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Participant Background Variables
• Researchers often examine the non-native/L2 perception 

of a language
• Perception studies typically control for:

▫ Hearing or speech pathologies
 (e.g. Lengeris, 2009)

▫ Experience abroad or in the target language environment
 (e.g. Lengeris, 2009)

▫ L2 experience / proficiency
 (e.g. Escudero & Vasiliev, 2011)

▫ L2 vocabulary size
 (e.g. Bundgaard-Nielsen, Best, & Tyler, 2011)

▫ Language dominance / exposure
 (e.g. Antoniou, Tyler, & Best, 2012)

▫ Knowledge of other languages (with relevant contrasts)
 (e.g. Levy, 2009a, 2009b)
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Participant Background Variables
• However, for training in linguistics (knowledge of 

phonemes, IPA, features, etc.)

▫ All had coursework
 (Strange et al., 2005)

▫ Some had coursework
 (Harnsberger, 2000; Lengeris, 2009; Strange et al., 2004)

▫ Or, usually, unspecified
 (e.g. Antoniou et al., 2012; Cebrian, Mora, & Aliaga-Garcia, 2010; 

Escudero & Williams, 2011; Guion et al., 2000; Rose, 2012) 
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Participant Background Variables
• In grammaticality/acceptability judgment tasks, participants 

with training in linguistics have been found to make:
▫ more categorical judgments (Dąbrowska, 2010)

▫ different judgments from naïve participants (Greenbaum, 1973; 
Spencer, 1973)

• What about for non-native perception?
▫ Differences in perception of German vowels by (otherwise 

comparable) American English listeners between:

 Daidone, Kruger, and Lidster (2015) 
 participants had not taken any linguistics courses

 Strange et al. (2005)
 participants had completed a course “in basic phonetics and IPA 

transcription”
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Current Study

Does the perception of German vowels by American 
English listeners differ by:

• +/- introductory training in general linguistics?
▫ +/- study of phonetics/phonology, including front rounded 

vowels?
 +/- experience learning a language with those vowels?
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Comparison of German & AE vowels
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Front rounded 
vowels in 
German but 
not AE

Category 
boundaries 
differ for 
shared vowels

from Strange et al., 2004
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Participants
108 American English listeners with no knowledge of German (age 18-36 
[mean 20]; 70 female)

1. 29 naïve listeners (Naïve)
▫ No experience with a language with front rounded vowels (French, Swedish, etc.)
▫ Had not lived abroad in a non-English-speaking country

▫ Had not taken a course in linguistics

2. 39 in an introductory Hispanic linguistics course (Hisp)
▫ No experience with a language with front rounded vowels 
▫ Learned basic phonological concepts (e.g. phonemes, allophones) as they apply to 

Spanish

3. Listeners in an undergraduate phonetics or phonology course
▫ 21 had no experience with a language with front rounded vowels (Phono-)

4. Listeners in an undergraduate phonetics or phonology course
▫ 19 had experience with a language with front rounded vowels (Phono+)
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Tasks
Tasks: 
• Free Classification
• Perceptual Assimilation

Stimuli:
• Monosyllabic non-words cut from sentence-final context
▫ Alveolar context /ʃtVt/ and velar context /skVk/

• 14 German vowels
▫ tense, long: /i/, /y/, /u/, /e/, /o/, /ø/, /a:/
▫ lax, short: /ɪ/, /ʏ/, /ʊ/, /ɛ/, /ɔ/, /œ/, /a/

• Recorded by 4 native speakers of German 
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Perceptual Assimilation Task
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Auditory Free Classification
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Instructions: Make groups of 2 or more similar-sounding vowels (ignoring the sex of the speaker).
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Example Groups Made by Participants
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Results: Perceptual Assimilation

• Response rates of < 2% are suppressed
The Effect of Experience with Linguistics and 
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Naïve Group Response Rates (%)

