appears, then,
that vowels coarticulate less with the contextual consonants, and consequently approach
their articulatory target more closely, in the latter word condition than in the former one.
In line with these vowel-dependent patterns of formant frequency variability, the data for
the individual speakers displayed in Figures 3 and 4, and for subjects THE, SEB, RAD and
LIV (meaningful and nonsense word conditions) in particular, show that overlap between
those peripheral vowels which are adjacent in the vowel space is greater for back vow-
els than for front vowels: while the ellipses for [i] and [e] are kept separate, those for [u]
and [o] and for [0o] and [a] come closer together, and may exhibit some superposition (see
Martinet, 1952, p. 24 regarding the same difference in the margins of security between the
mid vowels of the front and back series).

F1 F2

- THE SEB RAD SIM NIC LIV THE SEB RAD  SIM NIC LIV
Z 140 350

Meaningful *° 200
words 60 150

Nonsense 0 200
words

Figure 5. Cross-token standard deviations for the F1 and F2 frequency values for the seven Romanian
vowels, displayed as a function of word type and speaker. Vowels are placed from left to right in
the order [i e a o u i 8] for each subject.

The main consonant-dependent effects for the five peripheral vowels observable in
Figure 2 are as follows. Regarding back vowels, the maximal F2 values correspond to
palatoalveolar consonants, which cause the tongue body and lips for [u], and to a lesser
extent for [0], to front and unround, respectively, and the minimal F2 values correspond to
adjacent labial and velar consonants, which do not trigger those coarticulatory effects dur-
ing back vowels. In particular, the cross-speaker means for the palatoalveolar and labial
contexts in the real word condition amount to 1315.13 Hz and 798.42 Hz for [u] and to
1277.29 Hz and 967.33 for [o] (unnnormalized data), and to —0.45 and —1.65 for [u] and
to —0.64 and —1.32 for [o] (Lobanov normalized data). As for the low vowel [a], F1 may
be lower or higher, respectively, depending on whether the adjacent consonant is artic-
ulated by means of a high tongue body and jaw position (palatoalveolars), or a relatively
low tongue body and jaw position (the alveolar lateral [1]). The actual cross-speaker means
for the real word condition are 849.88 Hz for [a] next to [1], and 756.79 Hz for [a] next to
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palatoalveolars, with the corresponding normalized values being 2.43 and 1.71. In spite
of it being clear in Romanian, the alveolar lateral should be produced with a lower jaw
than other consonants, due to the requirement during the production of laterals for the
tongue front to be lowered to allow the passage of air through the sides of the mouth
(Mooshammer et al., 2007, and see Section 2). As for [i] and [e], F2 lowers and F1 rises
when they are flanked by consonants such as [l] and [r], which exhibit a primary or sec-
ondary constriction at the back of the vocal tract (see Section 1). This is in agreement with
Dascalu (1971), who observes a higher F1 for [e] in contact with a syllable-final rhotic than
with other Romanian consonants. Thus, for example, in the meaningful word data from
our study, [i] exhibits higher F1 and lower F2 frequencies across speakers when it is next
to [1] than to the other consonants: 412.6 Hz and 2323.17 Hz (unnormalized values), and
—0.96 and 1.68 (normalized values).

