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Abstract 

The present work investigated the efficiency and generalizability of a technique 

for training francophone Canadians to identify and distinguish the phonemes / e I and 

I � /. The technique was developed in a pilot experiment, based on the fading 

technique used by Terrace (1963) to train perceptual contrasts with few subject 

errors. The initial technique involved training, beginning with the presentation of 

consonant-vowel (CV) exemplars, beginning with exaggerated amounts (140 ms) of 

the appropriate type of frication, in an identification training task with feedback. 

Subsequently, stimuli with progressively shorter fricative durations were added to the 

stimulus set for identification. In Experiment 1, just 90 minutes of such training was 

found to enhance the ability of francophone adults to discriminate between these 

sounds and to identify both the training stimuli and natural CVs produced by a single 

male speaker. Control subjects showed no such gains. 

Experiment 2 was conducted to test the generality of this technique. The results 

of the identification of the synthetic / e / - / � / training stimuli replicated the results 

of Experiment 1. The improved performance of subjects on the identification of 

natural CV s produced by two additional male and two female speakers demonstrated 

that the effect of training extended across voices. Training failed to improve 

identifications of /0 /and/ �/phonemes in word-medial and word-final positions. 

Identifications of synthetic and natural examples of/�/ and /d/, in word-initial 

position also failed to show any effect of training. 

Experiment 3 attempted to train / 0 / -/ �/discrimination and identification 

abilities using single synthetic exemplars of each phoneme. Identification training 

with feedback replicated the improved identifications of natural tokens that had been 

demonstrated in the results of Experiment 1, and showed moderate improvement in 

identification performances of the synthetic continuum of sounds. 
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Together, the results indicate that laboratory training using intact speech 

exemplars can efficiently enhance listeners' abilities to percieve a foreign speech 

contrast. The utility of this training has been shown using the simple presentation of 

prototypes and using the more sophisticated fading procedure. Evidence to suggest 

the superiority of the fading technique to train the voiceless/voiced "th" contrast is 

weak. However, the flexibility and sophistication of this technique may prove to be 

necessary in the training of speech contrasts which differ more dynamically, along 

multiple speech cue dimensions. 
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CHAPTER ONE 

Introduction 
The identification and discrimination of foreign language speech sounds often 

provides a major obstacle for students of a second language. Speech sounds or 

speech contrasts which are particular to the second language may be easily recognized 

and understocx:l by native speakers but may remain unidentifiable and highly 

confusable by language learners, especially in the early period of exposure to the 

language. While the ability to utilize the sounds of some foreign speech contrasts may 

develop with time, other contrasts may present difficulties even after extensive 

exposure to the language. In the case of francophone speakers learning English, the 

I e I - I I distinction provides a persistent perceptual difficulty; a difficulty which 

reflects the absence of both of these sounds in the French language. 

The present work addresses this problem with three specific objectives: 1) to 

develop and demonstrate an efficient technique to train second language learners to 

identify and discriminate foreign speech contrasts. This demonstration will use 

francophone listeners and the English/ e I - I I contrast. 2) to test the generality of 

the new technique under conditions where i) the speech sounds are produced by 

different voices, ii) speech sounds are produced in different word position contexts, 

and iii) one of the trained phonemes is contrasted with an untrained phoneme which 

shares common articulation characteristics. 3) to develop some aspects of the 

theoretical basis underlying the establishment of new perceptual categories for speech 

by comparing the relative efficiency of two training techniques. 

The work described here has only lately become possible as a result of recent 

developments in the field of speech perception research. This research has led to 

detailed accounts of the physical stimulus characteristics of speech sounds (see 



2 

Pickett, 1980, for an overview). For example, the specific frequencies at which 

spectral peaks occur in a vowel sound provide the most critical information 

distinguishing different vowels. Similarly a set of specific speech cues have also been 

found to critically distinguish different phonemes. These cues include the presence of 

voicing, spectral peak changes through time, plosive bursts, and voice-onset-timing 

characteristics. The careful manipulation of these stimulus characteristics through 

experimentation has recently provided considerable insight into the processes 

governing speech perception. 

The study of the categorical nature of speech perception is one such important 

investigation. When a listener hears someone speaking a familiar message, an 

important part of the perceptual process is to divide the wide range of possible speech 

stimuli into finite categories. Empirical study of such categorization has led to an 

understanding of some of the differing perceptual abilities employed by native and 

non-native listeners of a language. These differing perceptual abilities have been 

found to change as a function of listeners' maturation and through listeners' exposure 

to different languages. These changes indicate the existence of the flexibility 

necessary for the speech perceptual training during adulthood upon which this thesis 

capitalizes. 

Studies revealing the nature of the speech stimulus, the process of speech 

perception, and the flexibility of the human perceptual system, have all been 

necessary prerequisites to the attempt to develop an effective speech training 

technique. This work, which encourages attempts to enhance the speech perceptual 

system through training is discussed below. 

Categorical Perception 

Liberman, Harris, Hoffman and Griffith (1957) demonstrated with synthetic 

speech sounds that the acoustic factors distinguishing /beI/ (as in bait) from /dez/ (as 

in date) or /g er/ (as in gate) were contained in the changes in the trajectory through 
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Figure 1. An illustration of categorical perception of a synthetic speech continuum. 

Figure la (top) presents a schematic example of a synthetic speech continuum from 

"ba" to "ga". Figure lb (below) presents the typical categorical identification responses 

given by subjects toward the continuum of speech sounds. The figure is adapted from 

Liberman, et al. (1957), courtesy of Foss and Hakes (1978). 
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time of the peak frequencies of those sounds. Such major frequencies are referred to 

as formants. Figure la demonstrates how changes in such formant trajectories formed 

a continuum of sounds from /bl through /d/ to /g/ (stimulus 1 to 14). In the 

Liberman, et al. experiment, each stimulus contained a different second formant peak 

pattern and an identical first formant peak pattern. For the first stimulus, the second 

formant (F2) began at 1320 Hz and rose to a steady-state level of 2160 Hz within 

approximately 75 ms. For each subsequent stimulus the F2 onset was increased by 

120 Hz , yielding a set of stimuli which changed perceptually from a representation of 

/b/ (stimulus 1) through /d/ to /g/ (stimulus 14) in acoustically equal, 120 Hz interval 

steps. 

Liberman, et al. found that listeners could easily and reliably categorize each of 

the stimuli in this continuum of sounds (see Figure 1 b ). Furthermore, for a fixed 

acoustic difference between pairs of stimuli on the continuum, discrimination 

sensitivity was highest when the pairs straddled the category boundary as determined 

in the identification task. Such discriminability was demonstrably lower between 

stimuli lying within a phonemic category in spite of equivalent acoustic differences 

between all pairs of stimuli in the continuum. Liberman, et al. (1957) demonstrated 

that such a confirmation between identification and discrimination behavior provided 

evidence for a perceptual system which was differentially sensitive to incoming 

speech stimuli at certain critical points on the physical continuum. Such work also 

introduced the benefits inherent in the use of synthetic speech stimuli. Liberman, et 

al. 's approach allowed strict experimental control of complex speech sounds and 

provided quantifiable manipulations of the critical acoustic cues under investigation. 

Infant Speech Perception 

In an attempt to determine how early in life such "categorical perception" of 

speech began, Eimas, Siqueland, Jusczyk and Vigorito (1971) presented a continuum 

of speech sounds varying in voice-onset-time (VOT; a phonetic characteristic 



measuring the time interval separating the release of airflow from the onset of voicing 

in sounds such as ba, pa, da, ta, ga and ka) to infants one month and four months 

old. Stimuli formed a synthetic continuum from "ba" to "pa" and contained VOT 

values of -20 ms (where voicing precedes the burst by 20 ms), 0 ms (where voicing 

and the burst occur simultaneously), 20 ms, 40 ms, 60 ms, and 80 ms (where 

voicing follows the burst). The rate of stimulus presentation was contingent upon the 

rate at which an infant sucked on a passifier. Sucking rates initially rise and then 

eventually attenuate due to habituation, as the same sound is repeated. If a new sound 

is introduced at this point, many infants will increase their sucking rate provided this 

sound is perceptually distinct. Thus, if the sucking response increases only when the 

new sound is from a different adult English phonemic category, there is evidence that 

the inf ant discriminates speech sounds in a manner similar to adult perception. Four 

month olds showed such a parallel to adult perception. Changed responses were 

evidenced when the new stimulus was chosen from a different category ( e.g. when 

the VOT of the first stimulus was 20 ms and the VOT of the second stimulus was 40 

ms) but not when the stimulus was chosen from within the same phonemic category 

(e.g. where the VOT of second stimulus was Oms). Because synthetic stimuli were 

used in which acoustic factors were carefully controlled, it could be established that 

these results held even though the change in the stimulus represented the same degree 

of physical difference between the two speech sounds presented to the infant (i.e. 20 

ms) in both conditions. Thus, Eimas, et al. demonstrated that there was an enhanced 

sensitivity at the location of the speech category boundary early in life. Eimas (1974) 

further demonstrated that two- and three-month old infants showed similar 

discrimination capacities for place of articulation. 