AE Keyword he hid hey head had huh her ha haw hoe hood who
other

AE Category i ɪ eɪ ɛ æ ʌ ɝ ɑ ɔ oʊ ʊ u

G
er

m
an

 V
o

w
el

y 31.4 64.8

ʏ 2.0 23.6 2.7 57.7 10.8

i 87.4 4.7 3.4 3.1

ɪ 3.1 67.9 12.6 13.9

e 21.6 18.2 41.6 13.3 2.0
ɛ 9.0 18.3 62.7 4.8

ø 9.2 2.7 2.2 61.4 24.0

œ 3.4 54.5 2.0 4.3 4.1 22.9 3.2

a 3.4 8.8 28.8 36.7 17.6 2.0

a: 8.1 57.2 30.2

o 2.7 3.4 39.1 22.7 16.9 12.4
ɔ 3.2 15.1 19.6 53.8 2.7 4.1

u 2.0 26.7 69.7
ʊ 23.3 2.9 13.3 8.8 41.4 8.6

modal 
avg = 
56.9%

Motivation
Current Study

Results – Discussion

Perceptual Assimilation
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Results: Perceptual Assimilation

• Response rates of < 2% are suppressed
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Hisp Group Response Rates (%)

AE Keyword he hid hey head had huh her ha haw hoe hood who
other

AE Category i ɪ eɪ ɛ æ ʌ ɝ ɑ ɔ oʊ ʊ u

G
er

m
an

 V
o

w
el

y 4.0 29.8 63.8

ʏ 25.2 65.5 4.3

i 92.3 5.3

ɪ 5.0 77.9 8.0 8.7

e 26.6 22.6 35.9 13.8
ɛ 3.0 6.7 17.1 71.6

ø 10.9 2.6 69.7 15.4

œ 5.3 56.1 3.2 27.7

a 3.0 10.3 33.5 38.8 12.0

a: 9.8 2.4 61.7 25.6

o 3.4 37.0 25.2 20.0 13.0
ɔ 20.4 18.9 54.5 2.7

u 25.5 72.0
ʊ 21.2 9.1 6.4 52.2 8.8

modal 
avg = 
60.6%

Motivation
Current Study

Results – Discussion

Perceptual Assimilation
Free Classification
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Results: Perceptual Assimilation

• Response rates of < 2% are suppressed
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Phono- Group Response Rates (%)

AE Keyword he hid hey head had huh her ha haw hoe hood who
other

AE Category i ɪ eɪ ɛ æ ʌ ɝ ɑ ɔ oʊ ʊ u

G
er

m
an

 V
o

w
el

y 8.6 2.1 17.3 68.5
ʏ 24.7 3.9 63.1 3.3

i 95.8 2.7
ɪ 5.7 78.9 7.4 6.5

e 27.7 23.2 43.2 4.2
ɛ 5.1 8.0 85.7

ø 11.9 6.3 60.7 17.6

œ 4.5 67.6 5.1 3.0 16.1

a 7.7 41.7 42.0 6.0

a: 4.5 74.1 19.3

o 32.0 51.3 6.2 4.7 4.5
ɔ 23.8 22.6 51.5

u 2.7 2.4 12.8 81.8
ʊ 20.8 2.4 7.4 19.6 44.9 3.3

modal 
avg = 
64.9%

Motivation
Current Study

Results – Discussion

Perceptual Assimilation
Free Classification
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Results: Perceptual Assimilation

• Response rates of < 2% are suppressed
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Phono+ Group Response Rates (%)

AE Keyword he hid hey head had huh her ha haw hoe hood who
other

AE Category i ɪ eɪ ɛ æ ʌ ɝ ɑ ɔ oʊ ʊ u

G
er

m
an

 V
o

w
el

y 3.0 8.9 85.9
ʏ 10.9 78.6 4.6

i 97.4

ɪ 66.1 15.1 16.1

e 6.6 8.2 82.2

ɛ 3.9 94.1

ø 4.3 5.3 75.3 11.5

œ 3.9 54.6 2.6 32.2

a 11.8 25.3 54.9 5.6

a: 8.9 78.9 10.9

o 18.2 76.9 3.3

ɔ 25.0 20.4 48.7 2.6 2.6

u 3.6 94.7
ʊ 11.5 5.9 33.9 43.4

modal 
avg = 
73.7%

Motivation
Current Study

Results – Discussion

Perceptual Assimilation
Free Classification
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Summary: Perceptual Assimilation
• Many group similarities

▫ Same modal categories except for German /o/
 /ɔ/ for Naïve and Hisp, /oʊ/ for Phono groups

