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Background. Stress in Portuguese obeys a trisyllabic window at the right edge of
the word, and is sensitive to syllable weight (e.g., Wetzels 2007). As a result, a heavy
syllable is more likely to attract stress. The typical generalization of regular stress in
Portuguese is as follows: stress is final (u) if the final syllable is heavy (h), and
penultimate (pu) otherwise. For example, recitál ‘recital’ and violão ‘guitar’ (U), but
tocáta ‘toccata’ and fláuta ‘flute’ (PU). Words that deviate from this generalization are
traditionally assumed to have unpredictable stress (e.g., Bisol 2013), which includes all
words with antepenultimate (APU) stress, such as música ‘music’ and âmbito ‘ambitus’.

The lexicon. The traditional generalization described above is categorical: a syl-
lable is either heavy (H) or light (L)—the former being defined as having two moræ
(Hyman 1985). Such an approach can account for most stress patterns found in the lex-
icon, but it also fails to account for important subpatterns that emerge once we examine
a large enough lexicon. A probabilistic approach, on the other hand, is by definition
non-categorical. Thus, given a weight profile, stress is defined probabilistically. A new
LLL word, for example, will never have APU stress based on traditional approaches. In
contrast, the probabilistic analysis presented here predicts a non-zero probability that
such a word will have APU stress. This prediction is based on statistical models run on
the entire lexicon of Portuguese (n = 154,610).

Two logistic models were used: Model A predicted PU vs. U stress (so-called reg-
ular patterns), and Model B predicted APU vs. PU/U stress—Model B has a more
challenging task, since it deals with a pattern that is considered unpredictable. The es-
timates of these models can be thought of as weights in a probabilistic grammar (e.g.,
Hayes and Wilson 2008). How does the probabilistic approach compare with a tradi-
tional categorical analysis? Fig. 1 shows the results for Model B.

Figure 1: Model B accuracy. y-axis provides the % of APU (vs. PU/U) stress. The
dotted line represents predicted % from traditional approaches. Violet circles represent
patterns in the lexicon. Transparent circles represent predictions from Model B.
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Being categorical, traditional approaches will never assign APU stress to HLL and
LLL words (dotted line in the figure)—a common assumption is that such words have
unpredictable stress. This deviates from the empirical patterns found in the lexicon



(violet circles), which are partly predictable. As the figure shows, Model B is remark-
ably accurate. Model B deviates only 4.2% from the empirical patterns in the lexicon.
In contrast, a traditional approach deviates 14%.

Notice that in Fig. 1 ĹLL words are more frequent than H́LL words in the lexicon.
This seemingly unnatural prosodic pattern is statistically robust: in the lexicon, heavy
APU syllables seem to repel stress. We can detect such an effect not only in the entire
lexicon, but also if we simulate thousands of smaller (n = 10,000) sublexica, which
are more realistic representations of speakers’ lexica. In summary: a probabilistic ap-
proach is more empirically-driven, more accurate, and shows that (i) weight effects are
not gradient, that (ii) so-called unpredictable stress patterns are not completely unpre-
dictable, and that (iii) some effects are prosodically unnatural (APU weight effects).

The grammar. Can a probabilistic approach capture empirical patterns in Por-
tuguese speakers’ as well? The answer is yes. Much like in the lexicon, weight effects
are also gradient in the grammar, as demonstrated by two auditory forced-choice ex-
periments. Native speakers of Brazilian Portuguese (n = 27 and n = 32) were presented
with LLL, HLL, LHL and LLH nonce words (n = 240). Stimuli consisted of minimal
pairs that differed only in stress location. For example, bálafo ∼ baláfo (LLL). Speakers
were asked to choose the version of each each pair that sounded more natural to them.
The data were analyzed using hierarhical Bayesian logistic regressions, which assessed
not only the role of syllable weight, but also by-speaker and by-word variation in the
experimental data. Results are shown in Fig. 2, where posterior distributions must
be interpreted relative to LLL*. On the one hand, speakers mirror the gradient weight-
effects in the lexicon, as can be seen by different distances between 0.0 and HLL vs. LHL
in Fig. 2. On the other hand, they do not learn the negative weight effect in APU sylla-
bles. Instead, they generalize a statistically credible positive effect in such syllables, as
can be seen by the positive posterior distributions of HLL in Fig. 2 (both experiments).

Figure 2: Statistical results from two versions of an auditory experiment. Gradience
and APU weight effects in speakers’ preferences. Posterior distributions of model esti-
mates (given in log-odds). LHL and HLL distributions are interpreted relative to LLL*
(intercept). Gray circles represent by-speaker random effects.
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The probabilistic approach presented here is not inconsistent with formal represen-
tational assumptions regarding weight, as long as weight can be seen as gradient, not
categorical, as in Maximum Entropy Grammars (à la Hayes and Wilson 2008)—a view
which is widely accepted across languages (e.g., Ryan 2016). Rather, it demonstrates
that theoretical and representational assumptions can only benefit from accommodat-
ing the empirical patterns observed in the lexicon as well as in the grammar.
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