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Abstract 
Most available studies of prominence have been based on 
experimental designs in which potential correlates of stress are 
simultaneously involved in marking other aspects of linguistic 
structure. However, the confounding impact of factors such as 
segmental structure or boundary effects has been widely 
acknowledged in the phonetic literature but rarely submitted to 
rigorous scrutiny (e.g. [1], [2], [3]). The present study 
investigates acoustic correlates of lexical and rhythmic stress 
in Ukrainian in an experiment designed to control for the 
potential segmental and boundary confounds. Ukrainian has 
been reported to have both word-initial and word-final 
secondary stress ([4], [5], [6]); therefore, metrical prominence 
effects in word-initial and word-final positions coincide with 
potential boundary effects. In the present pilot study, based on 
four-syllable words collected from four Ukrainian speakers, 
we compare pairs of words having the same number of 
syllables and the same segmental structure, but differing in 
terms of the position of lexical stress and rhythmic structure. 
The results point to statistically significant differences in 
vocalic (and to some extent also consonantal) duration which 
depends on the presence versus absence of stress.  

 
Index Terms: rhythmic stress, lexical stress, word boundary 
effects, segmental effects, Ukrainian 

1.   Introduction 
Ukrainian has lexical primary stress and predictable rhythmic 
stress. Lexical stress can appear in any syllable of the word, as 
illustrated in (1). The most salient cue to primary stress is 
duration ([5], [7], [8]). 

 dо́roho ['dɔrɔɦɔ] ‘expensive’ (adv.) (1) 

dorо́ha [dɔ'rɔɦa] ‘way’ (nom. sg.) 

 dorohá [dɔrɔ'ɦa] ‘dear’ (fem. sg.)  

Traditional sources also report the presence of subsidiary 
stress ([9], [10], [11], [12]). According to [12], rhythmic 
stresses are placed at both word edges, with additional 
rhythmic beats intervening between the primary and the 
secondary stresses, e.g.  

 velosypedýst [ˌʋɛlɔˌsɨpɛˈdɨst] ‘cyclist’ (2) 

láhodytyme [ˈlaɦɔˌdɨtɨˌmɛ] ‘repair’ (3rd pers. sg.) 

 matematýčnoho [ˌmatɛmaˈtɨčnɔˌɦɔ]  

‘mathematical’ (gen. sg.)  

Recent acoustic studies ([5], [6]) have confirmed the 
existence of additional prominence, demonstrating that 
rhythmic stress, similarly to primary stress, is expressed by 
prolonged syllable duration. At the same time, F0 and 
intensity excursions are not correlated with secondary stress 
[5].  Apart from secondary prominence effects, [5] report the 
presence of pretonic lengthening, a small lengthening effect 
occurring in the syllable immediately preceding the syllable 
with lexical stress, regardless of the rhythmic structure of the 
word. 

However, metrical prominence effects, detected in word-
initial and word-final positions by [5], [6] and interpreted to 
express word-initial and word-final secondary stress in 
Ukrainian, coincide with potential boundary effects. It is a 
well-established fact that segments and syllables with identical 
distinctive feature specifications in the lexicon can be 
produced with different durations, fundamental frequency or 
amplitude in different contexts, depending e.g. on the location 
of a lexical word boundary or phrase boundary ([13], [14], 
[15]). Thus, the detection of increased duration at word edges 
in Ukrainian does not constitute a conclusive evidence for the 
existence of secondary prominence as it can reflect word-
initial strengthening and word-final lengthening. Also, the 
presence of word-initial secondary stress reported in [5] was 
determined on the basis of different syllables, so the analysis 
involved a potential segmental confound. The same problem 
arose in determining the acoustic correlates of lexical stress.  

The present study aims to resolve the problem of potential 
confounding factors by focusing on minimal pairs, such as 
popádaty [pɔˈpadaˌtɨ] ‘fall’ (perf.) – popadáty [ˌpɔpaˈdatɨ] 
‘get’ (imperf.), dobíhaty [dɔˈbjiɦaˌtɨ] ‘run’ (perf.) – dobiháty 
[ˌdɔbjiˈɦatɨ] ‘run’ (imperf.). The words in a pair have the same 
number of syllables and the same segmental structure but 
differ in terms of the position of lexical stress and rhythmic 
structure. One member of each pair had the prosodic structure 
given in (3), and the other had the structure in (4). 