▫ Front rounded vowels assimilated primarily to back vowels

• Some differences between groups
▫ Participant-internal consistency:

 For /i/, /u/, & /ɛ/: Naïve < Hisp < Phono- < Phono+ (p < .001)
 Across all vowels, only Naïve < Phono+ was significant

▫ Intra-group consistency:
 Phono+, Phono-, and Hisp had higher intra-group agreement than 

Naïve participants (p = .008)

▫ Phono- and Phono+ groups sometimes “un-rounded” front 
rounded vowels, but Naïve and Hisp did not

The Effect of Experience with Linguistics and 
Other Languages on Non-Native Perception 19
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• Use “Multidimensional Scaling” (MDS) to visualize 
perceptual distances between stimuli

• Ex: /i/ and /e/ grouped together 90% of the time

• Decided on 3-dimensional solution

Results: Free Classification

.1i e

Motivation
Current Study

Results – Discussion

Perceptual Assimilation
Free Classification
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Interpreting the MDS Dimensions
• Stimuli were measured using Praat

▫ Duration, intensity (dB)

▫ f0, F1, F2, F3 at 25%, 50%, and 75% of vowel duration

▫ Change in formant values over vowel duration (i.e. 
diphthongization and pitch contour)

• Also coded for:

▫ Speaker sex

▫ [+/-rounded] as abstract (binary) feature

▫ [+/-long] for long/tense vowels or short/lax vowels

The Effect of Experience with Linguistics and 
Other Languages on Non-Native Perception 21
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Acoustic Space

The Effect of Experience with Linguistics and 
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3D MDS Solution, Naïve Group

f0 F1 F2 F3 dB Gen Round Duration PhonoLen

Dim1 -0.005 -0.095 -0.690 -0.667 0.167 -0.018 0.963 -0.009 0.071

Dim2 -0.100 0.800 -0.444 -0.446 -0.244 -0.019 0.208 0.107 -0.335

Dim3 -0.002 -0.257 -0.293 0.226 -0.132 0.015 0.078 0.631 0.793

The Effect of Experience with Linguistics and 
Other Languages on Non-Native Perception 23
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Vowel Height
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f0 F1 F2 F3 dB Gen Round Duration PhonoLen

Dim1 .015 -.089 -.717 -.649 .126 .005 .976 -.005 .052

Dim2 .118 -.803 .466 .384 .255 .031 -.155 -.190 .232

Dim3 .062 -.408 -.196 .320 -.056 .050 .025 .523 .772

3D MDS Solution, Hisp Group

Motivation
Current Study

Results – Discussion

Perceptual Assimilation
Free Classification
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f0 F1 F2 F3 dB Gen Round Duration PhonoLen

Dim1 .037 -.128 -.628 -.652 .140 .018 .951 -.027 .064

Dim2 .196 -.825 .460 .390 .146 .108 -.185 -.049 .373

Dim3 .079 -.261 -.326 .243 -.124 -.082 -.080 -.554 -.723

3D MDS Solution, Phono- Group

Motivation
Current Study

Results – Discussion

Perceptual Assimilation
Free Classification
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f0 F1 F2 F3 dB Gen Round Duration PhonoLen

Dim1 .033 -.169 -.638 -.655 .138 .016 .944 -.039 .061

Dim2 .110 -.773 .374 .369 .200 .036 -.211 -.092 .313

Dim3 .068 -.385 -.282 .334 -.026 .060 .141 .360 -.628

3D MDS Solution, Phono+ Group

Motivation
Current Study

Results – Discussion

Perceptual Assimilation
Free Classification
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Summary: Free Classification
• Group similarities:
▫ Roundedness, F1, and phonological length were the 

strongest predictors of vowel similarity judgments for 
all groups

▫ Front rounded vowels were grouped together with 
back vowels

• Group differences:
▫ Phono+ had significantly larger distances between 

vowels than Naïve (p = .002)
▫ 3rd dimension was more important for Phono groups, 

and stress (model misfit) was higher, indicating 
possibly other criteria

The Effect of Experience with Linguistics and 
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Discussion
• Overall, groups are highly comparable to each other, but 

significant differences exist
▫ On PA task:

