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Abstract 
The present study aims to add to the growing body of recent 
work addressing the acoustic correlates of secondary stress. 
Here the focus is on Estonian, a quantity language where the 
primary stress is fixed on the first syllable of the word and the 
placement of secondary stresses is determined by 
morphological constraints but typically coincides with odd-
numbered syllables. 

Words consisting of five and six CV syllables were 
analysed with respect to various acoustic measures relating to 
duration, pitch, and spectral characteristics. The results show 
that in Estonian secondary stress does not acoustically differ 
from unstress, calling into question the usefulness of the 
concept. This finding supports earlier results for several other 
languages (e.g. Hungarian, Brazilian Portuguese) where 
phonological secondary stress has been postulated but is not 
realised phonetically. It also underlines the crucial role of the 
primary stressed foot in the prosodic system of Estonian. 
Index Terms: word stress, secondary stress, acoustic 
measures of stress, Estonian 

1. Introduction 
Traditionally, a phonological distinction is made between 
three levels of lexical stress: primary, secondary, and unstress 
(e.g. [1]). A vast majority of phonetic research on word stress 
has, however, focussed on the comparison of only two levels: 
stressed and unstressed. Acoustic analyses of stress in many 
languages show that the main correlates of primary stress are 
duration, pitch, intensity, vowel quality, and spectral 
characteristics (e.g. [2]). Considerably fewer studies have 
investigated the correlates of secondary stress or the acoustic 
distinction between primary and secondary stress, see [3], [4]. 

The present paper aims to address the issue of stress by 
focussing on the acoustic characteristics of secondary stress in 
Estonian, a quantity language where primary stress in most 
native words is fixed on the first syllable. The primary stressed 
syllable and the following unstressed syllable form a trochaic 
foot, which constitutes the core of the Estonian prosodic 
system, being also the domain of the three-way quantity 
distinction [5]–[8]. A foot in Estonian may be maximally 
trisyllabic. Disyllabic or trisyllabic words, thus, typically 
consist of one foot, whereas a tetrasyllabic word is normally 
made up of two disyllabic feet; words with five syllables are 
divided into a tetrasyllabic and a disyllabic foot, and words 
with six syllables contain either two trisyllabic or three 
disyllabic feet. Secondary stresses in Estonian fall on odd-
numbered syllables (e.g. [9]). In longer words, the placement 
of secondary stresses is determined by the syllable structure 
and derivational structure of the word, e.g. certain suffixes 
such as, for instance, -ik or -nna always attract secondary 
stress. To a certain extent, the position of secondary stress is 

variable in Estonian. As to durational properties secondary 
stressed feet are supposed to behave like primary stressed feet 
[6]. 

Phonologically, secondary stress can be defined as a type 
of stress that is weaker than primary stress but stronger than 
unstress [10, p. 96], but phonetically secondary stress has 
proven to be rather elusive in many languages where it has 
been postulated, e.g. Brazilian Portuguese [11] and Hungarian 
[12], see [4] for an overview. A study on the lexical stress in 
Pitjantjatjara, a dialect of the Western Desert language of 
Australia, [13] found no acoustic evidence for secondary stress 
contrary to earlier phonological descriptions. Likewise, the 
lack of robust acoustic correlates for lower levels of stress has 
been observed in Polish pointing to the existence of only one 
stress per word [4]. A comparison of the cues of primary and 
secondary stress in accented and unaccented complex words in 
English [3] concludes that there is not much evidence for 
assuming a phonetic distinction between primary and 
secondary stress; primary and secondary stressed syllables 
differ only when the word is accented, suggesting that stress 
distinction in English should take into account accent-
conditions.  

An acoustic study on Estonian word stress [14] compared 
three levels of stress in different speaking styles considering 
four acoustic measures: duration, F0 mean, F0 standard 
deviation, and spectral emphasis. It was shown that the 
strongest correlate of stress was vowel duration, and that the 
secondary stressed vowels were always shorter than the 
primary stressed ones. The study did not, however, take into 
account the length of the stressed vowel or the structure of the 
stressed syllable, and therefore may not tell the whole story. In 
the same study, no difference was found between the F0 mean 
of secondary and unstressed vowels, while the results about 
the standard deviation of F0 were inconclusive. Spectral 
emphasis was shown to be the weakest measure of the four.  

