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Previous studies have reported inconsistent results regarding the predictive power of cross-language acoustic similarity
in non-native vowel perception. Some studies [e.g., 1] have reported acoustic similarity is not always successful in
predicting cross-language speech perception. While other studies [2; 3] have found that acoustic similarity is a good
predictor of cross-language perceptual assimilation patterns. Given the previous inconsistent findings, the present study
intends to shed new light on the predictive power of cross-linguistic acoustic comparisons in non-native vowel
perception by evaluating the degree of consistency between acoustic and perceptual similarity of Standard German (SG)
and Modern Greek (MG) vowels.

1) Examine how Standard German (SG) vowels perceptually assimilate to Modern Greek (MG) vowels by naïve MG
listeners.

2) Investigate the extent to which acoustic similarities between native and non-native vowels can predict non-native
vowel perception patterns in the early stage of the SG acquisition by MG learners.

3) Test the accuracy of predictions based on perceptual assimilations via a discrimination task.

3.METHOD

Participants:
• Native speakers of Standard Modern Greek
• 34 adults (17 f, age range: 18-34 y)
• No prior experience with German

Stimuli:

• 15 SG monophthongs /i, ɪ, eː, ɛ, ɛː, aː, a, ɔ, oː, œ, øː, ʊ, uː, ʏ, yː/
• Embedded in non-word CVC contexts
• Produced by 4 native Standard German (SG) speakers

Tasks:
• Perceptual assimilation task (multiple forced-choice identification)
• AXB Discrimination task
• Acoustic data: SG vowels recordings (2 f native speakers); MG vowels

recording (5 f native participants): the 5 MG vowels /a, e, i, o, u/
embedded in CVC non-word contexts

Fig 1. Average F1 and F2 values (in Bark scale) for Standard German vowels (triangles) produced 
by two native female speakers, and Modern Greek vowels (circles) produced by five native 

female speakers. 

A cross-language LDA was conducted to establish the spectral similarity of SG and MG vowels. This classification provides
a quantitative way of determining the acoustically closest native vowel for each non-native vowel. The LDA classification
results (percentage classifications) show how well SG vowels fall with respect to the centers of gravity of the MG corpus
tokens (Table 1; columns 4 and 5).

SG 
vowel

Modal MG 
Category (perceptual 

assimilation)

Percent 
modal 

Responses 

Acoustic assimilation 
to L1 vowel

Percent modal LDA 
classification

a a 98 (5) a 100

a: a 100 (5) a 100

ɛ e 93 (5) e 100

ɛ: e 99 (5) e 100

ɪ i 69 (5) i 81

e: i 98 (5) i 100

i: i 100 (5) i 100

ɔ o 94 (5) o 94

o: u 72 (5) u 81

ʊ u 83 (5) u 100

u: u 100 (5) u 100

ʏ u 94 (5) e 47

ø: u 95 (4) i 61

y: u 98 (4) i 100

œ u 45 (4) e 81

Table 1. Perceptual assimilation and acoustic similarity results. Shaded rows indicate selected modal Modern Greek (MG) 
category for the Standard German (SG) vowel is not the same across perceptual and acoustic assimilation results. 

• The frequencies of selected MG vowel categories were computed for each SG vowel (tallied across all listeners) and
percentages were calculated (Table 1, columns 2 and 3).

• The goodness ratings assigned to each response category were computed for median response.

• Most of the SG vowels were
consistently categorized as one
of the MG categories with high
median ratings (Table 1):

✓ SG /a, a:, ɛ, ɛ:, e:, i:, ɔ, ʏ, u:/
were categorized as one MG
category with more than 90%
consistency and median rating
of 5 (vowels were judged to
be very similar to some MG
vowels)

✓ Less consistently, SG /ʊ/, /o/,
/ɪ/ and /œ/ were categorized
as MG vowels /u/ (83%), /u/
(72%), /i/ (68%), and /e/
(45%), respectively

• The findings indicate that cross-language acoustic similarity of native and non-native vowels do not always predict non-native perceptual assimilation patterns:
o The predictions based on the cross-language LDAs were not consistent with perceptual assimilations patterns for SG front rounded vowels.
o These results are in line with some previous findings from cross-language perceptual and acoustic comparisons [1]
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Comparing the LDA and perceptual assimilation results
• The LDA results corresponded with the modal responses obtained in the perceptual assimilation task for SG /a, a:, ɛ, ɛ:, ɪ,

e:, i:, ɔ, o:, ʊ, u:/
• The modal MG responses for SG front rounded vowels /ʏ, ø, y:, œ/ were different across perceptual assimilations and LDAs:
✓ All SG front rounded vowels were perceptually assimilated to MG back rounded /u/
✓ But according to LDAs they were all categorized as MG front vowels /i/ and /e/
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4.3. AXB discrimination task

Fig 2. Percentage of correct discrimination (for each pair) averaged across participants.

• Overall there were high discrimination accuracy for all  six 
contrasts (Fig. 2).

• The results are not fully in line with L2LP predictions on predictive power of acoustic similarities of native and non-native vowels [2;3]. It should be noted that the lack of consistency between
acoustic and perceptual assimilations in the present study could be due to the fact the acoustic comparisons here are solely based on the static spectral information from the middle point of the
vowels and other dynamic acoustic features (e.g., formant trajectories) are not involved in the comparisons.

• The predictions based on perceptual assimilation patterns were only partly consistent with Perceptual Assimilation Model (PAM) [4] and Second Language Linguistic Perception model’s (L2LP) [5}
predictions:

o The SG contrasts /i-ɪ-e/, /u:-y:/, /o:-ø:/, /ʊ-ʏ/ corresponds to the “Single-Category Assimilation” / “NEW SCENARIO” → all members of the contrast are assimilated consistently to the same MG
vowel with high goodness ratings. Although the discrimination for these pairs were predicted to be very difficult, our results show high discrimination accuracy for all of these pairs.

o Considering a 50% cut-off threshold, SG /œ/ is considered as an uncategorized vowel and SG /ʏ/ is mainly categorized as MG /u/ vowel → the “Uncategorized-Categorized” assimilation / SUBSET
SCENARIO. The discrimination of this pair was estimated to be relatively easy; our results confirm a high discrimination accuracy for this pair, yet compared to the rest pairs it shows the lower
accuracy.

4.1. Acoustic comparisons and linear discriminant analysis (LDA)
• SG and MG vowel systems are very different (Fig. 1):
✓ SG has a wider vowel space
✓ Some SG and MG vowels are very close to each other in the vowel space, e.g.:
SG /e/ – MG /i/, SG /ɛ/ – MG /e/, and SG /ʊ/ – MG /u/

• The larger vowel system of SG is expected to cause multiple non-native vowels to get perceptually (and acoustically)
assimilated to single MG vowels

4.RESULTS
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