5 

Lasky, Syrdal-Lasky and Klein (1975) have used a similar paradigm and 

similar stimuli to demonstrate that Spanish infants can discriminate a voice-onset-time 

distinction which is not phonemic to adult members of their own language group. 
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Spanish infants 4 to 6.5 months old were presented with speech contrasts differing in 

VOT by 40 ms. Infants showed alerting responses in their heart rates when 

contrasting sounds were taken from different English phonemic categories (i.e. VOT 

= 20 ms and VOT = 60 ms) even though no category boundary exists between these 

sounds in Spanish. Furthermore, these inf ants showed an absence of the ability to 

distinguish two sounds which did straddle the "ba"/"pa" category boundary in 

Spanish (i.e. VOT = -20 ms and VOT = 20 ms). Together, these findings suggest 

that certain speech-relevant sensitivities which are essential to the categorical 

perception of speech are based on auditory abilities which are either innate or acquired 

with little experience. 

Cross-Lan~ar:e Speech Perception 
Williams (1977) reported a study of the perception of voice-onset-time by three 

types of listeners: unilingual Anglophones, unilingual Spanish speakers and 

Spanish-English bilinguals. Williams used a stimulus set of 31 sounds ranging in 

VOT from -100 ms to +100 ms. Results showed that the "ba"/"pa" category 

boundary of unilingual English speakers in this continuum (mean = + 25 ms) was 

significantly different from that of Spanish unilinguals (mean= -4 ms). This finding 

confirmed similar language specificities for speech categories that Lisker and 

Abramson (1970) had earlier reported for these same two language groups. Williams 

further demonstrated that these language-specific values were also evident in bilingual 

listeners, but that bilinguals were not homogeneous in this regard (i.e. some were 

characteristically Spanish while others were characteristically English). Thus, 

research with adult listeners shows an influence of language environment on speech 

perception. Since the work of Eimas and others reviewed above, shows that some 

speech perception abilities are well developed at or shortly after birth, it remained to 

be established what abilities and flexibilities were present at different stages of 

maturation. 
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The Influence of Lan~a~e Environment 

Werker, Gilbert, Humphrey and Tees (1981) attempted to trace the changes in 

innate abilities as a function of language experience. Werker, et al. studied the 

abilities of seven month old infants, adult Anglophones and adult Hindi speakers to 

discriminate two pairs of contrasting phonemes which are native to the Hindi 

language. As expected on the basis of Eimas' work, infants were able to perform this 

task, while anglophone adults fell well short of the abilities demonstrated by native 

Hindi adults. Subsequently, Werker and Tees (1983) attempted to chart the rate of 

decline of this ability in anglophone children by testing the same Hindi 

discriminations in three groups of children: 4 year olds, 8 year olds and 12 year olds. 

Results demonstrated that the ability to discriminate these contrasts did not decline 

gradually, since children in all three groups were unable to accomplish the task. In a 

further study, Werker and Tees (1984) investigated this linguistic decline in a more 

detailed cross-section of ages using another foreign speech contrast taken from the 

Salish language. After demonstrating that English infants could out-perform 

anglophone adults in this discrimination task, Werker and Tees selected three groups 

of infants; aged 7-8 months, 8-10 months, and 10-12 months. These subjects 

demonstrated quite clearly that the ability to distinguish this new Salish contrast and 

one of the previous Hindi contrasts (only one was tested) was evident in most 6-9 

month old infants but was almost entirely absent in the 10-12 month old group. This 

result, according to Werker and Tees (1984), demonstrated a "perceptual 

reorganization during the first year of life" (p. 49). The authors speculated that such 

declines in speech sensitivity might be directly attributable to native speech acquisition 

which begins at about this same age. 

While it has become clear that infants possess well developed abilities for 

speech categorization, and that some of these abilities are lost unless supported within 

an appropriate language environment, there are several controversial, related issues. 



Among them are the potential for recovery of perceptual abilities lost during 

development, and the techniques for developing perceptual skills through 

experimental training later in life. 

The possibility that human speech perceptual development involves a simple 

decline in ability because of disuse is clearly false. As one example, Lasky, 

Syrdal-Lasky and Klein (1975) reported that infants not only possessed a 

voiced/prevoiced discrimination ability absent in Spanish adults, but that Spanish 

adults had developed a phonemic boundary between -20 and +20 ms of VOT which 

their infants did not have. Thus, early perceptual reorganization may be viewed as a 

plasticity in the perceptual system; in this instance, a plasticity demonstrated in a 

category boundary shift. 

Such a developmental shift in V OT boundary was demonstrated by Williams 

( 1979) in his study of 8 to 16 year old Spanish children who had been attending 

American English schools and who had been learning English intensively. Using a 

cross-sectional design to study the effect of length of children's exposure to the 

English school setting, Williams revealed that increased exposure to this setting 

prcxluced a shift of subjects' "ba"/"pa" category boundary point. Subjects also 

produced increased discrimination peaks at this English boundary point which was 

correlated with the length of time spent at the American schools. 
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Streeter and Landauer (1976) demonstrated that some phonemic flexibility is 

evident as late as the early teen years. They showed that Kikuyu-speaking children 

(mean age= 7.5 years) initially enrolled in an English school in Kenya displayed 

category identification skills for three VOT phonemic groups (prevoiced: VOT < O; 

voiced: VOT = O; voiceless: VOT > 0), but that each additional three years of 

exposure to the English setting produced an enhancement of their ability to 

distinguish the voiced/voiceless distinction (which is not phonemic in their language). 

Elman, Diehl and Buchwald (1977) demonstrated that bilingual subjects exhibit 
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the duality of perceptual switching when speech processing changes from one 

language to another. These authors reported that fluently bilingual Spanish/English 

speakers classified natural "ba" and "pa" tokens differently, depending on the 

language in which the precursor phrase "please write the word" was spoken. More 

"ba" responses were given for intermediate VOT tokens (VOT = +15, +19, and +26 

ms) following an instruction set presented in the language with the more inclusive /b/ 

category boundary (English) than in the language with the larger /p/ category 

(Spanish). Furthermore, the authors report that the magnitude of this effect was 

related to the degree of the subject's bilingualism. Other studies by Williams, (1977) 

and by Caramazza, Yeni-Komshian, Zurif, and Carbone, (1973) have failed to find 

such an effect of language perceptual set, however. Elman, et al. (1977) postulate that 

these failures can be explained by the use of improperly constructed synthetic stimuli 

and a substantial delay between the instruction set and the actual presentation of the 

stimuli in these studies. 

Even well accomplished foreign language perceptual abilities may carry 

persistent imperfections which question the degree to which skills acquired late in life 

are comparable to those which are acquired during normal development. For 

example, Flege and Hildebrand (1986) reported that native speakers of English differ 

from native speakers of Swedish or Finnish in their ability to integrate multiple cues 

to voicing in the syllable-final fricatives /s/ and /z/. For example, Finnish speakers 

who were experienced speakers of English and had lived for some time in an 

English-speaking country were unable to use a decrease in the duration of frication as 

a cue to voicing of the final fricative. As well, Florentine (1985) reported that 

listeners whose native language was other than English had particular difficulty 

perceiving English speech in noise, long after they had become fluent English 

speakers. 
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Trainin~ Speech Perception 

Many researchers have attempted to train listeners to perceive non-native 

sounds in a linguistically meaningful manner. Strange and Jenkins (1978) review 

much of the research before 1977. Many of the attempts to train new speech contrasts 

employed a discrimination task during training. Generally, these attempts were not 

able to establish linguistically relevant abilities even when discrimination improved. 