Durations of the secondary stressed feet were shown to be 
shorter in [15] whereas the duration ratios within the 
secondary stressed feet remained the same as in the primary 
stressed feet. In perception, it has been shown, though, that the 
Estonian listeners prefer F0 as a cue for stress, as opposed to 
Russian listeners who rely on duration [16]. Intensity has been 
shown not be a correlate of stress in Estonian [7], [17]. 

As our knowledge of the correlates of secondary stress in 
Estonian is somewhat patchy, this study aims to clarify it by 
testing the relevance of several acoustic measures normally 
used for stress. Based on previous work we can hypothesise 
that secondary stress behaves in durational terms like primary 
stress [6], i.e. the distinction between stressed and unstressed 
syllables is similar, but stronger in primary and weaker in 
secondary stressed feet [15]. Acoustically, we would expect 
secondary stressed syllables to have a shorter duration and a 
lower F0 than the primary stressed ones, and show no 
difference in spectral emphasis or intensity [14], [17]. 
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2. Materials and methods 
The materials, used previously in [15], consisted of 40 test 
words: 20 five-syllable words and 20 six-syllable words. All 
test words were made up of CV syllables where the vowel was 
always short (in Quantity 1), thus eliminating the factor of the 
three quantity degrees from the analysis. The segmental make-
up of the words was not controlled for. All test words were 
placed in an accented position utterance-medially in different 
meaningful carrier sentences: e.g. Külastas sagedamini sõpra 
‘(S/he) visited more frequently a friend’. Lootis tavalisemale 
teole ‘(S/he) was hoping for a more ordinary deed’. 

The lists, where each test word occurred just once, were 
read by six informants (3 male and 3 female, 20-24 years old) 
who were all university students at the time of the recording, 
and spoke Standard Estonian. The recordings were conducted 
in a quiet setting using a Sony TCD-D 100 DAT recorder and 
an AKG D40S microphone.  

Segmental boundaries of all target words were annotated 
with PRAAT [18]. As an initial step in the analysis, two 
experienced phoneticians independently marked the location 
of all primary and secondary stressed syllables on a separate 
tier based on their native-speaker auditory impression. 
Subsequently, all cases of divergence were re-examined and a 
consensus was reached. Two test words that were pronounced 
regularly as compounds with two primary stresses by all the 
speakers were excluded from the analysis as well as all 
instances of disfluencies. The final dataset comprised 216 test 
words of which 107 consisted of five syllables and 109 of six 
syllables. All five-syllable words contained two metrical feet: 
a disyllabic foot followed by a trisyllabic foot (83 words) or a 
trisyllabic foot followed by a disyllabic foot (24 words). Six-
syllable words contained either three disyllabic (87 words) or 
two trisyllabic feet (22 words). In total 1189 CV syllables 
were analysed. 

The analysis used various acoustic parameters that were 
measured in the vowel of each syllable: durational correlates 
(duration of the syllable onset consonant and duration of the 
vowel), pitch (average F0, standard deviation of F0, and F0 
slope in the vowel calculated as (F0max-F0min)/(tmax-tmin)), 
mean intensity, spectral balance and spectral emphasis (as 
described in [19]). 

As in Estonian disyllabic Quantity 1 feet the unstressed 
syllable is longer than the primary stressed one (c.f. [5], [7], 
[8]), all unstressed syllables in the data were divided into three 
different categories. Thus, for the purposes of the analysis the 
syllables were classified as follows: primary stressed (Pri), 
secondary stressed (Sec), unstressed syllable following 
primary stressed syllable (Upri), unstressed syllable following 
secondary stressed syllable (Usec), and unstressed syllables 
following another unstressed syllable (Uuns). 

Statistical analysis was carried out in R [20] with the 
packages lme4 [21] and multcomp [22]. Each acoustic 
measure was tested with a linear mixed effect model for the 
effect of stress (5 levels described above), including random 
intercepts for the speaker and the test word. For post-hoc 
testing Tukey HSD was used. 