 Modal category for German /o/ differed by group

 Participant-internal and intra-group consistency differed by group

▫ On Free Classification:
 Phono groups separated vowels more using more dimensions

 Phono+ group had higher distances between vowels than Naïve

• Group differences were larger on the PA task

▫ PA task might require more metalinguistic awareness

The Effect of Experience with Linguistics and 
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Conclusions and Implications
• When examining non-native perception, it is important 

to consider:
▫ Amount of experience studying linguistics

▫ Task demands on metalinguistic awareness

• Language experience may not have expected effect on 
perception
▫ Phono+ often differed from Phono-, but not on front rounded 

vowels specifically

• Results should be expected to be comparable on the 
whole, but depending on the research question, 
linguists’ judgments may not generalize to naïve 
participants’ or vice versa

The Effect of Experience with Linguistics and 
Other Languages on Non-Native Perception 29
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Thank you!

We would like to thank Prof. Isabelle Darcy, Dr. 
Eriko Atagi, Prof. Stuart Davis, Prof. Alexander 
Francis, Prof. Kelly Berkson, Prof. Ken de Jong, and 
the L2 Psycholinguistics Lab for their valuable 
comments and feedback! 

Questions, Comments, and Concerns:

rflidste@umail.iu.edu

ddaidone@indiana.edu

fkruger@indiana.edu

mailto:rflidste@umail.iu.edu
mailto:ddaidone@indiana.edu
mailto:fkruger@indiana.edu
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Daidone et al. (2015) Strange et al. (2005)

German Vowel Modal AE Vowel % Modal AE Vowel %

y u 60 u 93

ʏ ʊ 50 ʊ 74

i i 83 i 99

ɪ ɪ 68 ɪ 84

e eɪ 45 eɪ 64

ɛ ɛ 60 ɛ 92

ø ʊ 60 u 43

œ ʌ 56 ʌ 74

a ɑ 39 ɑ 55

a: ɑ 53 ɑ 75

o ɔ 39 oʊ 69

ɔ ɔ 51 ɔ 53

u u 64 u 88

ʊ ʊ 32 ʊ 45

Naïve participants Participants with ling exp

Differences

+33

+24

+17

+16

+19

+32

---

+18

+16

+23

---

+2

+24

+13

Appendices Comparison of results from Daidone et al. 
(2015) and Strange et al. (2005)
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Speakers

▫ 2 males from Rhineland-Palatinate

▫ 2 females from Brandenburg and Saxony
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Appendices All Tokens used in PA together
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Perceptual Assimilation Task
• Participants were given instructions on how to complete the task, 

and the experimenter read the vowels for each keyword to them

• Participants completed training phase with 23 tokens containing 
American English vowels (1 male, 1 female AE speaker)

• Experimenter then asked participants to read the vowels out loud in 
order to check their understanding and corrected them if necessary

• Participants who did not correctly identify the vowel in at least 17/23 
(~74%) of the AE stimuli in the training were later excluded

38

Appendices Notes on Procedure for PA
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he hid hey head had huh her ha haw hoe hood who

i ɪ eɪ ɛ æ ʌ ɝ ɑ ɔ oʊ ʊ u other

y -4.5 4.1

ʏ 2.3 -13.9 4.1 3.6 8.1

i 9.0 -4.1 -5.0 0.9

ɪ 6.3 -24.9 17.2 0.1

e -5.5 9.4 3.9 -5.0 -3.6 -2.3

ɛ 7.1 2.1 -9.2 0.5

ø -1.4 3.6 0.0 -4.5 4.0

œ -3.2 -2.3 -5.4 -2.3 -10.4 3.2 0.4 6.3 11.3 0.9

a 5.0 2.2 11.7 -14.8 -2.7 2.3

a: 0.0 2.2 -23.9 21.3

o -1.0 -2.7 -1.4 3.4 3.0 -1.5 1.3

ɔ -5.0 -16.6 -16.6 35.6 0.9 -0.9

u 3.6 -8.7 5.1

ʊ -24.2 1.3 14.8 11.2 -5.4 2.6

NAÏVE VELAR - ALVEOLAR

Keyword

AE Category

G
e

rm
an

 V
o

w
e

l

The Effect of Experience with Linguistics and 
Other Languages on Non-Native Perception 39

