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Abstract
We examine acoustic patterns of word stress in Polish in data
with carefully separated phrase- and word-level prominences.
We aim to verify claims in the literature regarding the phon-
etic and phonological status of lexical stress (both primary and
secondary) in Polish and to contribute to a better understanding
of prosodic prominence and boundary interactions. Our results
show significant effects of primary stress on acoustic paramet-
ers such as duration, f0 functionals and spectral emphasis expec-
ted for a stress language. We do not find clear and systematic
acoustic evidence for secondary stress.
Index Terms: lexical stress, focus, Polish

1. Introduction
Typologically, acoustic correlates of word stress are believed to
be salient in languages with unpredictable word stress (e.g. [1]
for German) and considerably weaker in languages with pre-
dictable word stress (e.g. [2] for Slovak). Following this, lan-
guages like Polish, with fixed stress on the penult, are hypo-
thesized to be marked by scarce acoustic prominence in stressed
syllables [3]. This hypothesis has received indirect support in
that there has been no consistent agreement upon the acoustic
correlates that express primary stress in Polish so far.

Phonologically, primary stress (S1) in Polish is fixed on the
penultimate syllable with few, well-defined exceptions that are
rapidly undergoing regularisation to penultimate stress. Sec-
ondary stress (S2) falls on the initial syllable in words consist-
ing of at least 3 syllables [4, 5]. Trochees are assigned from
right to left with main stress falling on the penult. Rhythmic
alternation is assigned from left to right with secondary stress
falling on the first syllable. Thus, Polish exhibits a bidirectional
stress system. Trochees are posited for quadrisyllabic words [3]
with internal lapses in odd parity words.

Perceptually, S1 is robust in Polish [6]. [7] have shown
that deviations from the canonical pattern trigger strong neuro-
physiological responses in Polish listeners, while at the same
time they tend to accept these deviations on the behavioural
level. As shown by [6], speakers of most languages with pre-
dictable word stress are stress “deaf”. Polish speakers, however,
showed weaker stress ”deafness” in [6] than for example speak-
ers of Standard French, Southeastern French, Finnish or Hun-
garian. This was explained by the existence of exceptions from
penultimate stress (0.1% of the vocabulary) and therefore more
sensitivity to stress changes.

The acoustic parameters that reflect phonological stress, fo-
cus contrasts as well as general prominence variation are fun-
damental frequency (f0), duration, intensity and spectral prop-
erties. Intensity and spectral emphasis are two operationalisa-

tions of loudness and vocal effort or voice quality. Variation
in intensity, especially overall intensity, was found to correlate
with stress [8] and accent distinctions. Spectral emphasis was
implicated in marking lexical stress [9, 10, 11] and focal ac-
cents in e.g. Swedish [12]. Duration particularly well describes
stress levels and focus in most languages [13] and contributes
to marking accentual structure.

Acoustically, lexical stress in Polish has been traditionally
defined as dynamic, i.e. louder, more effortful, based on intens-
ity variation [14]. [15] however, pointed to f0 movements as
the primary correlate, although confounds between stress and
focus in his study are possible (see below). Some effects on
duration were found: for example [15, 16, 17] found similar
stressed to unstressed ratios for differing speech material: 1.17
in controlled, 1.2 in corpus and 1.22 in data respectively. The
difference in duration between stressed and unstressed syllables
is believed to be robust if small in magnitude. Crosswhite [18]
used a measure of spectral emphasis and found weak evidence
of a stress effect in Polish in very few minimal pairs, without
differentiating focus conditions. [19] found f0, intensity and
duration differences between primarily stressed and unstressed
syllables.

[20] used perceptual annotation of three prominence levels
(weak, strong, non-prominent) in a corpus of spontaneous Pol-
ish. The results showed that syllables rated as strongly prom-
inent differed significantly from the weakly prominent ones in
the duration, f0 and intensity dimensions. No acoustic para-
meter significantly distinguished between classes rated as non-
prominent vs. weakly prominent. [20] suggested that acoustic
correlates of prominence manifest themselves as a function of
phrase accentuation; at least in a corpus analysis.

Secondary stress is a highly contentious phenomenon in
many languages from a phonetic perspective [21, 22]. Regard-
ing Polish, traditional accounts have not provided systematic
and robust evidence for S2 in the acoustic, perceptual or artic-
ulatory domain [3, 23]. [14] pointed to a lengthening of the
initial consonant as evidence for the presence of S2. Similarly,
Dogil found a switch of prominence from the penultimate to the
initial syllable when under emphasis [24]. The former observa-
tion was not replicated by [25]. Recently, [19] speculated that
S2 in Polish, phonologically located on the first syllable, might
be an artifact of pitch and intensity declination in words longer
than three syllables. S2 in Polish is also not clearly assigned in
perception [23].

