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ABSTRACT 
 
This paper examines the acoustic correlates of word 
stress in Czech and Polish, Western Slavic languages 
with fixed accent position. The objective of the study 
is to model the data using a pair of variables, 
calculated by an optimisation algorithm. These 
variables represent lateral excitation or inhibition 
influencing prominence through the word in each 
direction. 

A repository of recordings of stand-alone 
trisyllabic words in both languages is built using 
publicly-available internet resources. The duration, 
average intensity and average fundamental frequency 
for each syllable are measured. The optimisation 
algorithm is applied to the normalised measurements 
using a computational network that operates 
recursively until equilibrium and a pair of weights is 
obtained. 

The network performs well where data are not 
diffuse, e.g. fitting the intensity data with a mean 
squared error of 0.04. The trendline for this parameter 
differs minimally between the two languages due to 
peak delay in the Czech data. 
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1. INTRODUCTION 

The possibility of modelling word stress patterns 
by using dynamic computational networks was 
introduced by Larson [1]. Here, the relative 
prominence of syllables is considered to be the result 
of lateral inhibition and excitation in the neighbouring 
environment, i.e. each syllable exerts a force on the 
others, akin to edge phenomena in the visual domain. 
This approach was heralded for its power and 
descriptive adequacy since it can accurately model 
phonological structures such as syllabic sonority and 
word stress with fewer variables than the number of 
units under scrutiny. 

Larson [1] successfully uses this approach to 
model all attested general prominence patterns of 
word stress. Words with lexical/morphological stress 
or syllabic weight-to-stress are given additional 
weightings (M, H/L). The core settings are a 

weighting for initial syllable (I), optionally a 
weighting for the final syllable (F), a leftwards 
propagating ‘wave’ (!), and a rightwards propagating 
‘wave’ ("). Word-prosodic shapes are generated by 
altering the relative values of these variables within 
the equation 
 

(1)					d!"#$ = u! + α∗d!#!" + β∗d!&$"  
 

where d is the derived prominence of the syllable in 
whichever parameter we are investigating, subscript 
references its position within the word, superscript 
means time index, - indicates inherent sonority 
(weighting I above), ! is the coefficient of leftward 
inhibition, and " is the coefficient of rightward 
inhibition [1: 21]. When the network converges we 
are left with values for ! and " which characterise the 
shape of the trajectory. 

The question remains whether or not such an 
iterative network will fit attested phonetic data with 
sufficiently low error. The present study is a 
preliminary attempt to apply equation (1) to data from 
a pair of languages which are understood to have 
static stress (i.e. no M or H/L): Czech (CZ) and Polish 
(PL). Since words in these languages are relatively 
short, the goal is to model the trajectory of potentially 
salient parameters with fewer variables than the 
number of syllables: here, this will be to characterise 
the durational, intensity and fundamental frequency 
(f0) contours of trisyllabic words in CZ and PL using 
only ! and ". This is study is therefore both an 
exploration of the realisation of stress in these 
languages and a proof of concept for a modelling 
technique not commonly used for this purpose which 
may subsequently be used to model the prosody of 
longer words and more complex stress scenarios. 

Since this study begins by obtaining acoustic 
readings, no assumption is made about whether and 
how stress is manifested in the languages in question 
beyond the selection of CZ and PL as likely 
candidates for manifesting left-edge and penultimate 
weighting. Duration, intensity and f0 are considered 
to be the prime acoustic candidates to represent 
prominence but this investigation could be expanded 
to include spectral prominence and finer-grained 
distinctions such as consonant lengthening. 
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