Appendices PA: Consonant Context



New Sounds, June 2016
Lidster, Daidone, & Kruger

The Effect of Experience with Linguistics and 
Other Languages on Non-Native Perception 40

he hid hey head had huh her ha haw hoe hood who

i ɪ eɪ ɛ æ ʌ ɝ ɑ ɔ oʊ ʊ u other

y 0.4 -3.2 5.1

ʏ -7.3 6.1 7.1

i 5.8 -1.6 -2.2

ɪ 9.9 -26.3 14.7 3.2

e 0.6 11.8 -7.0 -5.8

ɛ 0.3 12.8 10.5 -22.1

ø 1.2 4.8 -3.6 -2.6

œ -9.9 -0.6 2.2 0.6 8.0

a 5.4 0.7 5.4 -9.0 -1.0

a: -3.5 3.8 -17.6 17.3

o -0.3 -2.2 10.5 -3.5 -2.2

ɔ -19.5 -18.6 38.4 2.2 1.0

u -7.4 5.5

ʊ -21.8 11.9 11.2 -3.9 6.1

Keyword

HISP VELAR - ALVEOLAR

AE Category

G
e

rm
an

 V
o

w
e

l
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he hid hey head had huh her ha haw hoe hood who

i ɪ eɪ ɛ æ ʌ ɝ ɑ ɔ oʊ ʊ u other

y -6.5 -3.0 -1.2 5.9

ʏ -2.4 -0.6 6.5 2.4 -4.8 -2.4

i 3.6 -3.6 -2.4

ɪ 11.3 -24.4 14.9 -2.3

e -4.2 11.9 -6.5 0.0

ɛ 5.3 3.0 -7.2

ø 3.6 10.7 3.0 -8.4 -4.1 -2.4

œ -8.3 -4.1 4.1 -4.2 10.7

a 9.5 8.3 2.4 -22.0 4.7

a: -1.8 -9.0 10.1

o -3.7 2.7 1.7 2.3 -3.0

ɔ -22.6 -15.5 39.9

u 4.8 0.0 -3.0 -1.7

ʊ -22.6 0.0 5.3 19.1 -4.1 4.8

PHONO- VELAR - ALVEOLAR

Keyword

AE Category

G
e

rm
an

 V
o

w
e

l
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he hid hey head had huh her ha haw hoe hood who

i ɪ eɪ ɛ æ ʌ ɝ ɑ ɔ oʊ ʊ u other

y -4.6 -0.6 0.7

ʏ 2.6 -0.7 -7.2 7.9

i 5.3 -3.3

ɪ 3.3 -27.0 29.6 -3.3

e 11.8 0.7 -10.5

ɛ 6.6 -5.3

ø -2.0 -1.3 3.3 -3.3

œ -6.6 -2.6 5.2 3.3 0.0

a 2.6 15.8 2.0 -20.4 -0.6

a: -2.0 1.3 1.9

o -8.5 13.0 -5.9

ɔ -10.6 -19.8 31.6 3.3 -3.9

u -0.6 1.3

ʊ -11.2 1.3 29.6 -15.8 -3.3

PHONO+ VELAR - ALVEOLAR

Keyword

AE Category

G
e

rm
an

 V
o

w
e

l
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Phono+ group differs from 
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Appendices PA Results for German /e/



Individual and Group Consistency
Naïve Classification of German /e/ Phono+ Classification of German /e/

44The Effect of Experience with Linguistics and 
Other Languages on Non-Native Perception

