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Dissertation Title: Effects of Perceptual Training on the Acquisition American
of English Vowels and Fricatives by Native Speakers of Japanese

Chukyo University, Graduate School of Computer and Cognitive Science
Stephen G. Lambacher

1. Introduction

In this dissertation, a series of experiments were carried out to examine the effects of perceptual
(ie. listening) training on the identification and production (pronunciation) of American English (AE)
vowels by native speakers of Japanese. An examination of the ability of native Japanese to identify
English voiceless fricatives was also performed. In addition, a pedagogical plan is presented for helping
native Japanese second language (L2) learners improve their production of AE vowels and voiceless
fricatives through bioacoustic (visual) feedback training. Our main goal through this research was to
further our understanding of the effects of perceptual training on the perception and production of
L2 speech sounds by native Japanese. Another major goal was to gain a deeper understanding of the
specific difficulties native Japanese have in acquiring English vowels and fricatives.

2. Problems

There were no prior studies that had examined perceptual training to improve L2 vowels or
multiple L2 sounds (only binary consonant contrasts such as English /r/ — /1/).Therefore, we wanted
to determine if a high-variability, perceptual training method using both discrimination (ie. being
able to distinguish between two sounds) and identification (i.e., assigning a label to a sound) tasks
could effectively improve native Japanese L2 perception of multiple vowel sounds? Additionally, does
improvement in L2 speech perception transfer to improvement in L2 production? The main objective
was thus to contribute to a deeper understanding of degree it is possible for adult language learners
to modify their perceptual spaces for acquiring new L2 sounds, as well as to phonetics education, in
general.

3. Methods and Results

Chapter 1 provides an overview of the dissertation, tracing its origins through each stage of the
research, including the chief motivation and main research questions, a description of each of the main
experiments, and a brief summary of results.

Chapter 2 presents a review of prior studies examining the effects of perceptual training on
the acquisition of L2 speech contrasts, as well as a discussion of the overall difficulty of L2 speech
learning.Current theories of L2 speech learning and the link between L2 perception and production
are also discussed.

Chapter 3 examines and compares the ability of native Japanese speakers and native AE speakers
in identifying the ten AE vowels /i/, /1/, /E/, /ae/, /a/, /er/, /uh/, /au/, /U/, /u/. Confusion matrices
for each of the groups were submitted to two types of statistical analyses — signal detection theory
(SDT) analysis (sensitivity, as measured by d') and hierarchical cluster analysis (HC) — which revealed
that the Japanese listeners had the most difficulty identifying the following five AE vowels: /ae/ as



in cat, /a/ as in not, /uh/ as in cut, /au/ as in taught, and /er/ as in bird. These five vowels were
subsequently chosen as the target stimuli of the experiments conducted throughout chapters 4, 5, and
6 of the dissertation.

Chapter 4 examines the vowel identification performance of a group of native Japanese before
and after a five-week discrimination training period, which included an ABX task and an AB task.
The five target vowels /ae/, /a/, /uh/, /au/, /er/ were first presented in an identification pretest
and posttest. A control group of native Japanese participants was administered the same pretest and
posttest, separated by a five-week Interval in which they received no vowel discrimination training.
The results showed that although the Japanese trained participants exhibited modest improvement
from pretest to posttest, an analysis of variance (ANOVA) showed that the benefit of discrimination
training relative to the control group's improvement over time with no discrimination training did not
reach significance, p > .05. This revealed that the discrimination training procedure was ineffective (see
Figure 1).
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Figure 1 : A comparison of correct response rates of the experimental (light
panels) and control participants (dark panels) collapsed across all conditions
except group and time (pre/post).

Chapter 5 examines the effects of identification training on the performance of native Japanese
in identifying the same five target AE vowels. Both an experimental group and control group of
Japanese participants received the same identification pretest and posttest,separated by the same six-
week interval during which only the experimental group received vowel identification training that
also provided feedback regarding which vowel sound had been produced by five AE native speakers.
The posttest results showed that the experimental group's identification performance for each of the
five target AE vowels improved significantly more than the control group's did (see Figure 2).
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Figure 2: A comparison of correct response rates of the

experimental (light panels) and control participants (dark panels)
collapsed across all conditions except group and time (pre/post).



Chapter 6 examines the effects of identification training on the production of the five target AE
vowels by the same two groups of Japanese participants reported in Chapter 5. First, both before and
after the six-week identification-training period, recordings were made of the experimental group's
and control group's productions of a list of words,each containing one of the five target AE vowels.
These productions were evaluated by a group of AE native listeners using a five-alternative, forced-
choice identification task (bAFC). The formant frequencies and durations of the vowel stimuli as
produced by both groups of Japanese participants and the native AE talkers who recorded the vowel
stimuli for the identification pre-/post-tests were also measured and analyzed. The results showed
that the experimental group's posttest productions were more accurately identified than their pretest
productions by a group of 26 AE listeners. Overall, these results indicated the identification training
had a positive effect on both the experimental group's identification and pronunciation of the target
vowels.

Chapter 7 examines the ability of native Japanese to distinguish between the English voiceless
fricative consonants /f/, /s/, /sh/, /th/, and /h/. These five fricatives were presented in a varied
vowel context in three different consonant contexts, as spoken by three native speakers of English.
Listeners were asked to identify which of the five fricatives they heard in each stimulus. The
identification rates of the native Japanese listeners were submitted to three types of statistical
analyses — signal detection theory analysis, hierarchical cluster analysis, and multidimensional scaling
(MDS) analysis — in order to determine the effect of vowel context and consonant position on the
listeners' identifiability toward fricative recognition.

Chapter 8 examines the application of bioacoustic feedback, a type of computerized training
using spectrographic images for accent reduction, in helping native Japanese L2 learners improve
their pronunciation of AE vowels and voiceless fricatives. The basic features of bioacoustic feedback
software and pedagogy are introduced. The software enables learners to perform an acoustic analysis
of their speech in real time with functions for viewing amplitude and pitch, and for viewing and
measuring duration and frequency characteristics. A training plan is proposed for helping native
Japanese improve their pronunciation of AE vowels and voiceless fricatives. Using bioacoustic
feedback, learners visualize their own pronunciation and learn to associate the patterns on the screen
with the movement of their articulators.

Chapter 9 concludes the dissertation by presenting a summary of the overall results. Possible
reasons are considered for why the identification training procedure was more successful than
the discrimination training procedure in improving native Japanese identification and production
performance of the target AE vowels. The pattern of results is also discussed from a cross-language
perspective and in light of current theories of speech learning. Additionally, the relationship between
speech perception and speech production is briefly discussed taking into account the gains made
by the trained participants in both identification and production of the target AE vowels. Finally, a
summary of the contributions of the dissertation and suggestions for future work are presented.
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