For example, Strange (1972) used a randomized, fixed step, oddity discrimination 

task. In this paradigm, a subject must determine which of three stimuli (i.e. number 

one, two, or three) is unlike the other two: the different stimulus is always separated 

from the other two by a fixed distance on the continuum). This procedure was used in 

an attempt to train a prevoiced/voiced VOT distinction which is phonemic in the Thai 

language (phonemic boundary= -40 ms VOT). Despite the use of feedback during a 

total of five hours of training per subject, no phonemically relevant improvement was 

found in the posttests of subjects' discrimination scores or in their identification 

functions. 

Edman (1980) reported success with discrimination training in attempts to 

boost subjects' sensitivities to intra-phonemic differences among synthetic stimuli on 

VOT continua and place of articulation continua. Edman used an AX, all-step 

discrimination paradigm. In this situation, a stimulus, denoted "A" is presented, 

followed by one denoted "X". The subject must report whether the "X" stimulus is 

the same or different from the "A" stimulus. Typically, all possible pairs of stimuli 

within the continuum are used. Edman observed both intra-phonemic sensitivity gains 

and consistent transfer of this training effect to intra-phonemic discrimination 

performances on non-trained continua. However, the effect of training on subjects' 

abilities to identify these sounds or to discriminate natural sounds was apparently 

untested. 

Strange and Dittman (1984) used an AX discrimination procedure with 



immediate feedback to train /r/ - N categorizations made by Japanese subjects. 

Training used a 10-point /r/ to N synthetic speech continuum using an all-step, fixed 

standard procedure with feedback. In this task, the second stimulus of the pair was 

either equal to the standard or was one of the other stimuli from the continuum 

(selected at random, without replacement during each block of trials). Standard 

stimuli were clear examples of /r/ or /1/ chosen from the region of the category 

boundary on the continuum. Despite 14 to 18 training sessions of approximately 250 

trials each, improvement in discrimination and identification functions were described 

by the authors as "slow and effortful", and training did not transfer to natural speech 

tokens. 

Lane and Moore (1962) used prototypes to recondition a /ti - Id/ voicing 

discrimination in an aphasic adult during a 15 minute training procedure. The 

prototype exemplars were presented in streams of stimuli which were initially highly 

repetitive: exemplars changed only once every ten stimuli. The task then developed to 

provide progressively greater rates of change throughout training. The subject finally 

received a few minutes of ABX discrimination training using these same exemplars. 

Posttests indicated an abrupt increase in the subject's categorical responses toward a 

synthetic "do" - "to" continuum. 

Pisoni, Aslin, Perey, and Hennessy (1982) attempted to train phonemic 

contrasts using identification training. Pisoni, et al. initially determined that English 

subjects could somewhat successfully use a three category identification set to label 

labial stops ranging in VOT from -70 ms to+ 70 ms (i.e. from a prevoiced "ba" to 

"pa"). ABX discrimination results showed a two-peaked function that corresponded 

to the phonetic boundaries commonly used by Thai subjects. More importantly, after 

a simple identification task with feedback where subjects were exposed to three 

stimuli typical of the centres of the three phonetic categories (VOT = -70, 0 and + 70 

ms), a post hoc selected group of half the original subjects was chosen for further 

1 1 



testing on the basis of their classification responses having achieved 85% accuracy. 

After a second short training session these subjects showed identification abilities 

which resembled those of native Thai speakers (on the synthetic continuum). These 

subjects had received less than 350 trials of training but were given feedback as to the 

identity of each trial. Transfer of training to natural stimuli was apparently not 

attempted. 

12 

McClaskey, Pisoni and Carrell (1983) also used exemplar identification 

training to extend Pisoni, et al.'s (1982) results. With English subjects, exemplars of 

prevoiced, voiced and voiceless stops were used to enhance a three-category 

classification of VOT continua synthesized on labial place-of-articulation (i.e. from 

"ba" to "pa") and alveolar place of articulation (i.e. from "da" to "ta"). As in the 

Pisoni, et al. study, a selected portion of the initial pool of subjects received 

identification training with feedback. Subjects were given fewer than 250 trials of 

training with one of the two VOT continua. Subsequently, identification performance 

was found to reflect a more categorical perception of the prevoiced category, 

replicating the previous study. Performance was also categorical for the second VOT 

continuum, which had not been trained. These studies demonstrate that prototype 

representations of the synthetic tokens that were used in training could be established , 

and that subjects could use these in their identification of stimuli from the continuum. 

Carney, Widin and Viemeister (1977) used an extensive training program (18 -

20 hours per subject) to heighten subjects general sensitivity to a 21 point VOT 

continuum. This was done through an AX discrimination task with feedback where 

the initial stimulus in each trial remained fixed (i.e. fixed standard) throughout a block 

of 40 trials. These fixed standards were strategically chosen to increase subjects' 

sensitivity in the region of the normal "ba"/"pa" category boundary, since they were 

drawn from near the boundary and were then compared to every other stimulus in the 

continuum during discrimination training. After this sensitivity was heightened, 



subjects were able to classify the continuum according to an arbitrary, -f/J/-50 VOT 

boundary which had been dictated by the experimenter and reinforced during training 

on a paradigm which consisted of identification with feedback. Thus, sensitivity 

training appears to allow subjects to know enough about the VOT dimension to use it 

in a nonlinguistic way (i.e. to set up new categories). 
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While the discrimination studies all showed some general improvements in 

subjects' discrimination abilities, these acquired sensitivities are not confined to the 

phonemically relevant points on the continua. As a consequence, this training has not 

been demonstrated to be phonemically effective. In fact, Samuel (1977) has provided 

evidence to suggest that this heightened sensitivity on linguistically inappropriate 

discrimination distinctions may actually be detrimental to the acquisition of new, 

distinct categories. Using an ABX paradigm with feedback and between 30 to 45 

hours of training per subject, Samuel demonstrated that while highly trained subjects 

developed typical inter-phonemic category peaks, they also showed troughs of 

discrimination ability in roughly the middle of each category range. Samuel 

hypothesized these continuum points indicated the presence of prototypical phoneme 

value locations. Samuel theorized that acoustic differences near the prototypical 

values are perceptually assimilated by the dominating prototype. If Samuel's view is 

correct, then the general heightening of discrimination sensitivity among subjects who 

are in the early stages of developing these prototype representations may be 

detrimental to the ability of subjects to form this defining percept. In simpler terms, 

when subjects are trained to discriminate allophones (different sounds of the same 

phonemic category) under the guise of phonemic contrast training, they may become 

perceptually confused. By this argument training paradigms are effective if they focus 

the listener's attention on the construction of distinct categories (i.e. identification), 

but not on the stimulus characteristics which distinguish allophones (i.e. 

discrimination). 



In Samuel's view, such prototypes are used to gauge the relative closeness of 

an incoming stimulus to these prototypes, presumably using decision rules such as 

those discussed by Jatnieson and Petrusic (1975). However, this explanation does 

not indicate how prototype training on one synthetic continuum could transfer to 

either natural speech tokens or to other synthetic continua. Thus, two imponant 

questions are raised: 1) Would the presentation of synthetically constructed 

prototypes be enough to teach listeners to identify new, naturally-produced stimuli? 

and 2) If the first question can be answered affirmatively, will subjects use their new 

prototypes when they are listening to natural speech? The relative utility of prototypes 

during category formation will be addressed in greater detail later in this work. 

14 

The current research was proposed partially as a test of the issue of adult 

perceptual flexibility for foreign speech contrast sensitivities. Francophone Canadians 

who learn English as a second language display strong characteristic accents in their 

productions of English which seem resistant to training. Among the common 

indications of this residual influence are the general substitution of It/ and /d/ 

phonemes for /6/ and/~/, respectively. Although studies of Canadian French are 

not plentiful (see the work of Caramazza, et al., 1973, on VOT cues, and Gottfried 

and Bedder's, 1984, study of temporal and spectral cues to the identification of 

vowels, however), it was hypothesized that the absence of both these sounds in the 

French language leads to an inability to perceive the difference between these sounds. 

Because they are perceptually indistinct, they are also poorly produced. The primary 

objective of this present work was to develop a perceptual training technique which 

would permit francophone Canadians to perceive this phonemic contrast in an 

(English) linguistically meaningful fashion. 