Crucially, in most of the aforementioned studies on Polish
stress, the stimuli were not controlled for possible conflations
of word and sentence stress. Lexical and sentence stress co-
vary: stressed syllables align with pitch accents, differentiating
these factors is important. As pointed out by [26], gleaning
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word stress patterns from grammars and isolated word elicita-
tion has likely led to the interpretation of phrasal-accent patterns
as word-stress patterns.

[3] did the first study on Polish that used differentiated tar-
get words in utterances under no focus, broad and narrow focus.
They found no single systematic acoustic correlate of lexical
stress in Polish, independent of the intonation context. Instead,
[3] proposed that stress positions in Polish are landing-sites for
pitch accents with no acoustic manifestation of their own. The
study also found that the only systematic parameter of stress
was the relatively longer duration of syllables in S2 positions.
[25] showed that the initial syllable of narrowly focused words
tend to exhibit greater pitch and intensity than the initial syllable
of words in a non-focus condition.

2. Hypotheses
In this paper, we analyse the imprint of several prosodic struc-
tures on the known acoustic parameters of stress and focus in a
production study with 25 Polish native speakers. We examine
acoustic patterns of word stress in Polish in data with carefully
separated phrase- and word-level prosodic conditions. We hy-
pothesise that:

1) primary stress will have a robust effect on at least one
acoustic parameter both under- and in no focus conditions qual-
ifying Polish primary stress as ”true” lexical stress i.e. not
contingent on phrase accentuation. We also study the inter-
relationships between word and sentence stress, as well as
phrase boundary by studying target syllables and nuclei in dif-
ferent phrase positions.

In addition to primary stress, we investigate secondary
stress in light of contradictory evidence concerning its acous-
tic realisation [19, 27] and perceptual robustness [23]. Given
the duration effect of S2 found by [3], we hypothesise that:

2) a clear effect of S2 will be manifested in the syllable on-
set. If found, the question whether such syllable onset strength-
ening must be interpreted as word-initial strengthening [28, 29]
rather than S2-related phenomenon, will be left for future study.

3. Methods
3.1. Experimental design and procedure

We designed our stimuli with the aim to differentiate between
lexical stress and focus conditions as well as between a par-
tial set of possible phrase positions, namely: large intonational
phrase medial vs. final positions. Additionally, we control for
syllable shape and onset voicing in the choice of test words.
The test words occur in each sentence accent and phrase po-
sition condition. Table 1 presents the study design and some
stimuli examples.

We designed test words with target syllables of the shape
CV. The target syllables contain counterbalanced −/+ voice
stop onsets: /b, d, g, p, t, k/. As vowel quality co-varies with
stress and has an effect on spectral emphasis, which itself is af-
fected by stress [17, 30, 31], we study only syllables of the form
C and /a/ (dispensing with, e.g., round or palatalising vowels).

Next, we place these syllables in real Polish words (lem-
mata N=42, no compounds). We have two sets of words: four-
and five-syllables long, eliciting S2 that falls on the initial in
Polish (in words longer than three syllables). The eventual word
set had each target syllable (e.g. /pa/) occurring once in the pen-
ultimate position for primary stress, in the initial position for
secondary and in other, non-final position for unstressed. As an

example, the target syllable /pa/ was differentiated between lex-
ical stress positions in the word tuliPAny for S1, in PApierosy
for S2 and in kopaliny for an unstressed position.

To elicit focus and phrase differentiation, the words were
embedded in carrier sentences (Nsentence=2611) in a simulated
question-answer task (Discourse Completion Task). Examples
of carrier sentences are shown in Table 1. To illustrate, to elicit
the placement of focus on the word tulipany (tulips) in a phrase-
final position, the reading of the carrier sentence Kamila bought
tulips, not roses was prompted by a question: Did Kamila buy
roses? To elicit focus on the target word in a phrase-medial
position, the sentence Kamila bought tulips in the supermarket,
not roses was prompted by a question: Did Kamila buy roses in
the supermarket? and so on.

During the experiment the participants were asked to listen
to the pre-recorded context question in Polish and to read the
stimulus sentence in response as naturally as possible, as if “in
an everyday conversation with a friend”. One repetition per
factor level combination was recorded per speaker, yielding a
repeated measures design. No instructions as to speech tempo
were given. If a self-observed mispronunciation occurred, the
speaker had the choice to repeat the sentence immediately.