Shifting now to the two central vowels, which are of special concern in the present
investigation, the ellipses displayed in Figure 2 indicate a more variable realization for [i]
than for [a] with regard to the F2 frequency and thus vowel fronting degree. According to
the F1 x F2 data for the individual speakers plotted in Figures 3 and 4, and, most clearly,
to the standard deviation values presented in Figure 5, this turns out to be the case for all
speakers and word conditions, with only two exceptions, i.e., speaker SEB (meaningful
words) and speaker RAD (nonsense words). Moreover, for those same speakers, F2 for
[i] may be as variable as F2 for the highly variable vowel [u], or else more variable than
F2 for any of the five peripheral vowels. As for the stressed vowel [a], formant frequency
variability is quite comparable to that of the peripheral vowels. Thus, for example, focusing
on the standard deviation values for F2 (see Figure 5, meaningful and nonsense words), it
may be seen that [a] is often less variable than [i] and [u] and as variable as mid and low
vowels. Moreover, judging from the orientation of the ellipses observable in Figures 2—4,
this vowel happens to be more variable in F1 frequency than in F2 frequency, and thus
more variable in vowel height than in vowel fronting, for some speakers (THE, SIM and
NIC, meaningful words; THE, SIM, NIC and LIV, nonsense words), whereas the opposite
is true for other subjects (SEB, RAD and LIV, meaningful words; RAD, nonsense words).
In sum, there is a trend for [i] to be more variable than [o] and the other peripheral vowels
in F2 frequency, and for [] to exhibit a comparable degree of contextual variability to that
of the peripheral mid and low vowels.

Most importantly, the ellipses displayed in Figures 2—4 reveal that there is very little
overlap in the F1 dimension, if any, between the vowel spaces for [i] and [9], irrespective of
word type and subject, thus suggesting that speakers avoid these two vowels from being
confused in production. In particular, the real words show no overlap for THE, SIM, RAD
and LIV and practically no overlap for NIC, while regarding nonsense words, there is es-
sentially no overlap in the case of SIM and NIC, practically no overlap for SEB, RAD and
LIV, and some more overlap for THE. Consistently with this observation, the F1 frequency
values turned out to be significantly higher for [a] than for [i] for the two word type condi-
tions, i.e., meaningful (F(1, 35) = 325.77, p < 0.001) and nonsense (F(1, 35) = 13.44, p <0.001),
while the corresponding differences in F2 achieved significance for the nonsense words
(F(3, 35) = 48.86, p < 0.001) but not for the real words. Regarding superposition degree be-
tween the ellipses for the central and peripheral vowels, and as already pointed out above,
Figures 2—4 reveal that some overlap may occur between [i] and [u], on the one hand, and
between [a] and [0] and [a], on the other hand, and therefore between central and back and
low vowels, but essentially not between either of the two central vowels and the two front
vowels [i] and [e].

Consonant-dependent formant frequency differences achieved significance for F2
(p <0.001) but not for F1 in the case of both [i] and [3] and the two word conditions, thus
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indicating that acoustic changes as a function of the contexual consonants occur in vowel
fronting rather than in vowel height. In particular, significant F2 differences for [i] were
found to vary with consonant type in the progression palatoalveolar > dental/alveolar,
[1] > labial (meaningful words), and palatoalveolar, dental, [I] > [r] > (palato)velar > labial
(nonsense words). Focusing on the meaningful word condition, the cross-speaker F2 fre-
quency values for [i] parallel those for [u], in that F2 is lowest when the vowel occurs
next to labial consonants (1252.33 Hz for the unnormalized data, —0.67 for the normalized
data) and highest when adjacent to palatoalveolar consonants (1803.21 Hz, 0.56), with the
latter contextual trend being associated with the tongue body fronting and unrounding
coarticulatory effects exerted by the consonant on the vowel. As for the stressed vowel
[3], consonant-dependent effects on F2 frequency turned out to be significantly lower for
labials than for all the other consonants. Descriptive data for the meaningful word condi-
tion indicate that, similarly to the vowel [a], F1 is highest in the adjacency of [1] (650.50 Hz,
0.85), and F2 rises most in the adjacency of palatoalveolars (1563.29 Hz, 0.01).

An additional piece of information is provided in Figure 6 showing the normalized
F2 x F3 frequency values across speakers for all Romanian vowels produced in meaning-
ful words (left graph) and in nonsense words (right graph). The F2 x F3 data values ap-
pearing inside the ellipses correspond to the different consonant context conditions (four
for meaningful words, six for nonsense words). The figure shows that, except for [i] and, to
a lesser extent, [e], there are no clear-cut F3 differences between vowels, which means that
[] and [s] may be set in contrast acoustically based on the F1 and F2 frequency values alone.

