
UNIVERSITY OF CALIFORNIA

SANTA CRUZ

PHONOLOGY SHAPED BY PHONETICS:
THE CASE OF INTERVOCALIC LENITION

A dissertation submitted in partial satisfaction
of the requirements for the degree of

DOCTOR OF PHILOSOPHY

in

LINGUISTICS

by

Abby Kaplan

June 2010

The Dissertation of Abby Kaplan
is approved:

Professor Jaye Padgett, Chair

Professor Armin Mester

Professor Grant McGuire

Professor Keith Johnson

Tyrus Miller
Vice Provost and Dean of Graduate Studies



Copyright © by

Abby Kaplan

2010



Contents

List of Figures v

Abstract vii

Acknowledgements ix

1 Introduction 1
1.1 Lenition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.2 Phonetic Bases of Lenition . . . . . . . . . . . . . . . . . . . . . . 5
1.3 Outline of Dissertation . . . . . . . . . . . . . . . . . . . . . . . . 9

2 Typology of Intervocalic Voicing and Spirantization 11
2.1 Lenition of Intervocalic Stops: General Observations . . . . . . . 13
2.2 Place of Articulation . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.3 Segment Inventory and Contrast Maintenance . . . . . . . . . . . 18

3 Articulatory Effort Reduction 25
3.1 Assessing Articulatory Effort . . . . . . . . . . . . . . . . . . . . . 26
3.2 Physical and Linguistic Effects of Alcohol Consumption . . . . . . 31
3.3 Experiment 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

3.3.1 Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
3.3.2 Measurements . . . . . . . . . . . . . . . . . . . . . . . . . 38
3.3.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
3.3.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

3.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

4 Perception of Intervocalic Voicing and Spirantization 69
4.1 Experiment 2: Relative Perceptibility of Devoicing and Spirantiza-

tion for Voiced Stops . . . . . . . . . . . . . . . . . . . . . . . . . 73
4.1.1 Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
4.1.2 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
4.1.3 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

iii



4.2 Experiment 3: Effect of Place of Articulation . . . . . . . . . . . . 92
4.2.1 Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
4.2.2 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
4.2.3 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

4.3 Experiment 4: Relative Perceptibility of Voicing and Spirantization
for Voiceless Stops . . . . . . . . . . . . . . . . . . . . . . . . . . 102
4.3.1 Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
4.3.2 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
4.3.3 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

4.4 Discussion and Implications . . . . . . . . . . . . . . . . . . . . . 117

5 Implications for Phonology 119
5.1 Perception: Results of Experiments 2 – 4 . . . . . . . . . . . . . . 119

5.1.1 The P-Map . . . . . . . . . . . . . . . . . . . . . . . . . . 119
5.1.2 Effects of Voicing and Manner . . . . . . . . . . . . . . . . 120
5.1.3 Effect of Place of Articulation . . . . . . . . . . . . . . . . 124
5.1.4 Which Faithfulness Constraints Are Projected? . . . . . . 130

5.2 Production: Results of Experiment 1 . . . . . . . . . . . . . . . . 133
5.2.1 Previous Models of Articulatory Effort . . . . . . . . . . . 133
5.2.2 What Makes a Sound ‘Effortful’? . . . . . . . . . . . . . . 141

5.3 Putting It All Together . . . . . . . . . . . . . . . . . . . . . . . . 142
5.3.1 Analysis of Intervocalic Lenition . . . . . . . . . . . . . . . 143
5.3.2 Intervocalic Despirantization? . . . . . . . . . . . . . . . . 155

5.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159

6 Conclusion 161

7 Appendices 163
7.1 Classification of Languages in the Database of Gurevich (2004) . . 163
7.2 Stimuli for Experiment 1 . . . . . . . . . . . . . . . . . . . . . . . 179

7.2.1 Nasal-Stop Stimuli . . . . . . . . . . . . . . . . . . . . . . 179
7.2.2 Lenition Stimuli . . . . . . . . . . . . . . . . . . . . . . . . 180
7.2.3 CVC Stimuli . . . . . . . . . . . . . . . . . . . . . . . . . 181

7.3 Instructions for Experiments 2 – 4 . . . . . . . . . . . . . . . . . . 182
7.3.1 Instructions for Experiments 2 and 4 . . . . . . . . . . . . 182
7.3.2 Instructions for Experiment 3 . . . . . . . . . . . . . . . . 184