3.2. Speakers

Speakers of standard Polish from the city (or region) of
Wrocław (Lower Silesia) (N=7) and from the city (or region) of
Poznań (Wielkopolska) (N=18) were recorded. Speakers were
students and university clerks between 19 to 43 years old. They
had not lived abroad or outside their native region in Poland
for more than a year and were monolingual. They also had not
received or entered an intensive foreign language programme
and/or pronunciation courses at the time of the recording.

3.3. Acoustic parameter extraction

The following acoustic parameters were extracted: duration, f0,
intensity and spectral emphasis for the target segments in dif-
ferent focus, stress and boundary positions.

We measured the duration of the target syllable itself and
of its vocalic nucleus: /a/. For f0 extraction in Praat, we set the
pitch floor and ceiling using a procedure described in [32] for a
better estimation of pitch extrema. Root Mean Square intensity
was extracted with default settings. Max. dB and Hz values for
all vowels in the carrier sentence were z-score normalised by
the carrier sentence mean and standard deviation. Pitch slope
was calculated in Hz/sec over the target vowels.

Our material contains optimal target syllable forms to meas-
ure spectral emphasis: the same vowel in the nucleus, ensuring
no vowel quality confounds. A Fast Fourier Transform spec-
trum was obtained from the vocalic nuclei of the syllables in
question and split into two frequency bands [33]: B1 = 0-1kHz,
B2 = 1-4kHz. Energy sum was taken for each of the bands and
the difference between: E = B2-B1 was calculated in dB Sound
Pressure Level. Thus, the whole mid-frequency range in one
band B2 was captured. More energy in the mid/high band is
generally perceived as louder [9].

3.4. Statistical analysis

We analysed the data using linear mixed models (using the lme4
[34] and lmerTest [35] packages in R). Separate models for each
acoustic parameter as a dependent variable were formulated.
Fixed effects entered were: syllable count, word stress, fo-
cus, boundary, location (Wrocław, Poznań), gender and voicing
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Table 1: A sample of study design: lexical stress position (Stress: primary = 1, secondary = 2, unstressed = 0) is varied for target
syllables (voiceless onsets /pa/, /ta/, /ka/; voiced onsets /ba/, /da/, /ga/) in real Polish words. Focus (under focus = 1) and IPhrase
position (IP medial = 0, IP final = 1) conditions are elicited by embedding in meaningful sentences in a Discourse Completion Task
(context sentences not presented; target syllables were not boldfaced in the actual experiment).

Elicited sentence Stress Focus Int.Phrase
Kamila kupiła tulipany, a nie róże. 1 1 1
Kamila has bought tulips, not roses.
Nie, to Kamila kupiła organizator w supermarkecie, a nie Małgosia. 0 0 0
No, it was Kamila who bought a folder in the supermarket, not
Malgosia.
Kamila kupiła tapicerki w supermarkecie, a nie ogumienie. 2 1 0
Kamila has bought upholstering in the supermarket, not tyres.
Nie, to Kamila kupiła medaliki, a nie Małgosia. 0 0 1
No, it was Kamila who bought the medallions, not Malgosia.
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Figure 1: Duration means for a) the nucleus and b) the whole syllable in three lexical stress positions and two focus conditions. Solid
line: stimuli under no focus, dashed line: stimuli under focus.

status of the onset consonant. We also entered several hypo-
thetically relevant interaction terms (e.g. focus*boundary, fo-
cus*word stress, gender*focus). We used backward model se-
lection by first formulating a maximum model with interaction
terms for each prosodic fixed factor and a random structure in-
volving random slopes and intercepts for all the interactions.
There were convergence errors that led to simplifications of the
random structure: we removed higher terms yielding random
slopes for word stress, focus and boundary per speaker and
per word. We henceforth report only on statistically signific-
ant fixed effects of interest.

4. Results
We present mean duration values for the whole syllable and the
nucleus in different stress and focus positions in Figure 1.

The results of the linear mixed modeling confirm the effects
suggested in the plot: we obtain a robust main effect of S1 on
nucleus duration (b= 17.5, p<.001) with a significant positive
interaction of focus and S1 (b= 2.7, p<.05). We do not find a
statistically significant effect of S2 on the duration of the target
vowel relatively to the same vowel in an unstressed position. We
also evidence a positive final phrase position and S1 interaction
effect on vowel duration (b = 11.7, p<.001).