3. Results 

3.1. Durational properties  

As seen in Figure 1, there was a significant effect of stress on 
the duration of syllable onset consonant (F(4, 1153.3)=37.3, 
p<0.001). Post-hoc testing showed that the duration of C in 
Pri (75 ms) is significantly longer than in all other syllable 
types (p<0.001), where it ranges between 55 and 59 ms. There 
was a significant difference between Upri vs. Sec and Usec 
(p>0.01) while the difference between Sec, Usec and Uuns is 
not significant. 

 
Figure 1: Duration of the syllable onset consonant. 

 

Figure 2: Duration of the vowel. 

There was a significant effect of stress on vowel duration 
(F(4, 1149.6)=75.2, p<0.001). Post-hoc testing showed that 
the vowel duration in Pri (73 ms) is significantly shorter 
(p<0.001) than in the following unstressed syllable (85 ms), 
and significantly longer (p>0.001) than in all other syllables. 
The mean duration of Sec, Usec and Uuns ranges from 63 to 
66 ms and the differences are not significant (see Figure 2). 
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Figure 3: Average F0 in the vowel. 

 

Figure 4: Standard deviation of F0 in the vowel. 

 

Figure 5: F0 slope in the vowel. 

3.2. Pitch properties  

There was a significant effect of stress on the average F0 in 
the vowel (F(4, 1145.7)=58.05, p<0.001). As seen in Figure 3 
the mean F0 was normalised to the semitone scale with 
reference to the speaker’s overall mean F0 (introducing 
negative values for syllables below the speaker’s average 
pitch). Post-hoc testing showed that the mean F0 in Pri (1.2 
st), and Upri (0.5 st) were significantly different from each 
other and that of the other syllables (-0.7 st; p<0.001). There 
were no significant differences between Sec, Usec and Uuns.  

 

Figure 6: Mean intensity of the vowel. 

 

Figure 7: Spectral balance in the vowel. 

 

Figure 8: Spectral emphasis in the vowel. 

There was a significant effect of stress on the standard 
deviation of F0 in the vowel (F(4, 1147.4)=16.2, p<0.001), 
which is the highest (0.8 st) in Upri (p<0.001). In all other 
syllables the standard deviation of F0 is 0.5 st and there are no 
significant differences (see Figure 4). 

As seen in Figure 5, there was a significant effect of stress 
on F0 slope (F(4, 1129.1)=5.6, p<0.001). There is 
considerable variability in the values of pitch slope (in 
particular in Pri): on average it is -16 st/s in Pri, -37 st/s in 
Upri, -26 st/s in Sec, -28 st/s in Usec and -30 st/s in Uuns. 
Post-hoc testing showed that the difference is only significant 
between Pri and Upri (p<0.001), but not significant between 
all other combinations.  
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3.3. Intensity 

As seen in Figure 6, there was a significant effect of stress on 
the mean intensity of the vowel (F(4, 1136.8)=115.6, 
p<0.001). The mean intensity in Pri and Upri (73 dB) is 
significantly higher (p<0.001) than in Sec, Usec and Uuns (71 
dB). Post-hoc testing also showed a minute (0.5 dB) yet 
significant (p<0.01) difference between Sec and Usec. 

3.4. Spectral properties 

There was a significant effect of stress on spectral balance 
(F(4, 1140)=39.4, p<0.001). It can be seen in Figure 7 that the 
average spectral balance is significantly smaller in Pri (-20) 
compared to all other syllables (p<0.001). In Upri it was -18, 
which is significantly smaller (p<0.01) than in Sec and Usec (-
16), but not significantly different from Uuns (-17). There are 
no significant differences between Sec, Usec and Uuns. 

There was also a significant effect of stress on spectral 
emphasis (F(4, 1146.3)=20.9, p<0.001) as presented in Figure 
8. Post-hoc testing showed that the difference between Pri (3.9 
dB) and Upri (3.5 dB) is not significant, but there is a 
significant difference between Pri and the remaining syllables 
(p<0.001). Upri has a significantly higher spectral emphasis 
than that of Sec (3.3 dB) and Usec (2.9 dB) (p<0.05), but not 
significantly different from Uuns (3.2 dB). Finally, the 
spectral emphasis in Usec is significantly lower than in Sec 
and Uuns (p<0.05), but there is no difference between Sec and 
Uuns. 

