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Figure 3 Spectrograms of the tokens [koand´] (above) and [kwant´] (below).

the rate at which the second formant drops is faster in the glide-vowel sequence. A higher
value indicates a faster transition rate. The difference was statistically significant for all four
speakers (p = .000). For [wa] and [oa], however, the transition rate turned out to be comparable
(p > .05).

The F2 onset values also turned out to be significantly different for [ ja] and [ea] for all four
speakers, with F2 starting higher for [j] than for the [e] of the diphthong (p = .000). The F2
onset values were comparable for [wa] and [oa] for three of the four speakers. Interestingly,
one speaker showed a statistically significant difference (p = .005), but in the unexpected
direction. For the second speaker the F2 onset of [w] was found to be significantly higher than
that of [o] in the diphthong. The F2 of [w] is actually predicted to be lower, since the glide
[w] may involve more pronounced lip rounding than [o]. This difference is treated simply as
an idiosyncratic aspect of his speech. The results are summarized below.

To summarize, for [ ja] and [ea] all the parameters measured showed a statistically
significant difference, supporting a different phonological analysis for glide-vowel sequences
and diphthongs. The different phonological behavior of [ ja] and [ea] is reflected in their
different phonetic realizations. The shorter total duration and transition duration of [ea] are
consistent with the representation of the diphthong as a single segment contained in a syllable
nucleus. The longer duration of [ ja] supports its representation as a sequence of two segments,
filling an onset and a nucleus. Moreover, the higher F2 onset of [ ja] and its faster transition
rate show that the first elements of [ ja] and [ea] have different vowel qualities.
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Figure 4 Total duration of [ ja] vs. [ea] for all four speakers (p < .01).

Figure 5 Total duration of [wa] vs. [oa] for all four speakers (p >.05).

At the same time, however, the different phonological behavior of [wa] and [oa] is
not reflected in the acoustics. The results of the acoustic measurements do not support
the distinction proposed in the phonological analysis of the back glide-vowel sequence and
diphthong.

Before moving on, it is important to perform a further test, to determine whether this
asymmetry between the two pairs is not perhaps due to the asymmetries in distribution between
sequences and diphthongs outlined at the beginning of the paper. It was pointed out in section
1 that, due to the low number of words containing the orthographic 〈ua〉 sequence, a balanced
wordlist pairing [wa] and [oa] is impossible to construct, unless it is limited to very few pairs
of words. Hence the relatively short [wa]–[oa] list used in this study, and presented in (13).
Out of the five [wa] words in the list, two have the prescribed, invariant [wa] pronunciation,
but they represent close to half of the list. In the longer [ ja]–[ea] list, however, three out of
twelve [ ja] words, a lower ratio, have the invariant [ ja] pronunciation. The remaining nine
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Table 4 Transition duration (ms) -- average values.

Speaker
[ ja] [ea]

1 115 84 t(35) = −7.7Ù
2 134 96 t(35) = −9.9Ù
3 121 98 t(35) = −4.5Ù
4 84 57 t(35) = −5.8Ù

[wa] [oa]

1 113 97 t(14) = 1.7
2 104 91 t(14) = −1.6
3 128 119 t(14) = −.64
4 93 87 t(14) = .47

Figure 6 Transition duration of [ ja] vs. [ea] for all four speakers (p < .01).

words have the prescribed [i.a] pronunciation. Although the speakers were closely monitored
during the recording sessions, and impressionistically none were heard to produce hiatus, it is
true that this pronunciation remains an option for them. The [ ja]–[ea] list, therefore, contains
more words in which the glide can potentially be realized as a vowel, thus with a possibly
longer duration. If the speakers produced something closer to the vowel [i] than to a glide,
that alone could have caused the [ ja] duration to be longer.1

This possibility was tested by re-doing the statistical analyses on just a subset of the [ ja]–
[ea] list, that exactly matches the composition of the [wa]–[oa] list. This time, two words
contain the invariant [ ja] pronunciation (the first two on the right), and the other three contain
the prescribed hiatus:

1Thanks to Donca Steriade for pointing out this possibility.
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Figure 7 Transition duration of [wa] vs. [oa] for all four speakers (p > .05).