Normalized F2 (Lobanov)

(A0uRqOT) £ pazIEULION

Figure 6. Normalized F2 x F3 frequency values across speakers for the Romanian vowels [ieaou 2]
produced in meaningful words (left graph) and in nonsense words (right graph). The F1 x F2 data
values for each vowel correspond to the different consonant context conditions, and are encircled by
95% confidence ellipses.

3.2. Duration

The linear mixed model statistical test run on the vowel duration data yielded a
main vowel effect for the two word type conditions (meaningful words: F(6, 153) = 15.62,
p <0.001; nonsense words: F(6, 235) = 33.99, p < 0.001). Regarding the five peripheral vow-
els, the duration data across speakers, displayed in Figure 7, and the results for the post
hoc tests for the nonsense words, shown in Figure 8 (right panel), indicate differences in
vowel duration proceeding in the progression [a] > [e o] > [i u]. Therefore, as expected,
peripheral vowels shorten as they become higher in the vowel space. Smaller duration dif-
ferences among vowels hold for the meaningful words, which explains why the left panel
of Figure 8 exhibits less significant effects than the right panel. Differences in vowel dura-
tion between high, mid high and low vowels may also be seen for the individual speakers
in Figure 9.
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Figure 7. Mean duration and standard deviation values for the Romanian vowels [i e a 0 u i 8] across
tokens and speakers, displayed separately for the meaningful words (left) and the nonsense words

(right).
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Figure 8. Significant differences for all vowel pairs above the grey color cells, according to results
from the post hoc tests for the meaningful word condition (left) and the nonsense word condition
(right) (* p <0.05, ** p <0.01, *** p <0.001).
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Figure 9. Mean duration and standard deviation values for Romanian [i e a 0 u i 8] across tokens,
displayed for each speaker and word type condition.

Regarding the two central vowels, two major findings come to our attention (see
Figures 7 and 9): [o] is longer than [i] for all speakers and word type conditions, with a
single exception (speaker LIV, meaningful words); and schwa duration is comparable to
the duration of the peripheral mid vowels, and [i] is not longer than high vowels. There-
fore, in contrast with other world languages, Romanian schwa turns out to not be shorter
than all or most of the other vowels in the language, while [i] may be characterized as a
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short vowel. The statistical results (see Figure 8) are in accordance with the descriptive
data in the case of the nonsense word condition, insofar as [i] differs from [e a o], but not
from [i u], while [3] differs from high and low vowels, but not from mid ones. Also, the
durational contrast between [a] and [i] (for [a] > [i]) achieved significance for the nonsense
words, but not for the meaningful words.

4. Discussion

The acoustic data for the Romanian stressed vowels [i e a 0 u i 3] produced by six
speakers reveal that [e] and [o] are roughly midway between the high and low vowels,
though they are closer to [i] and [u] than to [a]. As for the two central vowels, while [i] may
be characterized as high central and [2] as mid central, both [i] and [3] (and [o] more than
[i]) may occur closer to the back vowels than to the front vowels in the vowel space. The
latter finding is in accordance with other world’s languages whose stressed schwa is also
central but leaning towards the space occupied by [s]. Regarding phonetic transcription,
and based solely on phonetic considerations, [2] appears to be the most suitable IPA symbol
for Romanian stressed schwa, since retracted [a]-like realizations of this vowel appear to
occur in specific consonantal contexts only. In any case, the symbol [4] used in Renwick
(2012, 2014, 2021) cannot be entirely rejected until data from more speakers are taken into
consideration. It should be mentioned, in this respect, that both the symbols [a] and [¥]
or [a] have been used in the literature for the phonetic representation of the stressed mid
central vowel in phonetic studies of other languages and dialects. The precise nature of
the articulatory configuration during the production of the two Romanian central vowels
should be ascertained with data on tongue configuration recorded with ultrasound or MRI
(magnetic resonance imaging). Apparently, in the spirit of Renwick, another reason for
not rejecting the symbol [], which is of no concern to the present study, is for purely
phonological reasons, in view of the phonemic status of this vowel in Romanain (see our
comments on this issue in Section 1).

