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Due to the high dynamics and variability in the speech signal, perceptual vowel
identification cannot be predicted directly from the acoustic properties of the signal but is
determined by the listener’s attentional tuning to specific acoustic cues and perceptual
dimensions varying language-specifically and even individually. Acoustically different vowel
sounds are perceived at some cognitive level as more or less “similar” or “distinct” from
others, belonging either to the same or to different categories. In experimental identification
tasks, listeners‘ perception of acoustically different sounds as belonging to the ”same“ or a
”different” category are conditioned by signal-inherent as well as external factors from the
listeners’ language knowledge, context and expectations. The categorization of sounds is
based on relationships of “similarity” between single items and mental categories of a given
language. Language-specific or more general physical and cognitive biases determine the
categorization of a given input as “similar” to items belonging to mental categories.
Similarity has been used as one of the central concepts in many models of second language
speech perception and acquisition (e.g. Best 1995; Flege 1987, 1995; Kuhl 1992, 1993). Yet,
the operationalization of this construct has so far not deserved sufficient attention.
Based on response material from a prior study on non-native vowel identification
(Kerschhofer-Puhalo 2014, in print), this presentation will discuss empirically grounded ways
of operationalizing perceptual similarity in L2 in terms of (1) acoustic similarity scores and
(2) psychological similarity and distances. In a vowel identification task, 15 German vowel
types were presented in non-words with differing consonantal context to 173 L2 learners of
German from 10 L1 subsamples (+ a native control group). Participants were asked to match
the input stimuli with response categories, which consisted of all full vowel categories of
German. The L2 listeners’ responses were summarized in confusion matrices and were –
together with data from the acoustic analysis of the input stimuli – subject to higher level
statistical analysis. Multidimensional Scaling (MDS) was applied to visualize (intra-lingual)
similarity of German vowel phonemes in a geometric 2- or 3-dimensional spatial
representation of the L2 vowel space (Shepard 1972; Terbeek 1977; Johnson 2012). Several
previous experiments using MDS solutions have postulated a high correspondence between
spatial distances in MDS solutions and acoustic-phonetic properties such as vowel formants
(Kewley-Port & Atal 1989; Iverson & Kuhl 1995; Fox, Flege & Munro 1995; Francis &
Nusbaum 2002). Alternatively to more traditional mono-directional conceptions of similarity
between L1 and L2 sounds and the claim that statistical correlations with acoustic properties
are sufficient to understand perceived similarity in L2, we favour a cross-linguistic influenceapproach focussing on biases associated with properties of stimuli (acoustic-phonetic) as well
as responses (phonological) to account for ease and difficulty, preferences and avoidance in
L2 perception experiments. A cross-language comparison of the L1 subsamples shows that –
rather than predicting perceptual similarity directly from acoustic phonetic properties –
perceptual similarity sij between vowel categories of the target language has to be modelled
as the result of the complex interaction of (1) phonetic proximity pij, (2) stimuli biases bi and
(3) response biases bj (sij = pij * bi * bj). We will show that biases vary according to
characteristics of the acoustic signal, the set of stimuli and response categories presented in
the experimental setting as well as to the L2 learners’ language experience (in L1, L2, Ln),
L2 proficiency and their individual conception of the target language vowel system.
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