Table 5 F2 transition rate (Hz/ms) -- average values.

Speaker
[ ja] [ea]

1 5.85 4.01 t(35) = −7Ù
2 4.03 2.48 t(35) = −6.6Ù
3 6.52 3.05 t(35) = −7.8Ù
4 8.48 4.89 t(35) = −7.1Ù

[wa] [oa]

1 3.73 3.6 t(14) = −.69
2 3.47 3.35 t(14) = −.61
3 4.65 5.26 t(14) = 1
4 5.67 5.47 t(14) = −.31

(14) Subset of [ ja]–[ea] list

[Ceá] [Cjá]
beatE ‘drunk’ fem. bjatE ‘poor’ fem.
kafeawa ‘coffee’ def. ka fjara ‘like beast’ def.
klipealE ‘blink’ kopjatE ‘copied’ fem.
vesteaw ‘they announced’ vestjar ‘locker room’
grEmEdealE ‘crowd’ kanadjanE ‘Canadian’ fem.

The new comparison yielded very similar results to those based on the longer list. All four
speakers showed a statistically significant difference between the total duration of [ea] and
[ ja] (p < .01), the transition rate (p < .05), and the F2 onset (p < .01). Two of the speakers also
showed a statistically significant difference in the F2 transition duration (p < .01), whereas
speakers 2 and 3 did not (p > .05). Upon re-examining the data of speakers 2 and 3, it could
be seen that a large number of their [ea] tokens had nearly flat F2 trajectories. For this reason,
in these tokens the duration of the F2 transition was taken to be the same as the total duration
of the diphthong, because there was no point during the diphthong where F2 fell by more than
20 Hz. The flatness of the F2 trajectory in the data of speakers 2 and 3 thus accounts for larger
individual values for the F2 transition duration in many of the [ea] tokens.

What is important for the present study, however, is the fact that a significant difference
in the total duration of sequences and diphthongs is still present in the subset of the tokens for
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Table 6 F2 onset (Hz) -- average values.

Speaker
[ ja] [ea]

1 2086 1692 t(35) = −16.6Ù
2 1971 1653 t(35) = −10.1Ù
3 2074 1611 t(35) = −12.1Ù
4 2524 1918 t(35) = 13.5Ù

[wa] [oa]

1 945 1003 t(14) = 1.9
2 1112 1075 t(14) = 3.2Ù
3 860 908 t(14) = 1.9
4 1128 1184 t(14) = .9

Figure 8 F2 onset of [ ja] vs. [ea] for all four speakers (p < .01).

Figure 9 F2 onset of [wa] vs. [oa]. p < .01 for speaker 2; p > .05 for remaining speakers.

all four speakers. This finding further strengthens the evidence that speakers did not resort to
the hiatus pronunciation prescribed for some of the 〈ia〉 sequences, and validates the earlier
results, based on the complete wordlist.

The results of the production study will be further tested in a perception experiment, which
is described in the next subsection.
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4.2 Experiment 2: Perception

4.2.1 Methodology
The goal of the perception experiment is to determine whether native speakers can perceive
the difference between glide-vowel sequences and diphthongs. Based on the results of the
acoustic study, separate predictions can be made about the front and back vocalic sequences,
respectively. Listeners should be able to correctly identify [ ja] and [ea], whose phonetic
realization was found to be different. Given that no difference was found in the production
of [wa] and [oa], the prediction is that listeners will not be able to correctly identify the
glide-vowel sequence and the diphthong.