  σˈσσˌσ (3) 

 ˌσσˈσσ (4) 

As can be seen, each of the four syllables in the 
corresponding words has a different prosodic status, which 
makes the following comparisons possible: 

    
•   pretonic – secondary (initial syllable) 
•   tonic – pretonic (second syllable) 
•   unstressed – tonic (third syllable) 
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•   secondary – unstressed (fourth syllable) 
 

If the initial (or final) metrical prominence reported in 
previous studies is merely a boundary effect, we expect 
identical temporal adjustments in the initial syllables (or final 
syllables) in [σˈσσˌσ] – [ˌσσˈσσ]. If word-initial and word-
final secondary stress exists in Ukrainian, we expect duration 
of the initial syllable to be bigger in [ˌσσˈσσ] than in [σˈσσˌσ] 
(with a caveat that secondary stress may be obscured here by 
pretonic lengthening), and the duration of the final syllable to 
be bigger in the latter than in the former.  
 

2.   Method 
Four native speakers of Ukrainian (2F, 2M) participated in the 
experiment. All of them were life-long residents of the 
Drohobyč area (Western Ukraine), which ensures dialect 
uniformity. The participants’ task was to read target words 
embedded in a frame (Skažy … druhyj raz ‘Say … for the 
second time’). The target stimuli were seven minimal pairs of 
four-syllable words. Lexical stress was marked 
orthographically to make the identification of words possible; 
let us note here that it is customary to mark lexical stress in 
dictionary entries in Ukrainian. All words contained only CV 
syllables. Sentences containing the words analysed in the 
present study were separated by sentences with filler words. 
The list of words was randomised to avoid order effects. The 
recordings were done using an H4 Zoom portable recorder set 
at a sampling rate of 44.1 kHz and an AT897 microphone. In 
sum, 168 word tokens were recorded (4 speakers × 14 words × 
3 repetitions). 

Boundaries were marked for the consonants and vowels in 
all four syllables of each word token. The segmentation was 
done on the basis of expanded waveforms, using a high-
resolution waveform editor (the Sound Forge software). It was 
based on three criteria: (i) visual examination of the 
waveform, i.e. detection of abrupt changes in the amplitude 
and shape of successive glottal pulses, (ii) visual inspection of 
the spectrogram in Praat (version 6.0.21 ([16]), and (iii) 
auditory perception. The boundaries of vowel segments were 
aligned with glottal periods, i.e. they were marked at zero 
crossings so that each excised segment contained a complete 
number of cycles. 

Out of 168 word tokens, 29 tokens (17% of the data) had 
to be rejected because the target words were not incorporated 
smoothly into the frame (they were preceded or followed by 
pauses). Further, the resulting unpaired tokens were discarded. 
In total, the analysis was carried out on the basis of 912 
segments (456 consonants and 456 vowels). 

In each token, eight duration measurements were taken. 
(The measurements were automated in terms of a Praat 
script.) Extrinsic comparisons ([17], [18]) of the duration of 
the corresponding segments within each minimal pair were 
carried out. To this end, eight paired-sample t-tests were 
performed. The significance level with Bonferroni correction 
for eight comparisons was assumed at α = .00625. All the 
reported p values have been adjusted accordingly. 

Previous research has suggested that both consonants and 
vowels can contribute to the acoustic expression of stress ([5], 
[6], [18]). Therefore, both vocalic and consonantal duration 
were analysed in the present study. 

3.   Results 

3.1.   The initial syllable 

A paired t-test for the first syllable of [σˈσσˌσ] vs. [ˌσσˈσσ] 
words indicated no significant difference in duration between 
consonants in the onset of the pretonic syllable and the 
syllable carrying secondary stress; t(56) = 0.562, p = .58.  

However, there was a statistically significant difference in 
vowel duration between pretonic and secondary conditions 
(t(56) = 3.006, p < .05). The difference was small: it amounted 
to 7.5 ms; see Fig. 1.  

 

 

Figure 1: Mean vowel duration in pretonic versus 
secondary positions (the initial syllable). Error bars 

reflect 95% confidence intervals for the mean. 