Our data agree with Renwick (2012) in showing that there is often a more variable F2
frequency for [i] than for [8] and for the peripheral vowels, which, analogously to the back
rounded vowels, is mostly associated with the tongue fronting and unrounding coarticu-
latory effects exerted by palatoalveolar and palatal consonants on the high central vowel.
Stressed schwa, on the other hand, turns out to be generally more variable in vowel opening
(F1) than in vowel fronting (F2), and may thus be somewhat higher or lower, with, analo-
gously to the low vowel [a], the highest F1 occurring next to [l r], and the highest F2 next
to palatals and palatoalveolars. This scenario contrasts with that of other languages with
stressed schwa and no [i], showing that this vowel is more variable acoustically than all or
most peripheral vowels, while suggesting that it has an articulatory target in Romanian,
presumably since it must be distinguished from [i]. Another relevant finding is that mid,
back and low vowels were more variable and thus exposed to greater consonant-to-vowel
coarticulatory effects, in the case of the meaningful vs. the nonsense word condition.

Of special relevance to the relationship between phonetics and phonology is the ab-
sence or minimal presence of F1 overlap between the vowel spaces for [i] and [3] for those
speakers whose acoustic data were subjected to analysis in the present study, which may
nevertheless intersect to a greater or lesser extent with the vowel spaces of neighbouring
peripheral back vowels. The validity of this finding, which has also been reported to occur
for other languages endowed with [i] and [s], supports the view that overlap in production
is avoided because the two vowels have a distinctive phonological status in the Romanian
language. As found by Vasilescu et al. (2016), while holding for the laboratory speech
condition, this clear-cut acoustic distinction does not necessarily operate in spontaneous
speech, where the two mid vowels are not hyperarticulated.
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The duration data for the two Romanian central vowels reported in the present study
reveal that [i] is shorter than [s], the two vowel durations being in the range of the high
and mid vowels, respectively. This difference in duration, which is in contrast with other
languages with stressed schwa, is in accordance with the difference in formant frequency
variability reported above, insofar as the vowel showing the greatest variability (i.e., [i]) is
also the shorter one of the two, while suggesting, at the same time, that the tongue body
configuration for stressed schwa may be subject to active articulatory control by Romanian
speakers. Moreover, duration differences between the central and peripheral vowels, and
also between [i] and [9], turned out to be greater in the nonsense vs. the meaningful word
condition (see Figure 7).

To summarize, the data for the two Romanian central vowels reveal that [i] is more
variable and shorter than schwa, while schwa differs from other languages in being longer
and not too variable. A reason for this finding may be the need to set in contrast the two cen-
tral vowels phonologically. Itis important to stress that even though the high central vowel
[i] has a marginal occurrence status in Romanian, it appears to be phonetically different
from all the other Romanian vowels. As for stressed schwa, its formant frequency and
duration characteristics suggest that it is articulated not only with a mid tongue position
(and thus is neither too high nor too low), but also with some tongue body approximation
towards the back of the vocal tract.

The acoustic characteristics of Romanian vowels differed as a function of word type
condition: generally speaking, they were shorter, less contrastive (both regarding vowel
quality and duration) and spectrally more disperse, and thus more sensitive to consonant
coarticulatory effects, in meaningful vs. nonsense words, presumably because they were
more hyperarticulated in the latter word type condition than in the former one. Moreover,
it is worth noticing that, while the central vowels [i] and [9] turned out to be closer to each
other in duration and more spectrally variable in meaningful vs. nonsense words, they did
not exhibit greater overlap in F1 frequency in the former vs. the latter word type condition.
Indeed, the statistical results showed significant F1 differences between [i] and [9] when
produced both in meaningful words and in nonsense words. This piece of evidence may
be attributed again to the need to set in contrast the two central vowels on the part of the
Romanian speakers.
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Appendix A

The list of meaningful sentences with Romanian orthographic representations and En-
glish translations. The words containing the stressed vowels subject to analysis are given

in phonetic transcription in the left column.