e 1 2 3 4 5

Naïve ID i ɪ eɪ ɛ æ

3 1 5 4 3 1

4 0 0 9 7 0

6 5 5 5 1 0

7 1 0 5 2 4

9 0 1 12 1 0

10 1 1 8 4 1

13 1 1 9 5 0

14 0 1 8 6 1

17 7 0 7 2 0

18 5 9 0 2 0

19 0 5 7 4 0

20 0 0 14 2 0

23 3 2 6 2 0

26 8 4 0 4 0

28 0 0 15 1 0

32 3 1 6 6 0

33 5 2 6 3 0

34 5 1 10 0 0

35 8 8 0 0 0

37 8 6 2 0 0

81 13 0 2 0 0

1605 5 11 0 0 0

1607 5 9 2 0 0

1608 0 0 9 1 2

1609 1 1 11 2 0

1611 6 7 3 0 0

1612 0 1 15 0 0

1613 5 0 10 1 0

1616 5 0 7 3 0

1618 0 0 16 0 0

e 1 2 3 4 5

Participant IDsi ɪ eɪ ɛ æ

41 0 0 16 0 0

46 0 0 15 0 0

51 1 0 15 0 0

52 0 0 14 0 0

54 1 1 14 0 0

55 2 14 0 0 0

56 2 0 13 1 0

59 0 0 13 3 0

61 2 1 13 0 0

62 0 0 16 0 0

63 2 0 14 0 0

115 0 0 16 0 0

121 1 2 13 0 0

157 0 0 15 1 0

161 2 0 14 0 0

452 0 0 16 0 0

453 3 3 9 1 0

456 4 4 8 0 0

458 0 0 16 0 0

• Phono+ participants line up more
• Phono+ participants are more 

internally consistent (even the one 
who disagrees with the group 
classified 14/16 tokens as /ɪ/)

Appendices PA: Individual Consistency
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Intra-Group Consistency

The Effect of Experience with Linguistics and 
Other Languages on Non-Native Perception 45

Appendices PA Intra-Group Consistency Means Plot



New Sounds, June 2016
Lidster, Daidone, & Kruger

The Effect of Experience with Linguistics and 
Other Languages on Non-Native Perception 46

Naïve

German 
Vowel

Modal AE 
Vowel

%

y u 64.8

ʏ ʊ 57.7

i i 87.4

ɪ ɪ 67.9

e eɪ 41.6

ɛ ɛ 62.7

ø ʊ 61.4

œ ʌ 54.5

a ɑ 36.7

a: ɑ 57.2

o ɔ 39.1

ɔ ɔ 53.8

u u 69.7

ʊ ʊ 41.4

Hisp

Modal AE 
Vowel

%

u 63.8

ʊ 65.5

i 92.3

ɪ 77.9

eɪ 35.9

ɛ 71.6

ʊ 69.7

ʌ 56.1

ɑ 38.8

ɑ 61.7

ɔ 37.0

ɔ 54.5

u 72.0

ʊ 52.2

Phono-

Modal AE 
Vowel

%

u 68.5

ʊ 63.1

i 95.8

ɪ 78.9

eɪ 43.2

ɛ 85.7

ʊ 60.7

ʌ 67.6

ɑ 42.0

ɑ 74.1

oʊ 51.3

ɔ 51.5

u 81.8

ʊ 44.9

Phono+

Modal AE 
Vowel

%

u 85.9

ʊ 78.6

i 97.4

ɪ 66.1

eɪ 82.2

ɛ 94.1

ʊ 75.3

ʌ 54.6

ɑ 54.9

ɑ 78.9

oʊ 76.9

ɔ 48.7

u 94.7

ʊ 43.4

Appendices Comparison of Categorization Rates across 
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Number of Languages Studied

• For total number of languages studied, Naive = 
Hisp < Phono- < Phono+ (F(3) = 28.48, p < .001)

• About half of Phono- had studied ASL as their 
L2

• When controlling for number of (spoken) languages in a 
MANOVA on internal consistency and intra-group 
consistency, only Group was a significant factor (F(3) = 
4.47, p = .008)
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Deciding Dimensionality
• Depends on amount of “stress”, R2 of simplified model, 

and interpretability of dimensions (Clopper, 2008; Harnsberger, 

2001)

• Example:

The Effect of Experience with Linguistics and 
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Dimensions Stress R2

1 0.402 0.580

2 0.242 0.742

3 0.115 0.904

4 0.083 0.939

5 0.057 0.966

Appendices Dimensionality Assessment for FC
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Stress Across Groups for FC Matrices
Dimensions Naive Hisp Phono- Phono+

1 .395 .426 .433 .402

2 .192 .180 .229 .242

3 .088 .083 .132 .115

4 .066 .063 .094 .083

5 .049 .045 .062 .057
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Appendices FC Stress Plots for Combined Plots across 
Consonant Contexts