3.2.   The second syllable 

Both consonant duration and vowel duration turned out 
significantly different in paired comparisons of tonic and 
pretonic conditions, i.e. the second syllable of [σˈσσˌσ] vs. 
[ˌσσˈσσ] words (consonants: t(56) = 9.017, p < .0001; vowels: 
t(56) = 18.225, p < .0001). The consonant and the vowel in the 
tonic position were respectively 21 ms and 72 ms longer than 
the corresponding segments in the pretonic position, as shown 
in Fig. 2 and Fig. 3 below. As expected, vowel length was the 
major factor contributing to the prominence effect: the vowel 
in the tonic position (M = 145 ms) was about twice as long as 
the corresponding vowel in the pretonic position (M = 73 ms). 

 

 

Figure 2: Mean consonant duration in tonic versus 
pretonic positions (the second syllable). Error bars 

reflect 95% confidence intervals for the mean. 
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Figure 3: Mean vowel duration in tonic versus 
pretonic positions (the second syllable). Error bars 

reflect 95% confidence intervals for the mean. 

3.3.   The third syllable 

Consonant duration and vowel duration were significantly 
different also for unstressed and tonic conditions (i.e. the third 
syllable); consonants: t(56) = -11.437, p < .0001; vowels: t(56) 
= -23.144, p < .0001. The differences between the two 
conditions were slightly bigger than those between the tonic 
and pretonic conditions in §3.2. The consonant and the vowel 
in the tonic position were respectively 27 ms and 93 ms longer 
that the corresponding segments in the unstressed position. 
The vowel in the tonic position (M = 155 ms) was 2.5 times 
longer than the corresponding vowel in the unstressed position 
(M = 62 ms). The mean duration scores for consonants and 
vowels in the unstressed versus tonic conditions are depicted 
in Fig. 4 and Fig. 5 below. 

 

 
Figure 4: Mean consonant duration in unstressed 

versus tonic positions (the third syllable). Error bars 
reflect 95% confidence intervals for the mean. 

 

Figure 5: Mean vowel duration in unstressed versus 
tonic positions (the third syllable). Error bars reflect 

95% confidence intervals for the mean. 

3.4.   The final syllable 

Only vowel duration, but not consonant duration, was a 
significant factor in the analysis of the fourth syllable. A 
paired t-test revealed that the vowel in the secondary stress 
condition was on average 9 ms longer than the corresponding 
vowel in the unstressed position (t(56) = 3.3, p < .05); see Fig. 
6.  
 

 

Figure 6: Mean vowel duration in secondary versus 
unstressed positions (the fourth syllable). Error bars 

reflect 95% confidence intervals for the mean. 

4.   Discussion 
In general, the results obtained in this study are in line with the 
experimental results previously reported in [5] and [6]. Unlike 
in the previous studies, however, the current study used the 
method of extrinsic comparison of minimal pairs, which 
allows to control for the potential segmental confound. 
Another important difference is that separate analyses were 
conducted for consonantal and vocalic parameters, which 
allowed to assess the contribution of these parameters to the 
overall syllable lengthening reported in previous research. 
Also, the study tested for the potentially confounding 
boundary effects, i.e. lengthening at the word edges (e.g. [2]). 

The syllable carrying lexical stress is considerably longer 
than other syllables in the word. Both the vowel and the 
consonant in the tonic syllable lengthen, though to a different 
degree. The major parameter responsible for expressing 
lexical stress is vowel duration. The vowel in the tonic syllable 
is approximately 2 times longer than the immediately 
preceding vowel, and 2.5 times longer than the one in the 
following unstressed syllable. The consonant in the onset 
position also shows some stress-related elasticity. The 
consonant in the onset of the tonic syllable is 1.2 times longer 
than the corresponding consonant in the pretonic position, and 
1.3 times longer than its unstressed counterpart in the 
posttonic position.  