The entire syllable duration, on the other hand, is first of all
affected by S1: the models show a main effect with syllables
in S1 positions longer by 19 msec (p<.001) than unstressed

syllables. Again, this effect is stronger, when the primarily
stressed syllable is under focus (b = 5.2, p<.001). Importantly,
in this case, S2 also affects overall syllable duration by 11 msec
(p<.01). We also find a final boundary effect when in the primar-
ily stressed, penultimate position (b = 13.6, p<.001).

Regarding f0 and intensity parameters and spectral em-
phasis, the variation of focus, boundary and stress positions res-
ults in mean values shown in Figure 2.

Similarly to the results of the nucleus duration model, ana-
lysis shows a positive effect of S1 on vocalic spectral emphasis
(b = 1.3, p<.01). The LMM did not evidence any statistically
significant interactions or other positional effects apart from the
positive main effect of focus (b=0.8, p<.001).

The modeling shows a positive main effect of focus on pitch
peaks (b = 8.5, p<.001) and an interaction of focus and S1 (b=
5.4, p<.001) but no main effect of S1. Additionally, there is
an independent, statistically significant negative effect of S2 (b
= - 2.7, p<.0001). The presence of an IP final boundary also
depresses pitch peaks (b = - 9.3, p<.001).

Models reveal that syllables under focus have a higher in-
tensity (b=2.21, p<.001), especially when the focused syllable is
in the S1 position (b= 9.8, p<.001). In the S2 position, syllables
have a lower intensity (b=-4.63, p<.001). Overall intensity also
falls with the IP-final boundary present (b= -8.6, p<.001).

Finally, we find steeply rising pitch slopes under focus (b
= 411.9, p<.001). We also obtain a main negative effect of S1
on the pitch slope (b = -174, p = .048) that enters a significant
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Figure 2: Top left: mean vocalic intensity maxima. Bottom left: mean f0 maxima; both z-score normalised based on carrier phrase. Top
right: mean spectral emphasis for the target vowel. Bottom right: mean vocalic pitch slope. All parameters measured in three lexical
stress positions (unstressed, secondary and primary stress) and two focus conditions (solid line: no focus, dashed line: under focus).

interaction with focus (b = -144.7, p<.046).

5. Discussion
We hypothesised that primary stress will have an effect on at
least one acoustic parameter both under- and in no focus con-
ditions, qualifying Polish primary stress as ”true” lexical stress
i.e. not contingent on phrase accentuation.

Our results show that, primary stress robustly affects syl-
labic duration (+19 msec), primarily manifesting in the nucleus
(+17.5 msec). Spectral emphasis (the difference between the
energy sum in band 1-4 kHz and band 0-1kHz) in the /a/ vowel
portions of the target syllables also encodes S1 (+1.3 dB).

In terms of parameters encoding primary lexical stress, the
acoustic patterns in Polish follow those established in typical
stress-based languages: duration and spectral emphasis [9].
However, the acoustic magnitude of the prominence is not as
great as it would be in languages with movable stress.

We also find that fundamental frequency variation is a ro-
bust correlate of focus but f0 peaks do not differ across word
stress conditions in the no focus condition. That is, only if pitch
accent is present, S1 syllables significantly depart in pitch from
all others in our carefully controlled data. The findings regard-
ing pitch support the notion that f0 encodes accentual structure
in Polish with S1 syllables serving as landing sites for pitch ac-
cents, first put forward by Grzegorz Dogil and colleagues [3]
(later also [20]). Intensity peaks behave in a parallel fashion
to pitch peaks. The correlated intensity and pitch effects stem
from a well-known, physiologically conditioned co-variation
[12] and therefore do not constitute a strong independent evid-
ence for stress effects.

We also posited that the most clear effect of secondary
stress in Polish will be manifested in the syllable onset. Our
analysis shows that the secondary stress position causes syllable
onset consonant lengthening (+11 msec).

Both primary and secondary stress significantly affect over-
all syllable duration, relative to unstressed syllables. These ef-
fects are independent of the focus condition [3]. We suspect,
however, that the syllable onset lengthening found in the S2 po-
sition is due to word-initial strengthening rather than stress, as
the lengthening manifests itself mainly in the consonantal on-
set [28]. Consequently, due to the structural overlap between
head and edge effects, it is necessary to empirically differenti-
ate these positions next, in order to answer the question whether
there is acoustic evidence for secondary stress in Polish.

Assuming the above interpretation of S2 induced lengthen-
ing (cf. [19, 36]), we were not able to show systematic acous-
tic evidence for secondary stress in our study. However em-
phatic, post-lexical stress might still be evidenced in Polish:
we propose that the secondary stress position is an affordance
for acoustic prominence realised under emphasis in specific dis-
course styles such as media speech [3, 24, 22].
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