Bibliography 186

iv



List of Figures

1.1 Schematic illustration of lenition . . . . . . . . . . . . . . . . . . . 2

3.1 Production of anchor by subject 01 in the sober condition . . . . 41
3.2 Production of labor by subject 01 in the sober condition . . . . . 42
3.3 Duration of frame sentence by subject for nasal-stop and lenition

stimuli . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
3.4 Illustration of ‘X-pattern’ . . . . . . . . . . . . . . . . . . . . . . 45
3.5 Duration of stimulus by subject for nasal-stop and lenition stimuli 46
3.6 Duration of voicing of [d] of said by subject for nasal-stop and

lenition stimuli . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
3.7 Duration of consonant by subject for nasal-stop stimuli . . . . . . 49
3.8 Duration of voicing by subject for nasal-stop stimuli . . . . . . . . 51
3.9 Proportion of closure that is voiced by subject for nasal-stop stimuli 53
3.10 Duration of consonant by subject for lenition stimuli . . . . . . . 54
3.11 Duration of voicing by subject for lenition stimuli . . . . . . . . . 55
3.12 Proportion of closure that is voiced by subject for lenition stimuli 56
3.13 Duration of burst by subject for lenition stimuli . . . . . . . . . . 57
3.14 Ratio of intensity of consonant to adjacent vowel by subject for

lenition stimuli . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
3.15 Productions of rapid and rabbit by subject 02, with intensity contours 60
3.16 Extrema of slope of intensity contour during consonant by subject

for lenition stimuli . . . . . . . . . . . . . . . . . . . . . . . . . . 61

4.1 Density curves for aspiration duration in [aTa] stimuli for Experi-
ments 2 and 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

4.2 Length of first vowel in stimuli for Experiments 2 and 3 . . . . . . 81
4.3 Sensitivity to Z ∼ D vs. T ∼ D by subject in Experiment 2 . . . . 82
4.4 Sensitivity to Z ∼ D vs. T ∼ D by subject and place of articulation

in Experiment 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
4.5 Sensitivity to Z ∼ D vs. T ∼ D by talker and place of articulation

for Experiment 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

v



4.6 Partial effects of the interactions between Trial and Comparison,
Comparison and Place, and Trial and Place in Experiment 2 . . . 87

4.7 Duration of aspiration by place of articulation in [aTa] stimuli for
Experiments 2 and 3 . . . . . . . . . . . . . . . . . . . . . . . . . 94

4.8 Length of first vowel by place of articulation in stimuli for Experi-
ments 2 and 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

4.9 Sensitivity to Z ∼ D vs. T ∼ D by place of articulation in Experi-
ment 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

4.10 Sensitivity to Z ∼ D vs. T ∼ D by subject and place of articulation
in Experiment 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

4.11 Sensitivity to Z ∼ D vs. T ∼ D by talker and place of articulation
for Experiment 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

4.12 Density curves for aspiration duration in [aTa] stimuli for Experi-
ment 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

4.13 Duration of consonant in [aSa] stimuli for Experiment 4 . . . . . . 107
4.14 Center of gravity of consonant in [aSa] stimuli for Experiment 4 . 107
4.15 Intensity of consonant in [aSa] stimuli for Experiment 4 . . . . . . 108
4.16 Sensitivity to S ∼ T vs. D ∼ T by subject in Experiment 2 . . . . 109
4.17 Sensitivity to S ∼ T vs. D ∼ T by subject and place of articulation

in Experiment 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
4.18 Sensitivity to S ∼ T vs. D ∼ T by talker and place of articulation

for Experiment 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
4.19 Partial effects of the interaction between Comparison and Place in

Experiment 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
4.20 Sensitivity to Z ∼ D vs. T ∼ D by subject in a subset of data from

Experiment 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114

5.1 Sketch of analysis of spirantization . . . . . . . . . . . . . . . . . 144
5.2 Series of unidirectional leniting intervocalic alternations . . . . . . 158

vi



Abstract

PHONOLOGY SHAPED BY PHONETICS:

THE CASE OF INTERVOCALIC LENITION

Abby Kaplan

The goal of this dissertation is to explore the phonetic bases of intervocalic le-

nition – specifically, voicing and spirantization of intervocalic stops. A traditional

understanding of phonological patterns like these is that they involve articulatory

effort reduction, in that speakers substitute an easy sound for a hard one. Exper-

iment 1 uses a novel methodology to investigate whether voiced and spirantized

productions are truly easier than their unlenited counterparts: the speech of in-

toxicated subjects is recorded and compared with their speech while sober, on the

hypothesis that intoxicated subjects expend less articulatory effort. This experi-

ment thus attempts to observe effort reduction in action in the laboratory. The

results of Experiment 1 do not provide evidence that voicing and spirantization are

effort-reducing; rather, intoxicated subjects exhibit an overall contraction of the

articulatory space. Experiments 2 – 4 investigate whether an alternative account

of lenition based on perception is viable. Results suggest that attested alterna-

tions such as spirantization of voiced stops are preferred on perceptual grounds

to unattested alternations such as intervocalic devoicing. Thus, the hypothesis

of the P-map (Steriade 2001) can explain the broad strokes of lenition, although

differences by place of articulation found in Experiment 3 do not match well with

the typology. I conclude with an analysis of intervocalic spirantization couched

within Optimality Theory, and particularly Dispersion Theory, using constraints

motivated by Experiments 1 – 4. Unlike previous accounts of lenition, this anal-



ysis invokes no constraints that directly favor lenited forms over unlenited ones,

since no such constraints were motivated by Experiment 1. The constraints that

are made available by the experimental results are nevertheless able to account for

a sizeable portion of the typology of lenition. I conclude that articulatory factors

say less about lenition than traditionally thought, and that perceptual factors say

more – and that theories of phonology that are committed to taking phonetics

seriously must take notice.
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