The comparisons of syllables at word edges point to 
statistically significant differences in vowel length depending 
on the distance from the syllable carrying lexical stress. The 
analysis of the initial syllable points to the presence of 
pretonic lengthening, reported recently in [5]. This is an 
important result for two reasons. First, the presence of pretonic 
lengthening was not mentioned in earlier studies ([4], [8], 
[11]). Second, by comparing segmentally identical syllables in 
word-initial position, the present study controls for potential 
segmental effects and boundary effects, which allows for a 
more accurate assessment of the difference between the 
pretonic syllable and the syllable carrying secondary stress. 
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Contrary to what has been tentatively suggested in [5], the 
present results indicate that the effect of pretonic lengthening 
is stronger than the effect of secondary stress. The analysis of 
the final syllable points to significant differences in vowel 
duration depending on the presence versus absence of 
secondary prominence. Thus, it confirms the earlier assertion 
of [4] that Ukrainian has secondary stress on the final syllable, 
and not on the penult as suggested by some earlier studies (e.g. 
[10], [11]). More importantly, the presence of vowel 
lengthening in [σˈσσˌσ] but not in [ˌσσˈσσ] demonstrates that 
the increased duration of the word-final syllable reported in 
earlier studies ([5], [6]) does not constitute a boundary effect 
but serves to express secondary stress.  

Unlike lexical stress which manifests itself both in terms 
of vowel and consonant duration, secondary stress is 
expressed solely in terms of vowel duration. No significant 
differences in consonant duration were observed. However, it 
is important to point out that the final syllable in all examples 
analysed in this study consisted of the consonant t followed by 
the vowel y. Future research will need to establish whether 
other types of consonants also show lack of elasticity in the 
positions of secondary prominence. 

The prosodic characteristics evidenced in [5], [6] and in 
the present study make Ukrainian a hybrid system. On the one 
hand, it is similar to Russian in having unpredictable lexical 
primary stress. On the other hand, it is similar to Polish in that 
predictable secondary stresses apply at the edges towards the 
syllable carrying primary stress, and not in the opposite 
direction. On the theoretical side, this shows that the 
mechanisms of ‘repelling’ secondary stresses from the syllable 
having primary stress are correct and that metrical theories 
equipped with such mechanisms are empirically adequate (see 
[19] for further discussion).  

The interaction between lexical stress in Ukrainian, 
extending its influence to the pretonic syllable, and secondary 
stress iterating from word edges is more complex than the one 
assumed for Polish. There is no leftward iteration of secondary 
stress from the right edge of the word towards primary stress 
in Polish. Moreover, in Ukrainian, because of pretonic 
lengthening, a strong-weak alternation produced by rhythmic 
stress is neutralised in words with the structure [ˌσσˈσσ]. As 
pointed out in [5], pretonic lengthening constitutes an 
extension of the domain of lexical stress and the interaction 
between pretonic lengthening and rhythmic stress suggests 
that the latter is subordinate to lexical stress. In effect, the 
presence of rhythmic prominence can only be detected 
through extrinsic comparison with segmentally identical 
syllables occurring in unstressed positions other than the 
pretonic one.  

5.   Conclusions 
The present study has investigated segmental duration as a 

cue to lexical and rhythmic stress in Ukrainian in an 
experiment designed to avoid the potential confounding 
factors such as intrinsic segmental duration, word length effect 
and boundary effects, i.e. adjustment mechanisms taking place 
at the edge of prosodic constituents. Extrinsic comparisons of 
vowels and consonants were performed based on segmentally 
identical but prosodically different pairs of words. The results 
indicate that both consonants and vowels lengthen in syllables 
carrying primary stress, while only vowels are subject to 
lengthening in positions of secondary stress. The comparison 

of the word-initial and word-final syllables in rhythmically 
stressed and unstressed positions revealed statistically 
significant differences in vowel duration, thus demonstrating 
that increased duration at word edges serves to express 
rhythmic prominence or pretonic lengthening and does not 
constitute merely a boundary effect. Needless to say, this does 
not preclude the existence of a cumulative effect of boundary-
induced and secondary stress-induced lengthening. Still, 
significant differences in duration depending on how the 
position is defined prosodically indicate that secondary stress 
and pretonic lengthening exist independently of boundary 
effects. 

The current findings are based on the analyses of pilot data 
collected from four speakers. To confirm these results, a 
broader study is needed which will analyse data from a larger 
number of participants, and will include lexical items of a 
more varied segmental structure. Future studies will also need 
to address the role of other parameters (F0, intensity) in 
marking boundaries in Ukrainian. 
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