This thesis also attempted to develop an effective training paradigm for this 

purpose using the lessons provided from the literature reviewed above. It was felt that 

the training paradigm should initially teach the appropriate category prototypes, by 
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introducing stimuli which were typical of the linguistic categories to be learned. 

Second, it was felt that training should avoid developing irrelevant sensitivity, as 

appears to happen during discrimination training. Finally, it was hypothesized that the 

important step of teaching listeners to identify sounds in a manner which would 

transfer to natural tokens required "inoculating" them against irrelevant variations in 

the signal. In an attempt to combine the notion of prototype training with the use of 

variable signals, a paradigm was developed based on the fading technique used by 

Terrace (1963). This technique attempts to train a perceptual contrast, without subject 

errors, by beginning with clearly discriminable stimuli which may exaggerate the 

normal perceptual differences. During training the magnitude of the perceptual 

contrast between stimuli is reduced in small steps, so that the task never becomes 

difficult and errors do not occur. Using this technique, a high level of identification 

and discrimination performance can be attained in a short interval of time, without 

frustrating the subject. 

Applied to the present task of enhancing a speech discrimination, this technique 

has the virtues of satisfying the demands just described above. Terrace's technique 

involves identification with feedback, not discrimination training which might be 

detrimental to developing perceptual constructs. The technique also has the virtue of 

being a relatively pleasant task, which requires little intensive effort. Learning is 

acquired in gradual steps, at the listener's own pace, with changes introduced as the 

listener meets a series of predetermined performance criteria. Furthermore, the 

technique is time-efficient and it offers flexibility both as to the nature of the stimuli, 

and to the specific stimulus features which are varied. The successful application of 

this technique of course, requires appropriate decisions to be made about the details 

of the training stimuli to be used. These details were established in the course of pilot 

work described below. 
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Pilot Work -- Introduction 

The present experiment was designed on the assumption that subjects could 

learn to hear cues which distinguish novel speech sounds when these cues are 

presented in an appropriate sequence, within clearly contrasting exemplars. Training 

should focus on teaching subjects to use these cues in a manner which will be useful 

when listening to the more ambiguous stimuli which occur in natural speech. To this 

end, a continuum of seven stimuli was created which were designed to be clearly 

contrasting exemplars of /el and/~/, as in "!high" and "lhy", respectively. The 

endpoint stimuli of this continuum contained 150 ms of the appropriate (voiceless or 

voiced) frication to exaggerate the acoustic qualities distinguishing the two phonemes. 

Intermediate stimuli on the continuum contained a mixture of both voiceless and 

voiced fricative sounds, but varied in the duration of each type of frication. Stimulus 

2 began with 125 ms of voiceless frication followed by 25 ms of voiced frication. For 

subsequent stimuli, the duration of the initial voiceless frication decreased in 25 ms 

steps, while the duration of the subsequent voiced frication increased in 25 ms steps 

to maintain a constant 150 ms of total frication. The experimental design sought to 

assist subjects to distinguish the qualitative difference between voiced and voiceless 

frication, beginning with the very easy distinction between stimulus 1 and stimulus 7. 

Subsequently, subjects would be asked to listen for less clearly distinguished 

differences between stimuli more intermediate on the continuum --that is, the stimulus 

differences would be large initially, and then faded towards the more ambiguous 

stimuli. Using an identification task with feedback, it was hoped that subjects could 

develop an initial sensitivity to the cues which distinguished these sounds, then refine 

and maintain this sensitivity as the salience of the cues was gradually reduced in the 

stimuli from the more central portions of the continuum. 

Three tests were used to gauge the effect of training: 1) a test of subjects' 

abilities to identify the synthetic stimuli used in training; 2) a test of subjects' abilities 



to identify natural tokens of these same phonemes which were not presented during 

training; and 3) a test of subjects' abilities to distinguish between pairs of stimuli on 

the synthetic continuum in order to evaluate their sensitivity to the fricative cues 

represented in them. 

Pilot Work --- Method 

Stimuli 
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1. Synthetic Two basic sounds were synthesized, representing/ 0 /and/~/; 

these became stimuli 1 and 7 respectively, on a seven-step, voiceless to voiced 

continuum. The / e / sound was synthesized with formant center frequencies at 295, 

1290 and 2540 Hz, and source settings at AF= 50 and AH= 30. At the termination 

of th~ 150 ms of frication there was a voiced, 35 ms transition to a 165 ms,/ I\/ 

vowel which was synthesized using formant center frequencies of 620, 1220 and 

2550 Hz. This combination yielded a voiceless fricative stimulus with a total duration 

of 350 ms. The voiced,/ ~/sound began with a fricative noise generated at formant 

center frequencies of 295, 1290 and 2540 Hz using source generator settings of AV = 

30, AS = 45 and AF = 30. 

Stimulus 2 began with 125 ms of voiceless frication followed by 25 ms of 

voiced frication. For subsequent sounds, voiceless frication decreased in duration 

while voiced frication increased, to maintain a total duration of 150 ms for each 

stimulus. Thus, stimulus 3 began with 100 ms of voiceless frication followed by 50 

ms of voiced frication; and stimulus 6 began with 25 ms of voiceless frication 

followed by 125 ms of voiced frication. The transition and vowel components of all 

stimuli were precisely as described for stimulus! (i.e. the voiceless sound). All 

synthetic sounds were synthesized in cascade at a 10 kHz sample rate, using Klatt's 

(1980) cascade/parallel speech synthesizer (Kewley-Port, 1980) implemented on a 

Digital Equipment Corporation Vax 11n30 computer system. Figure 2 presents 



Figure 2. Spectrograms of the synthetic speech stimuli used for training in the Pilot 
Study. Stimulus 1 (lower left) contains only voiceless frication; stimulus 7 (lower right) 

contains only voiced frication. Stimuli 2 through 6 (top row) contain a continuum of 
sounds made up of both voiceless and voiced frication. Spectrograms are turned 90 

degrees on the page. 

18 



19 

Table 1 

Temporal Peremeters Of The Synthetic Stimuli Used 
For Trei ni ng In The Pilot Study 

Stimulus Voiceless Voiced Transition 
Number Fri cet ion Fri cet ion And Vowel 

150 0 200 
2 125 25 200 
3 100 50 200 
4 75 75 200 
5 50 100 200 
6 25 125 200 
7 0 150 200 

Note. A 11 ti mes ere given in mi 11 i seconds. 
Tote l du re ti on e q u el s 3 5 O ms for e 11 st i mu 1 i. 



spectrograms of these stimuli. Time parameters of these sounds are presented in 

Table 1. 

2. Natural Tokens Natural speech tokens were recorded in a double-walled, 

IAC sound-attenuating chamber using an AKO C451 EB condenser microphone and 

a Revox B710 MkII recorder. Sixteen tokens were selected from a larger number of 

stimuli produced by the same speaker, to ensure a substantial range of frication 

durations. The natural sounds were low-pass filtered at 4800 Hz and digitized at 10 

kHz using a 12- bit, analog to digital converter of a VAX.11n30 computer. For 

testing, all stimuli were output from disk, using a 12-bit digital to analog converter, 

low pass filtered at 4800 Hz, amplified (Crown D-7 5) and presented to subjects 

individually in an IAC sound-attenuating chamber over AKO 240 headphones. All 

tokens were consistently identified by three Canadian Anglophones and each was 

judged to be a good exemplar of that particular fricative category, by those listeners. 

Figure 3 presents spectrograms of these stimuli. Time parameters of these natural 

sounds are presented in Table 2. 

Subjects 

Six francophone subjects were selected from the University of Calgary's 1985 

Summer School of English. All subjects resided in the province of Quebec and all 

declared French to be their mother tongue. Three male and three female subjects 

between the ages of 16 and 19 participated. All subjects who were initially asked to 

participate were told that they would be needed for two hours at a pay rate of $3.50 

per hour and that they might be required for an additional two hours at the same rate 

of pay. 