Labial context

[pipe]  tutun pentru pipa “pipe tobacco’

[febra] ai putind febrd ‘you have a little fever’

[babsa]  a murit o baba ‘an old woman died’

[popa] vorbesc cu popa ‘I am talking to the priest’

[buba] azis-a spart buba ‘today everything was revealed’

[bive]  s-aapucat de bava ‘(s)he insists in denying the fact’

[bobt]] nu stiu ce sunt babci ‘I don’t know the meaning of the word babci’

Dental/alveolar context

(babci: a regional word meaning ‘hand anvil” (pl.))

['sito] vede ca prin sita ‘(s)he has a blurry vision’

['test] medicii fac un test ‘doctors do a test’

[tata]  nu vorbesc cu tata ‘I am not talking to my dad’

['sotsul] a venit cu sotul ‘she came with her husband’

[tuse] o criza de tuse ‘a coughing attack’

['tita] se zicea si tata ‘tata was said as well’ (tata: a short form of the
indefinite pronoun atata)

['sata] se zicea gi sata ‘sdtd was said as well’ (sata: a regional word

Palatoalveolar context

meaning ‘sieve’)

['sizie]  a curge jijie ‘to have a runny nose’

[Jes] pastea pe un camp ses ‘it was grazing on a flat field’

[tfasul] merge cu ceasul ‘it works out perfectly’

[30s] a lasa ochii in jos ‘to keep his eyes down’

['dzufks] Constantina Giusca ‘Constantina Giusca’ (person name)

[3itf] pluralul e jaci ‘the plural is jaci’ (jaci: a regional word meaning
‘young and strong-willed” (pl.))

[faf] nu stiu cuvantul sas ‘I don’t know the word sds’ (sds: a regional

Alveolar lateral context

word meaning ‘support’)

1lie anta de lilie al ant
il planta de lili ‘alily plant’
ela am umblat lela ave been wanderin
Tel blat lel ‘T have b dering’
[lalo] eu i zic lala ‘I call her lala” (lala: a regional word used by young
girls to talk respectfully to or about an older sister)
[lola] eu i zic lola ‘I call her lola” (lola: a regional word to designate an
older or an unkempt and poorly dressed woman)
‘ . ‘pipe tobacco’ (lula: a regional word meaning
[luls] tutun de luld L
pipe’)
[1ila] o femeie lala ‘a lazy woman’
. - ‘I say the word 1ald”" (lala: a regional word
Tal 114l
[1o1o] spun cuvantul faia expressing physical or mental pain).
Appendix B

The list of nonsense words in phonetic transcription and with Romanian orthographic

representations.
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Labial context: ['pipa] pipd, ['pepa] pepd, [ papa] papd, ['popa] popd, ['pups] pupd, [ pips]
pépd, 'papa] papd.

Dental context: ['tito] titd, ['teto] tetd, ['tato] tatd, ['tota] totd, ['tuts] tutd, ['tite] tatd, ['tots]
tatd.

Palatoalveolar context: [ '[ifa] sisd, ['[e[a] sesd, ['[a[o] sasd, ['[ofa] sosd, ['[ufo] susd, ['[ifo] sisd,
[Jofo] ssd.

(Palato)velar context: ['kika] chicd, ['keka] checd, ['kaka] cacd, ['koka] cocd, [kuka] cucd,
['kike] cdcd, ['koka] cicd.

Alveolar lateral context: [1ilo] lilg, ['lela] leld, ['1ala] lald, [1ola] lold, ['luls] luld, ['lila] lald,
['Iala] lald.

Alveolar rhotic context: ['rica] rird, ['reca] rerd, ['rara] rard, ['roca] rord, ['ruca] rurd, ['rico]
rdrd, ['roca] rdird.
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