4. Discussion 
The aim of the present study was to investigate the acoustic 
correlates of secondary stress in Estonian using five-syllable 
and six-syllable words. Based on earlier findings, we expected 
the secondary stressed syllables to be shorter and have a lower 
F0 than the primary stressed ones, but display no difference in 
intensity or spectral emphasis. 

The results showed that the secondary stressed syllables 
were indeed significantly different from the primary stressed 
syllables with respect to all the studied acoustic measures, 
including also intensity and spectral properties, but did not at 
the same time differ significantly from the unstressed 
syllables, except the unstressed syllable following the primary 
stressed syllable (Upri) that has been shown to behave 
differently [5], [8]. 

Earlier results [7], [17] have showed that intensity is not a 
reliable correlate of stress in Estonian, but these studies have 
focussed on disyllabic feet. In this respect, the findings of the 
present study support the earlier work, as there was no 
significant difference in the intensity in the primary stressed 
(Pri) and the following unstressed syllable (Upri) in the 
present material either. However, as this study analysed longer 
words, it emerges that the intensity in the primary stressed foot 
is significantly higher than in all the other syllables. There 
being a significant difference in the intensities of the 
secondary stressed syllable (Sec) and the following unstressed 
syllable (Usec) implies that the secondary stressed foot is 
different from the primary stressed foot.  

The results for the F0 reflect the accentuation pattern of 
the test words which all appeared in the accented position. 
Most prominent were the primary stressed syllables that had 
the highest average F0 (as well as F0 slope) while the 
following unstressed syllables were lower followed by all the 
other syllables that showed no significant difference. The 

standard deviation of F0 was the largest in the unstressed 
syllable following the primary stressed syllable which implies 
that the main F0 fall coincides with the second syllable of the 
word and that the F0 is most variable within this syllable. 

Contrary to what was hypothesised, the present findings 
imply that the secondary stressed feet do not behave like the 
primary stressed feet. Importantly, the findings underline the 
crucial role of the primary stressed foot in the prosodic system 
of Estonian, where a disproportionally large number of options 
of the phonological system has been granted to the primary 
stressed syllable, and consequently, all other syllables are 
much poorer [23, p. 149]. For instance, of the nine vowels of 
the primary stressed syllable only five can occur in the non-
primary syllables, or of the 36 diphthongs just three occur in 
the non-primary syllables (only starting from the third 
syllable). 

The fact that the secondary stressed syllables did not differ 
from the unstressed syllables leads us to ask whether it is 
useful to distinguish secondary stress at all, at least in phonetic 
terms. This is in line with recent work on several other 
languages [3], [4], [13] that seems to suggest that there is no 
phonetic evidence for the previously postulated phonological 
secondary stress. Why do we perceive it then? Tabain et al. 
[13] claim that  a native speaker’s stress perception is guided 
by a higher level grammatical knowledge. Likewise Chomsky 
and Halle [2, pp. 149–150] argue that if one is familiar with 
the language system one is able to hear the predicted phonetic 
patterns although there is no acoustic or physical reality that 
would support this. It might be possible to clarify this issue 
with further work on the perception of secondary stress. 

Finally, a note should be made about creaky voice as a 
stress correlate. Interestingly it was found in [24] that it was 
the secondary stressed syllables (not unstressed) that were 
most likely to be creaky, although both unstressed and 
secondary stressed syllables were significantly more creaky 
than the primary stressed syllables. An abundance of creaky 
voice in non-initial syllables was also noticed in the data of the 
word stress study [14] which prompted the suggestion that 
creaky voice should be included as a measure in the stress 
model. The present data contained only five syllables labelled 
as creaky, one of them being a primary stressed and four 
word-final syllables. 

5. Conclusions 
The results of the present study show that the secondary 
stressed syllables in Estonian are not acoustically different 
from the unstressed syllables with respect to various 
durational, pitch-related and spectral measures normally used 
to investigate correlates of stress. The only exception is the 
unstressed syllable following the primary stressed syllable that 
behaves differently from other unstressed syllables. This 
finding also underlines the important role of the primary 
stressed foot in the prosodic system of the Estonian language, 
as the primary stressed foot seems to be the domain for 
durational as well as intensity differences, among others. 
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