The tokens of one male speaker, speaker 1, were used in the perception experiment.
The [ea], [ ja], [wa], [oa] portions were excised from each word, using the segmentation
criteria described in section 4.1, for the total duration of the sequence/diphthong. The files
were transferred to a different computer, where they were converted into audio files and
randomized for the perception experiment using the Bliss perception software (Mertus 1985).
Two separate tests were set up, one containing the [ ja] and [ea] tokens, the other containing
the [wa] and [oa] tokens. Two repetitions of each token, chosen randomly, were included
in a practice test (24 [ ja] sequences, 24 [ea] diphthongs, 10 [wa] sequences and 10 [oa]
diphthongs). All the tokens recorded, with additional three repetitions of each, were included
in the actual perception test (108 [ ja] sequences, 108 [ea] diphthongs, 45 [wa] sequences,
45 [oa] diphthongs). The two tests were transferred onto analog tapes on the Marantz tape
recorder.

The perception tests were administered in Bucharest. The subjects were fourteen native
speakers of Romanian, five male and nine female. Two of them were teenagers (aged 13 and
15 years), and the rest were aged between 25 and 60 years. Some speakers took the tests
individually, others took it in small groups, on different days. The two tests ([ ja]–[ea] and
[wa]–[oa]) were given in different order to different groups of listeners. The test tapes were
played on the Marantz tape recorder, in a quiet room, and no headphones were used.

The subjects were asked to listen to the practice test first. For the actual tests they were asked
to perform an identification task. This particular task was chosen rather than a discrimination
task precisely in order to make the test more difficult. The intention was to test not only the
listeners’ ability to distinguish between glide-vowel sequences and diphthongs, but also their
ability to reliably identify the sequences and the diphthongs, based on the acoustic parameters
studied in experiment 1. Each listener was given a sheet on which two different orthographies
were marked for each token: 〈ia〉 and 〈ea〉 for one test, 〈ua〉 and 〈oa〉 for the other. The listeners
were asked to circle the spelling they considered appropriate for each token they heard.

4.2.2 Results
The answers to the two perception tests were analyzed by a binomial sampling distribution test.
The two predictions based on the production study were both borne out. The sequence [ ja]
and the diphthong [ea] were reliably correctly identified at a significance level of .05 (z = 33).
The sequence [ ja] was correctly identified 89% of the time (z = 39), and the diphthong [ea]
78% of the time (z = 28).

The [wa]–[oa] test, as expected, presented more difficulty. The number of correct answers
is not significant at the p = .05 level (z = 3). The sequence [wa] was correctly identified 46%
of the time (z = 4), and the diphthong [oa] 48% of the time (z = 2). The results are summarized
in table 7, where the statistically significant differences are marked with an asterisk.

The results of the perception experiment are consistent with those of the production study
in reflecting the phonological difference between [ ja] and [ea]. The glide-vowel sequence
and the diphthong are produced differently and perceived as different. The phonological
difference between [wa] and [oa], however, is not reflected in their acoustic realization, and
thus the sequence and the diphthong cannot be reliably identified.
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Table 7 Identification of glide-vowel sequences vs. diphthongs – averages.

% correct answers z-value Standard deviation
(for H0)

[ ja] 89 39Ù 19.4 (1.2%)
[ea] 78 28Ù 19.4 (1.2%)

overall [ ja]/[ea] 83 33Ù 27.5 (.9%)

[wa] 46 4 11.6 (2%)
[oa] 48 2 11.6 (2%)

overall [wa]/[oa] 47 3 16.4 (1.5%)

5 Discussion
The first piece of information revealed by the results presented above concerns the use of
prescribed pronunciation. The findings show that native speakers do not follow the prescribed
pronunciation, and the reliable evidence comes from the study of the [wa]–[oa] pair. Three
of the five 〈ua〉 words in the wordlist contain [u.a] prescribed pronunciations, and if the
pronunciation had been observed, there should have been a statistically significant difference
in all four acoustic parameters, primarily in the total duration and the transition duration. The
fact that no such difference was found confirms that all the orthographic 〈ua〉 sequences were
pronounced as monosyllables, [wa]. We know from earlier work (e.g. Liberman et al. 1956) that
manipulating the formant transition leads to changes in perception. Specifically, increases in
the transition duration while keeping the onset and offset values constant determine judgment
changes from a glide-vowel sequence to a vowel-vowel sequence. The results of the current
study do not, therefore, support the presence of [u.a] sequences in the data.