Procedure 

All subjects participated for four sessions held on four different days. On Day 

1, all subjects received a pretest consisting of an identification test followed by a 

discrimination test. On Days 2 and 3, subjects received two training sessions. A 
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Figure 3. Spectrograms of the 16 natural speech tokens used in Pilot Study. Figure 3A 
displays the eight voiceless /0/ tokens, ordered from left to right, top to bottom, by the 
frequency with which they were correctly identified in the Pretest. Figure 3B displays 
the eight voiced /J/ tokens ordered from right to left, bottom to top, by the frequency 
with which they were correctly identified. (i.e. Stimuli 1 and 16 were most correctly 

identified voiceless and voiced stimuli, respectively.) Spectrograms are turned 90 
degrees on the page. 
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Figure 3 (continued). 
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Teble 2 

Temporal Peremeters Of The Neturel Stimuli Used In 

The Pilot Study 

Stimulus Voiceless Stimulus Voiced 
Number Fri cet ion Vowel Number Fri cet ion Vowel 

76 15 1 9 155 243 
2 45 172 10 1 1 7 228 
3 71 148 1 1 19 218 
4 29 214 12 187 242 
5 31 214 13 72 261 
6 30 254 14 136 266 
7 5 152 15 87 194 
8 22 221 16 104 160 

Note. All times ere given in milliseconds. 



posttest of the same form as the pretest was given to subjects on Day 4. All subjects 

continued to participate in their English immersion course throughout the experiment. 

All testing and training occurred within a 21 day period. Pretests were completed 

during the first week of this period. The first training session was completed between 

the fifth and tenth days, while the second training session was completed between the 

eighth and twelfth days. Posttesting occurred between the eleventh and twenty-first 

days. At least 24 hours separated any two sessions for a subject. 

Pretestin~. The pretest was comprised of an identification test and a 

discrimination test. In the identification test, subjects were presented with a 

randomized sequence of the 23 stimulus tokens (seven synthetic sounds and 16 

natural sounds). Following each presentation, subjects indicated whether the sound 

was voiceless or voiced by pressing either one microswitch labelled "teeth" (for 

voiceless) or another marked ".the" (for voiced). During the session, each of the 23 

stimuli was presented twelve times -- three times in each of four blocks of 69 trials. 

Within blocks, items were presented in a completely randomized order. The entire 

identification sequence required approximately 20 minutes. 
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For the discrimination test, subjects were told that pairs of the computer sounds 

would be presented. Subjects were encouraged to listen for very small differences 

between the stimulus pairs and to respond "same" only if the stimuli were exactly the 

same. Responses of "same" or "different" were made by pressing microswitches 

labelled"=" or ":;t:" for each stimulus pair presented. Thirteen stimulus pairs were 

used: seven identical pairs (each of the seven stimuli from the synthetic continuum, 

presented twice in succession) and six different pairs ( each of the stimuli 1 to 6, 

followed by the next stimulus in the sequence (i.e., the next most voiced), producing 

pairs 1-2, 2-3, 3-4, 4-5, 5-6, and 6-7). 

During the session, each of the 13 stimulus pairs was presented 12 times for 

discrimination-- three times in each of four blocks of 39 trials. Within blocks, pairs 



were presented in a completely randomized order. Stimuli within a pair were 

separated by an 850 ms stimulus onset asynchrony. The entire discrimination task 

required approximately 15 mins, and followed the identification task, described 

above. 

25 

Testing was preceded by English verbal instructions as to how subjects were to 

make their responses. Differences in language competence introduced some 

variability in the extent to which the task was explained to subjects, beyond the 

standard instructions. However, the task did not proceed until the experimenter was 

satisfied that each subject understood the experiment and the task required. 

Identification trainin~. Identification training consisted of a series of trials in 

which one synthetic token was presented, after which the subject was required to 

identify the stimulus as voiceless or voiced by pressing one of two microswitches 

labeled "tee.th" and ".the", respectively. Feedback was then provided to subjects 

through the immediate illumination of a small red light whenever a correct response 

was made. 

A series of seven training tasks was used, each consisting of a sequence of 

identification trials grouped into blocks of 20 trials. The seven tasks formed a 

sequence for a modified fading technique for perceptual training (cf., Terrace, 1963), 

beginning with the relatively easy task of identifying the most extreme stimuli of the 

continuum (i.e., stimuli 1 and 7), in the first task. Subsequent tasks became more 

difficult as more medial stimuli from the continuum were intrcxiuced into the 

identification set. Thus, the number of stimuli presented in each tape increased from 

the two most extreme stimuli ( 1 and 7) to a maximum set of six sounds. The stimuli 

used in each test and the number of presentations of each stimulus per block of 20 is 

presented in Table 3. 

The stimuli presented on each tape were randomized within the 20-trial blocks 

in unequal proportions, so that at least 50% of the trials were drawn from the two 
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Table 3 

Number Of Ti mes Each Stimulus Was Presented In The 
Pilot Study During Eech Bl eek Of Twenty Training Tri a 1 s 

Stimulus 
Task 2 3 4 5 6 7 

1 10 - - - 10 
2 6 8 - - - - 6 
3 6 8 6 
4 5 5 - 5 5 
5 3 3 8 3 3 
6 3 3 - - 8 3 3 
7 2 3 5 - 5 3 2 



most medial stimuli present (see Table 3). Each task was presented to a subject for at 

least 3 blocks of trials; subjects advanced to the next more difficult tape when they 

completed three consecutive blocks of a tape (i.e., 60 trials) with not more than one 

error per block. When the subjects had completed all tasks, the procedure was 

repeated, with the same seven tasks presented against a background of 'cafeteria 

noise'~ This noise was recorded on tape and mixed during stimulus presentation. 

Subjects reported that they realized the noise contained human voices, but that they 

were unable to hear any message. Where noise was used, the presentation level was 

57 dB SPL. All training stimuli were presented binaurally to subjects at a level of 70 

dB SPL. 

Training continued for approximately 45 mins in the first session and 

concluded the next session after approximately 45 mins. None of the subjects 

mastered all 14 training tasks in the 90 minutes provided. 

Post-testin~. Identification and discrimination posttesting was completed 

during the last session using procedures identical to those used during pretesting. 

Pilot Work --- Results and Discussion 

Identification Tasks 

The natural token identification test was initially scored in terms of the 

proportion of correct identifications subjects made with each stimulus. In order to 

obtain measures of sensitivity which were free of response bias, identification 

responses were converted to A' scores. The A' statistic which is derived from signal 

detection theory provides a measure of sensitivity while talcing into account the 

possibility of response bias (cf., McNicol, 1972). The conversion to A' was 

performed using each subject's Hit rate with a given stimulus, in combination with 

that subject's overall error rate on all stimuli of the opposite type (e.g. , "voiced" 

responses with voiceless stimuli) as the False Alarm rate. A 2 X 16 repeated 
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measures analysis of variance tested the difference between A' scores obtained before 

and after training. Performance was found to be unchanged over time F (1,5) = 0.18 , 

p >.05. The difference in subjects' performance among the 16 stimuli was found to 

be significantly different F (15,75) = 2.32 p <.05, but there was no interaction 

between these factors, F (15,75) = 0.78, p > .05. 
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The identification of synthetic stimuli could not be treated in an A' analysis 

since the mixed construction of the stimuli meant that they could not be objectively 

categorized into the two phonemic groups/ e I and/~/. Scores were arbitrarily 

represented as the percentage of times subjects labeled each stimulus as voiceless. 

Since the hypothesis under investigation in this test was that identification would 

become more categorical after training, simple dependent t -tests were used to 

examine pretest-to-posttest changes for each stimulus on the continuum. None of the 

seven dependent t-tests was significant at the .05 level (maximum It (5)1 = 1.90, p > 

.05), despite a very lax, compound alpha risk of .30. Furthermore, an examination of 

individual subjects revealed an interesting variability among subjects concerning the 

degree to which training enhanced their categorical function in the posttest. Figure 4 

displays pretest and posttest identification functions for each subject, ordered 

according to the degree of improvement evidenced. These figures contrast the nearly 
' 

unchanged performance of subjects "M" and "J" with the very clearly categorical 

performance gained by subject "G". Such a beneficial effect for subject "G" suggests 

that some aspect of training had been retained in his case while other subjects failed to 

receive the benefits of training so clearly realized by "G". 

