Comparing k-means and OPTICS clustering algorithms for identifying vowel categories
Background: In descriptive phonetics, clustering algorithms are often used to evaluate the dispersion of
vowel categories (e.g. De Boer & Kuhl 2003; Czoska et al 2015; Shi et al 2019). The k-means algorithm
(Forgy 1965) is most commonly used for this purpose but has major limitations: i) it requires a specified
number of clusters, ii) it assumes that clusters are spheres of similar size (Han et al. 2011), and iii) can be
skewed by outliers. OPTICS is an algorithm that uses areas of high density in the data to identify clusters
in contrast to k-means, which partitions all points in the data into k clusters (Ankerst et al 1999). As a
result, OPTICS avoids many of the pitfalls of k-means: it organically assigns the number of clusters, can
learn clusters of varying shape and density, and separates prototypical members of a cluster from outliers.
The aim of this study is to explore whether OPTICS is a viable alternative to k-means as a
clustering algorithm for learning patterns in vowel data. We compare the performance of OPTICS and
k-means on two English datasets and find that when given noisier data, OPTICS has several advantages
over k-means for characterizing vowel spaces.
Methodology: In this study, we selected two datasets of English monophthongs to represent
highly-controlled ‘lab’ speech (Hillenbrand et al.1995) and less-controlled ‘corpus’ speech (Buckeye
Corpus: Pitt et al. 2005). We tested k-means and OPTICS clustering with each dataset, using
speaker-normalized midpoint formant measures as the parameters.
Results: In lab speech, both k-means and OPTICS clustering successfully identified clusters
corresponding to labeled vowel categories. In the corpus dataset (Fig. 1 on the following page), the
identified clusters roughly correspond to labeled vowel categories. Both algorithms identify an ‘extra’
cluster based on either area (k-means, cluster 1) or density (OPTICS, cluster 1). k-means partitions the
entire space into roughly evenly sized clusters, which results in inaccurate boundaries (e.g. between /u/
and /ɪ/). On the other hand, OPTICS identifies accurate vowel centers, but doesn’t attempt to categorize
every observation. Because of these different approaches to clustering, OPTICS is more well-suited to
illustrating the core vowel space.
Conclusions: Both k-means and OPTICS are able to approximate superficial structure in the vowel space,
but differ in their underlying mathematical approach. Unlike k-means, density-sensitive methods like
OPTICS can identify areas of high density even in noisy data and extract likely vowel centers from that
structure. This study emphasizes the importance of choosing an appropriate clustering algorithm and
highlights the potential of density-based algorithms like OPTICS for analyses of vowel spaces.
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Figure 1: Comparing labeled vowel categories (left), k-means clustering (center), and OPTICS clustering (right)

