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ABSTRACT
To investigate the effect of acquired sensorineural hearing loss on
speech perception at the acoustic-phonetic level, eight hearing-
impaired and eight normally hearing adults were asked to identify
and discriminate between a number of synthetic speech stimuli.
Two sets of six speech stimuli were used; one set varied in terms
of the voicing dimension with endpoint stimuli of “coat” and
“goat”, while the other varied by place cues, with endpoints of
“date” and “gate”. Results failed to show any significant
differences in perception of the voicing contrast between the
normally hearing and hearing impaired listeners.  All sixteen
listeners identified stimuli categorically and discriminated
between-category pairs more accurately. With perception of place
of articulation, three out of the eight hearing impaired listeners
showed grossly abnormal identification, although one of those
showed good between-category discrimination.  All of the
hearing-impaired listeners showed impaired between-category
discrimination of place cues compared to normally hearing
listeners.

1. INTRODUCTION
Underlying all higher-order aspects of speech perception is the
ability to resolve acoustic differences between similar speech
sounds.  Related to this is the ability to assign speech sounds to a
particular phonemic category, i.e. to accurately identify speech
information.  Experimental techniques developed in speech
science have greatly increased our understanding of these low-
level mechanisms of speech perception and there is considerable
research data about how a normally hearing listener transforms
the acoustic signal into linguistic information [3]. On a relatively
few studies have investigated these perceptual abilities in hearing-
impaired listeners [1,4,5,6].  The aim of this study was to assess
both discrimination and identification of acoustically similar
speech tokens to see if there was any dissociation between these
two perceptual skills in a typical group of adults with acquired
sensorineural hearing loss.  Additionally, the two different
acoustic dimensions of place and voicing were assessed to
ascertain whether there would be any differences in the perception
of these two different acoustic dimensions.

2.METHOD
2.1. Subjects. Eight normally hearing subjects ranging in age
from 20 to 41 were tested in a soundproof booth at the
Department of Psychology, Southampton University.  Eight adult
subjects with acquired sensorineural hearing loss were recruited
from the Department of Audiology at the Royal South Hants
Hospital, Southampton, U.K.  Of the eight hearing impaired
subjects, six were first-time hearing aid users and had not been

using their hearing aids for more than one month at the time of the
experiment. Seven of the hearing-impaired subjects had hearing
losses in the moderate category while one subject had a hearing
loss in the severe-to-profound category.

2.2. Stimuli. For each of the two acoustic-phonetic dimensions,
six stimuli were generated by the copy method of speech
synthesis.  For the voicing dimension, the endpoint stimuli were
the words “coat” and “goat.  For the place contrast, endpoint
stimuli were the words “date” and “gate”.  The intermediate
stimuli were interpolated with all available cues varying and equal
acoustic differences between adjacent stimuli.

2.3. Experimental Procedure. For the identification task, a
simple two-alternative forced choice (2AFC) was used: subjects
were instructed to press one of two buttons corresponding to the
two possible words for each continuum (date-gate or coat-goat).
The six stimuli were then presented 20 times each, randomized
into six blocks of 20 presentations.

For the discrimination task, four pairs (stimuli 1-3, 2-4, 3-5
and 4-6 along each continuum) were used; as the category
boundary was identified as being between stimuli 3 and 4 for both
stimulus sets, there were effectively two between-category pairs
and two within-category pairs.  The discrimination task was
undertaken using the ABX procedure. Subjects were familiarized
using an initial task of highly distinguishable non-speech auditory
stimuli.  They then undertook a trial with 20 presentations out of
each of the four pairs, randomized into four blocks of 20
presentations.

The objective of the experiment was to present the stimuli at
a high level of audibility for all subjects.  Therefore, stimuli were
presented in the aided condition to the moderately impaired
subjects at a comfortably audible level while.  The one severe-to-
profound hearing-impaired subject was tested in the aided
condition.

2.4 Data analysis. For the discrimination results, proportions
correct were first computed using Microsoft Excel.  For each
subject, a discrimination function was thereby obtained, showing
a separate probability of correct discrimination for each of four
different stimulus pairs. In order to compare within- and between-
category discrimination for both groups of subjects, performance
was averaged separately for within-category and between-
category pairs, thereby yielding two distinct measures for each
subject.

In order to investigate identification performance, probit
analysis was used to derive measures of identification curve slope
and phoneme boundary for each individual subject. Expected
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discrimination was also computed as a function of actual
identification performance using the Liberman formula [2] in
order to make a comparison between actual and expected
discrimination.

3.RESULTS
All sixteen listeners, whether hearing-impaired or normally
hearing, showed typical “categorical perception” of the coat-goat
continuum which varied by cues related to voicing.  All eighteen
listeners showed a sharply defined category boundary and
significantly better between-category discrimination than within-
category discrimination.  There was also a significant relationship
between expected and actual discrimination performance.

For the place of articulation contrast (“date”-“gate”), the
overall pattern of identification and discrimination was similar for
both groups. For the hearing-impaired group as a whole, the
pattern of identification and discrimination were similar to those
demonstrated for normally hearing listeners, i.e. there was a clear
category boundary with identification and significantly better
between-category discrimination than within-category
discrimination.

However, there was significantly greater variability of
responses for the hearing-impaired group as a whole.  On closer
analysis, it was evident that five out of the eight hearing impaired
listeners showed “normal” identification patterns with a very clear
category boundary and near 100% endpoint identification.
However, three of the hearing impaired listeners showed
essentially random identification curves. In two of those cases,
discrimination was also at chance levels, whether for between-
category of within-category pairs.  However, for the one severely
hearing impaired subject, between-category discrimination was
significantly above chance despite random identification. For all
of the hearing-impaired listeners, however, between-category
discrimination was significantly worse than was the case for the
normally hearing listeners, irrespective of identification accuracy.

4. CONCLUSION
The study shows first of all that “categorical perception” of
voicing cues is well-preserved in the subjects tested here.
However, perception of the place contrast is affected in that
hearing-impaired listeners show reduced between-category
discrimination ability for place even when they identify the place
dimension very categorically.  Also, there was a marked

dissociation between two subcategories of hearing-impaired
listener, one of which could identify among a stimulus series
varying by place and the other who could not.  Although numbers
in the study were low, one predictor variable which appeared to
predict place identification acuity was the subject’s hearing level
at 2000Hz.  Finally, there was an interesting dissociation between
discrimination and identification in the one severely hearing
impaired listener who was assessed as part of this study.  These
findings suggest that separately assessing discrimination and
identification of place information in synthetic speech can reveal
important variables which may affect speech perception
performance, and further studies are planned to better define the
auditory factors affecting categorical perception of speech.
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