Discrimination Test 

Discrimination test results were converted to A' values using the proportion of 

correctly identified differences (i.e. "different" responses) for different stimulus pairs 

as the Hit Rate for that pair, and the proportion of incorrectly identified differences 

for pairs of the first stimulus repeated, as its False Alarm rate. The mean A' value for 
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Figure 4. Identification scores for each synthetic stimulus by each subject in the Pilot 
Experiment. Each panel presents pretest and posttest identification scores for a single 
subject, separately for each of the seven synthetic stimuli. Subjects are arranged from 
upper left to lower right, by the degree of improvement in performance from pretest to 

posttest. 
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Figure 5. Discrimination performance for each of the six pairs of different stimuli, 
during the pretest and the posttest. Each data point represents the mean A' score, 

averaged across six listeners in the Pilot Study. 
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each continuum pair in both pretests and posttests is presented in Figure 5. The 

question of which pair of stimuli represents the phonemic category boundary in a 

continuum which was designed by mixing fricative noises in each sound is perhaps 

open to interpretation. For the purpose of this analysis, it was hypothesized that an 

enhanced "inter-category" sensitivity would be reflected in a general increase in A' for 

stimulus pairs across the continuum. To test this hypothesis, A' scores were 

submitted to a 2 X 6 analysis of variance. Scores were not found to differ with time 

of test F ( 1,5) = 3.26, p > 10. Performance across continuum points was also found 

to be invariant F (5,25) = 1.84, p >.10, as was the interaction between stimulus pair 

position and time of test F (5,25) = 1.89, p > .10. As a further investigation, post 

hoc t-tests were performed on each stimulus pair to determine whether training-had 

selectively enhanced sensitivity at any point, or set of points, in the continuum. Only 

one test (at stimulus pair 3-4) achieved significance t (5) = 2.91, .05 > p > .01. The 

finding of only one point of difference with training despite a compound alpha risk of 

.26 forces the conclusion that sensitivity did not increase as a consequence of 

training. 

While pilot work failed to train listeners as hoped, the patterns of change in 

synthetic identification scores, along with anecdotal information gained from subjects 

between sessions, lead to the development of the training task employed in the thesis 

proper. Subjects generally reported that the initial sounds were informative but that as 

training progressed (toward the medial positions of the continuum) the sounds were 

less convincing examples of speech, and were generally confusing. Confirmation that 

the synthetic stimulus set was not providing an adequate application of Terraces' 

fading technique appeared from the degree of difficulty experienced by subjects 

during training. Terrace (1963) had found his technique to work best when training 

was essentially errorless; Terrace's animal subjects had gained sensitivity 

automatically, without frustration or effort. In contrast to this, not one of the six 



subjects in the pilot study was able to proceed to the second (noise) phase of training 

during the first 45 minutes of training, even though the first of the seven tasks was 

easily completed within five minutes, thus reflecting the presence of many errors in 

the later tasks. Several situations occurred where subjects required more than ten 

blocks of trials within a task in order to reach criterion. Finally, the pattern of change 

exhibited in the synthetic identification tasks could be interpreted as being indicative 

of a training task which was entirely too difficult. 

As a consequence, the decision was made to change the nature of the training 

stimuli to deal with their perceived unnaturalness, and with the perceptual difficulties 

that this presented. One possibility was to train listeners with frication noise alone. 

However, there is apparently no advantage to training with speech-like sounds or 

acoustic speech cues in isolation from their acoustic context. 
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For example, Miyawaki, Strange, Verbrugge, Liberman, Jenkins and Fujimura 

(197 5) tested the abilities of Japanese and American subjects to discriminate between 

isolated third formant differences in the English /r/ - /1/ distinction ( the /r/ - /1/ 

distinction is not used in Japanese). Neither group perceived enough information to 

divide the sounds categorically in a discrimination task. The English-speaking 

Americans were able to categorize these same stimuli when they were accompanied 

by invariant first and second formants but the Japanese subjects could not. Thus, 

even this invariant acoustic information was proven to be essential for the sounds to 

be perceived as speech. 

A similar failure was reported by Jusczyk, Smith and Murphy (1981) who 

presented subjects with complete, truncated 30 ms pieces of consonant-vowel stimuli 

(using /b/ and /d/ consonants), and similarly truncated "chirps" which contained only 

the first and second formants of the sounds. Subjects were able to classify the full 

"chirps" into categories as successfully as subjects who were given the entire CV 

stimulus to classify. The isolated formant information could not be so utilized 



however. 

Werker and Tees (1984b) confirmed the need for the integrity of speech 

information as they attempted to direct subjects' attention to "water drop" sounds 

taken from the burst and initial formant transitions of a pair of glottal velar and uvular 

stops (/ki/ and /qi/) from the Thompson language. They found that subjects with this 

acoustic perceptual set (i.e. to hear "water drops") did not categorize the full 

Thompson sounds more successfully than when they were given an irrelevant 

(English) perceptual set. 

On the basis of the results of the pilot study, together with the experimental 

evidence reviewed above, it was decided that the next experiment should avoid the 

use of training stimuli containing portions of the two contrasting frication sounds 

within the same stimulus token. 
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CHAPTER1WO 

Experiment 1 --- Introduction 

For the present experiment, an eight point continuum was constructed, using 

the same endpoints as had been used in the pilot study. In the new continuum the 

intermediate stimuli contained progressively more difficult items toward the medial 

stimuli (4 and 5) but "unnatural" combinations of sounds were not used. The stimuli 

within each half of the continuum were designed to vary only the duration of frication 

contained in each sound. This type of variability was chosen for two reasons: First, 

since the two frication sounds would be more easily distinguished if contrasting 

exemplars contained exaggerated amounts of frication few errors would occur during 

initial training. Second, each additional stimulus would be qualitatively similar to one 

of the endpoint stimuli while being slightly more difficult to identify due to the 

quantitative difference in the "frication" cue. Third, duration is a dimension which 

commonly varies for naturally produced "th" sounds, and which listeners must 

therefore learn to deal with. 

The experiment reported below used these newly constructed synthetic stimuli 

in an attempt to train the/ e I - I I contrast using a fading technique. 

Method 

Stimuli 

Twenty-four consonant-vowel syllables (CVs) were used in the experiment. 

Sixteen were the same natural tokens used in the pilot study, while the other eight 

stimuli were synthesized using methods and equipment identical to those described 

for the pilot study. The four voiceless, le-A/, CVs were modeled after stimulus 1 in 

the previous continuum, using identical parameters. The four stimuli differed in the 
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duration of frication, decreasing from 140 ms to 35 ms of frication in 35 ms steps, 

for stimuli 1 to 4, respectively (see Table 4 ). At the termination of frication there was 

a voiced, 35 ms transition to a 17 5 ms, //\/ vowel. This combination yielded voiced 

fricative stimuli with total durations of 350 ms, 315 ms, 280 ms, and 245 ms, 

respectively, for stimuli numbered 1, 2, 3, and 4. 

35 

The voiced fricatives, / /, were modelled after stimulus 7 used in the pilot 

continuum, in that formant center frequencies and source settings were identical. All 

other aspects of these four stimuli, including frication durations, were identical to 

those of the voiceless half of the continuum, yielding durations of 245 ms, 280 ms, 

315 ms and 350 ms for the voiced stimuli (stimuli numbered 5-8 respectively). Figure 

6 presents spectrographs of these changed, synthetic training stimuli. Appendix A 

presents the specific parameters for stimuli 1 and 8. 

All stimulus sounds were low-pass filtered at 4800 Hz and digitized at 10 kHz 

using a 12-bit analog to digital converter on a VAX 11n30 computer, and stored on 

disk. Stimuli were output in the desired orders, low pass filtered at 4800 Hz, 

amplified (Crown D-75), and recorded on the tapes used in the experiment. Stimulus 

tapes were produced on a Revox B710 Mkil recorder using Maxell XLII tapes. 

Background "cafeteria" noise was recorded on a separate channel and mixed during 

the production of test tapes. The cafeteria noise was included in the background 

during the presentation all of pretest and posttest stimuli. This measure was 

introduced in order to add a greater degree of ecological validity to the dependent 

measures of training. This noise background partially ensured that any beneficial 

effect of training could not be one confined to the ideal laooratory listening setting. 

Where noise was used, the noise level was 57 dB SPL. All stimuli were presented 

binaurally to subjects at a level of 70 dB SPL, using a Sony TC PB5 playback system 

to drive AKG 240 headphones. 
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Table 4 

Temporal Parameters Of The Synthetic Stimuli Used For 
Trei ni ng In Experiment 1 

Stimulus 
Number 

Voiceless Voiced Trensi ti on Tatel Stimulus 

2 
3 
4 
5 
6 
7 
8 

Fri cet ion 

140 
105 
70 
35 
0 
0 
0 
0 

Fri cet ion And Vowel 

0 210 
0 210 
0 210 
0 210 
35 210 
70 210 
105 210 
140 210 

Note . A 11 ti mes ere given in mi 11 i seconds. 