The repeated test, using a subset of the [ ja]–[ea] list, also confirmed that the prescribed
[i.a] pronunciation was not observed either. This strengthens the validity of the results for
[ ja] and [ea] and confirms that the statistically significant duration differences are not due
to prescribed pronunciation, but to structural differences between glide-vowel sequences and
diphthongs.

It is, therefore, safe to conclude that different phonological representations for [ ja] and [ea]
are supported by the results of the production-perception study. The phonological behavior of
[ ja] as a sequence of two segments and of [ea] as one segment is supported by the duration
differences. The total duration and transition duration of glide-vowel sequences is significantly
longer than that of diphthongs. The first elements of [ ja] and [ea] are not identical, but differ
in height, as shown by significant differences found in the F2 onset and in transition rate. The
sequence [ ja] has a higher F2 onset, corresponding to a high glide, and a faster transition
rate, whereas the diphthong [ea] has a lower F2 onset, corresponding to a mid glide, and a
lower transition rate. Moreover, native speakers of Romanian can reliably identify [ ja] and
[ea]. These results are also consistent with the acoustic and articulatory descriptions of [ ja]
and [ea] by Rosetti (1955, 1959) and Ulivi (1975).

The phonological difference between [wa] and [oa], however, is not directly encoded
in the phonetics. The glide-vowel sequence and the diphthong are comparable in all four
acoustic parameters measured, and native speakers could not identify them in the perception
experiment. These results go against the earlier interpretation of the acoustic data by Rosetti
and Ulivi. Does this mean that Romanian does not actually distinguish between a back glide-
vowel sequence and a back diphthong although the phonology and the orthography suggest
that they both exist?

The existence of only one phonetic realization for both [wa] and [oa] can be explained
by two factors, one language-specific and one universal. It has already been shown that in
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Romanian the sequence 〈ua〉 occurs in considerably fewer lexical items than the diphthong
〈oa〉, and primarily in loanwords. The relatively limited distribution of 〈ua〉 may be responsible
for the phonetic neutralization between the glide-vowel sequence and the diphthong. At the
same time, the acoustic difference between two back rounded glides is harder to maintain
than one between two front glides. Back vowels and glides are characterized by a low
second formant, and the effect of pronounced lip rounding characteristic of back glides
further reduces the distance between the first two formants. This means that the possibility
of maintaining a qualitative difference between back rounded glides is limited relative to a
distinction between front glides. We may conclude that the phonological analysis of [wa]
and [oa] can be maintained, but in the case of back glide-vowel sequences and diphthongs a
process of phonetic neutralization takes place, motivated by the relatively low frequency of
[wa] sequences, and by the difficulty of maintaining a contrast between two back rounded
glides [w] and [o].

6 Conclusion
The integrated production and perception study presented in this paper illustrates the
importance of considering both phonetic and phonological information in testing a proposed
phonological analysis and providing an accurate phonological description of a language. The
distinct phonological representations proposed for front glide-vowel sequences and diphthongs
in Romanian are supported by acoustic data and by the results of a perception experiment. At
the same time, the study revealed a phonetic neutralization that takes place between the back
glide-vowel sequence [wa] and the back diphthong [oa]. Acoustically there is no difference
between the sequence and the diphthong, and listeners cannot reliably identify either one.
This neutralization can be explained by a language specific difference in frequency, and
by the difficulty of maintaining a contrast between two back rounded glides. It is therefore
proposed that underlying /ua/ sequences undergoing glide formation have the same phonetic
realization as the diphthong [oa].
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on the acoustic structure of the Romanian semi-consonants [y] and [w]]. Foneticǎ şi dialectologie 9,
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