Duret ion 

350 
315 
280 
245 
245 
280 
315 
350 

Ref er to Appendix A for detei ls of stimuli peremeters . 



Figure 6. Spectrograms of the synthetic stimuli used for training in Experiment 1. 
Waveforms for the four voiceless stimuli, displayed in the top row, show the systematic 

reduction in the duration of voiceless frication from Stimulus 1 to Stimulus 4. 
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Waveforms for the four voiced stimuli, displayed in the second row, show the reduction 
in the duration of voiced frication from Stimulus 8 to Stimulus 5, respectively. Thus, the 

bottom-left portion of the figure displays a spectrogram of the strongly voiceless 
fricative, Stimulus 1, and the bottom-right portion of the figure displays a spectrogram 

of voiced fricative, Stimulus 8. Spectrograms are turned 90 degrees on the page. 
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Subjects 
Twenty Canadian francophone subjects were selected from approximately 180 

students participating in the Queen's University Summer School of English. All met 

the following criteria: ( 1) they scored below the school's 50th percentile ( <7 4) on the 

English Placement Test (English Language lnstitute,1972); (2) they declared French 

to be their mother tongue; (3) they held current residency in the province of Quebec. 

Ten male and ten female subjects, aged 18 to 32, participated. 

All subjects were initially asked to participate for two hours at a pay rate of 

$3.50 per hour. Pre-testing was completed during the first hour, after which the 20 

students were matched into ten pairs of subjects, on the basis of their error rates in 

identifying the natural tokens of the voiced and voiceless stimuli. Students assigned 

to the treatment group were then asked whether they would participate for a total of 

four hours (i.e., for an additional two hours) at the same rate of pay. In no case did a 

subject refuse this offer. Only at this point was any subject informed of the study's 

objective of examining language learning. 

Procedure 

In the first session of testing all subjects received a pretest consisting of an 

identification test followed by a discrimination test. Subjects were ordered by their 

scores on this pretest and then assigned to the control or training group, in random 

alternation, to form two groups with equivalent natural identification pretest scores. 

On four subsequent days, subjects in the training group received two training 

sessions followed by a posttest of the same form as the pretest. Control group 

subjects received the pretest and posttest, using identical procedures and stimulus 

tapes, at intervals equivalent to their trained, matched counterpart, but they received 

no experimental training. As in the pilot study, all subjects continued to participate in 

their English immersion course throughout the experiment. All testing and training 

occurred within a twenty day period. Control subjects were never posttested more 



than one school day before their matched, trained counterpart, and they were 

normally posttested one or more days after their counterpart. Pretests were completed 

between day one and day four. The two training sessions were completed from days 

seven to ten, and days nine to thirteen, respectively. Posttesting took place between 

days eleven and twenty. At least 24 hours separated any two sessions for a subject. 

Pretestin~. The pretest was comprised of an identification task and a 

discrimination test which were almost identical to those used in the pilot study. In the 

identification test, subjects were presented with 24 stimulus tokens (eight synthetic 

sounds and 16 natural sounds). Following each presentation, subjects indicated 

whether the sound was voiced or unvoiced by circling the word "the" (for voiced) or 

the word "teeth" (for unvoiced) on a test answer sheet During each of the pretest and 

posttest sessions, each of the 24 stimuli was presented twelve times --- randomized 

similarly to those of the pilot study and presented at a rate of one every 4 seconds. 

The entire identification sequence required approximately 25 minutes. Subjects were 

tested in a quiet room, either individually or in pairs. 

The discrimination test followed the procedure described for the pilot study 

with the exception that fifteen pairs of sounds were used (each of the eight synthetic 

stimuli presented twice in succession, and the seven different, one-step stimulus 

pairs). Pairs of stimuli were recorded on tape at a rate of one pair every six seconds. 

Stimuli within a pair were separated by an 850 ms stimulus onset asynchrony. The 

entire discrimination test required approximately 20 mins, and followed the 

identification test, described above. 

Testing instructions were identical to those used in the pilot study except that 

subjects were made aware that cafeteria noise would be present throughout testing. 

Identification trainin~. As in the pilot study, identification training consisted 

of a series of trials in which one synthetic token was presented, after which the 

subject was required to identify the stimulus by pressing one of two microswitches 
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labeled "teeth" and "the", for voiceless and voiced stimuli respectively. Feedback 

was then provided to subjects through the immediate illumination of a small white 

light situated 7 cm above the response buttons whenever an incorrect response was 

made. 

A series of twelve training tapes were used, each consisting of a sequence of 

identification trials blocked and randomized similarly to the technique used 

previously, with stimuli presented once every 4 seconds within a block. The twelve 

tapes formed a sequence for a modified fading technique for perceptual training as the 

seven tasks did in the previous training system. Thus, the number of stimuli 

presented in each tape increased from the two most extreme stimuli (numbers 1 and 8) 

to the entire set of eight sounds over the first 10 tapes. These training tapes contained 

the synthesized stimuli alone, without the cafeteria noise background distraction. The 

cafeteria noise background was introduced in Tapes 11 and 12 with 4 stimuli 

(numbers 1, 2, 7, and 8) and 6 stimuli (i.e., numbers 1, 2, 3, 6, 7, and 8), 

respectively. A detailed account of the stimuli used and the number of presentations 

of each per block, for all tasks, is presented in Table 5. 
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Training continued for approximately 45 mins on Day 2 and concluded on Day 

3 when all 12 tapes had been mastered (after approximately 45 min). Only one of the 

ten subjects failed to reach criterion before the end of the second session. This subject 

was therefore the only one to receive the full 90 mins of training. 

Posttesting. Identification and discrimination posttesting was completed on 

Day 4. Posttesting used a different tape, with different randomization sequences, for 

both identification and discrimination tests. Other aspects of the procedure were 

identical to those used during pretesting. 
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Table 5 

Number Of Ti mes Each Stimulus Was Presented 
In Experiment 1 During Each Bl eek Of Twenty Training Tri a 1 s 

Stimulus 
Task 2 3 4 5 6 7 8 

1 10 10 
2 6 8 - 6 
3 6 - 8 6 
4 5 5 - - 5 5 
5 3 3 8 - 3 3 
6 3 3 - 8 3 3 
7 2 3 5 5 3 2 
8 2 2 2 8 - 2 2 2 
9 2 2 2 - 8 2 2 2 

10 1 2 2 5 5 2 2 1 
1 1 8 5 5 - - 5 5 
128 2 3 5 5 3 2 

Note. 8 denotes tasks where noise was included. 



Results and Discussion 

Separate analyses were performed in turn for the identification test with the 

synthetic and natural stimuli, respectively, and for the discrimination test. The results 

of these analyses are discussed in sequence below. 

Identification of Synthesized Tokens, 

Identification data were first analyzed by calculating the proportion of correct 

identification responses given by each listener with each stimulus in each condition. 

Table 6 summarizes these data, separately for the pretest and posttest measures, for 

the control and training groups. As the entries in Table 6 show, subjects in both 

groups displayed a strong bias for "voiced" responses in their pretest responses. Post 

hoc tests confirmed that voiced stimuli were identified more accurately than voiceless 

stimuli (F (1,72) = 16.22, p <.01; and F (1,72) = 56.49 p <.01, for the trained and 

the control groups, respectively). 

To allow changes in sensitivity to be measured independently of such biases, 

identification responses were converted to A' scores, using each subject's Hit rate 

with a given stimulus, in combination with that subject's overall error rate on all 

stimuli of the opposite type (e.g., "voiced" responses with voiceless stimuli) as the 

False Alarm rate. Figure 7 compares the improvement prcxluced by training, with the 

nonsignificant improvement in identification accuracy found with control subjects, 

separately for each of the eight synthetic tokens. 

A' scores for the control and trained groups were submitted to separate 2 x 8 

repeated measures analyses of variance to determine whether pretest and posttest 

scores differed for the eight synthetic stimuli. For the trained group, the ANOV A 

confirmed that posttest scores were higher than pretest scores (F (1,9) = 32.00, p 

<.01). Stimuli did not differ in overall identifiability, F (7,63) = .44, p >.05, and 

there was no interaction between stimulus and time of test F (7,63) = .17, p >.05. 

For the control group, the ANOVA confirmed that posttest scores did not differ from 

42 



43 

Table 6 

Proportion Of Ti mes Eech Synthetic Stimulus Wes Correctly 
Identified In Experiment 1 As A Function Of 

Trei ni ng Condition And Ti me Of Test 

Token 

Group Test 2 3 4 5 6 7 8 

Control Pre .45 .33 .40 .41 .83 .81 .80 .78 
Post .51 .43 .37 .38 .89 .89 .85 .87 

Trei n ed -Pre .48 .49 .49 .52 .71 .78 .72 .77 
Post .96 .97 .86 .83 .88 .97 .94 .97 
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Figure 7. Effects of training on identification scores for each of the synthetic speech 
tokens in Experiment 1. Each point represents the mean of ten A' difference scores 
(posttest A' score minus the corresponding pretest A' score), collapsed across all 

listeners within each group. 



pretest scores F (1,9) = 1.47,p >.05 that no significant identifiability variance 

existed among stimuli F (7,63) = .70, p >.05 and stimuli did not interact with time of 

testF (7,63) = .60,12 >.05. Post hoc, Newman-Keuls tests confirmed a significant 

improvement in performance with each stimulus for subjects in the trained group ( p 

< .05 ). For subjects in the control group, post hoc tests revealed that performance 

did not improve from pretest to posttest for any stimulus (p < .05). 

Identification of Natural Tokens. 

As Table 7 shows, the 16 individual tokens of the natural stimulus set covered 

a substantial range of identifiability for the francophone listeners in both groups. 

Identification scores were converted to A' scores to control for the effects of response 

bias prior to statistical analysis. Figure 8 compares the improvement produced by 

training with the nonsignificant improvement in identification accuracy found with 

control subjects, separately for each of the sixteen natural tokens. Stimuli in Figure 8 

are arranged by difficulty, with stimuli towards the extreme left (voiceless sounds) 

and extreme right (voiced sounds) being those which were best identified during 

pretesting, and those toward the center being least well identified. 

A' scores were submitted to separate 2 X 16 repeated measures analyses of 

variance for each group to determine whether pretest and posttest scores differed for 

the 16 natural stimulus tokens. ANOV A confirmed that A' increased after training (F 

(1,9) = 8.44,p < .05). Individual tokens differed significantly in their identifiability 

(F (15,135) = 2.37, p < .05) and in the amount by which identification performance 

improved (F (15,135) = 2.82,p < .05). 

Pretest and posttest identification scores did not differ for control subjects (F 

(1,9) = .74, p > .05). Control subjects showed different performance across stimuli 

(F (15,135) = 3.59, p < .05), but there was no interaction between stimuli and time 

of test (F (15,135) = .87, p > .05). Post hoc tests confirmed a significant 

improvement in the identification of some individual stimulus tokens by subjects in 
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Table 7 

Proportion of Times Each Natural Stimulus Wes Correctly Identified 
In Experiment 1, As A Function Of Treining Condition And Time Of Test 

Token 

Group Test 2 3 4 5 6 7 8 9 10 1 1 1 2 1 3 14 1 5 1 6 

Contra 1 Pre .77 .70 .73 .53 .46 .50 .43 .34 .68 .70 .75 .74 .79 .82 .80 .80 
Post .87 .83 .83 .64 .66 .56 .52 .42 .76 .78 .57 .77 .83 .80 .81 .82 

Trained Pre .76 .82 .74 .70 .58 .48 .48 .36 .73 .75 .72 .73 .70 .75 .82 .83 
Post .89 .83 .87 .79 .74 .68 .59 .48 .89 .83 .58 .92 .93 .88 .88 .92 
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Figure 8. Effects of training on identification scores for each of the natural speech 
tokens in Experiment 1. Each point represents the mean of ten A' difference scores 
(posttest A' score minus the corresponding pretest A' score), collapsed across all 

listeners within each group. Stimuli are ordered as in Figure 3 and Table 7. Error bars 
indicate one standard error around the mean. 



the trained group (Newman-Keuls tests yielded p < .05 for Stimuli 6, 8, 9, 12 and 

13. For subjects in the control group however, performance did not improve 

significantly from pretest to posttest for any stimulus, according to Newman-Keuls 

tests. 

An examination of Figure 3 reveals that the stimuli within each of the two 

phonetic categories contain natural variations in both the amount of frication contained 

in each token and in their vowel duration. In general, the natural voiced tokens were 

longer than the natural voiceless tokens (see Table 2). However, training had 

enhanced the identifiability of both voiced and voiceless sounds consistently, 

regardless of duration. In sum, training with synthetic sounds improved identification 

performances with a variety of natural speech tokens as well as with the synthetic 

stimuli. 

Discrimination of Synthesized Tokens. 
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A' scores were calculated for each subject for each pair of stimulus tokens 

using the proportion of correct ("different") responses with a different stimulus pair 

as the Hit rate, and the proportion of "different" responses when the first stimulus of 

that pair was repeated, as the False Alarm rate. Figure 9 displays the mean A' values 

for each of the seven pairs of different stimuli, for the pretests and posttests. Note 

that stimuli 1 to 4 (hence pairs 1-2, 2-3, 3-4) are all voiceless stimuli, with decreasing 

durations of the voiceless frication, respectively, while stimuli 5 to 8 (hence pairs 

5-6, 6-7, 7-8) are all voiced stimuli with increasing durations of the voiced frication , 

respectively. The pair 4-5, on the other hand, contains the stimulus with the least 

amount of voiceless frication (4), in combination with the stimulus with the least 

voiced frication (5). 

We tested the hypothesis that training would increase linguistically-relevant 

discrimination by comparing the pretest and posttest A' values for each stimulus pair. 

Since only the stimulus pair 4-5 contained stimuli of different phonemic groups, an 
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Figure 9. Effects of training on discrimination scores for each of the of the seven 
pairs of different synthetic stimuli. Each point represents the mean of ten A' scores, 

averaged across all listeners in the trained group (top panel) or the control group (lower 
panel). 



enhanced inter-phonemic discriminability would be demonstrated if subjects increased 

their sensitivity to this contrast only. A one-tailed, dependent t -test showed that the 

A' score increased after training (t (9) = 2.43, p <.02 for the pair 4-5). No other 

discrimination score, for either group, showed a significant increase from the pretest 

to the posttest, according to post hoc, two-tailed t -tests, even when a very liberal 

alpha risk (.05) and compound alpha risk (.49) was set. Thus, training was effective 

in improving performance on the most difficult discrimination between voiced and 

voiceless fricatives (i.e., the discrimination between stimulus 5 -- the voiced token 

having the least amount of voiced frication -- and stimulus 4 -- the voiceless token 

having the least amount of voiceless frication). However, no similar change occurred 

for the control group. Importantly, training did not change within-category 

discrimination. 1 Since accurate speech perception requires subjects to make accurate 

discriminations between phonemes on the basis of minimal cues, while failing to 

discriminate between allophones on the basis of other (even large) non-phonemic 

acoustic differences, this result demonstrates that the training task was successful in 

improving discrimination in a linguistically meaningful fashion. 

Discussion 
Generally, the results of this study are encouraging for attempts to develop a 

system for training adult listeners to identify and discriminate non-native speech 

sounds. Just 90 minutes of practice in identifying synthetic speech tokens from a 

structured continuum improved the inter-category discrimination identification of both 

synthetic and natural speech sounds, while leaving intra-category discriminations 

unchanged. Ecological validation of these findings was also obtained since training 

transferred strongly to the identification of natural tokens which had not been trained. 

The improvement shown in natural tokens is especially encouraging because many 

previous attempts have failed to achieve such transfer. This result therefore 
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significantly extends the previous demonstrations that certain non-native VOT 

identifications can be trained. 

The preceding analysis encourages the notion that non-native contrasts can be 

trained efficiently. Performance with the synthetic continuum shows that listeners 

were both able to categorize sounds in a linguistically meaningful fashion, and to 

discriminate sounds from different categories. 

Moreover, because English contains many common words with an initial 

voiced "th" sound to which even the most elementary exposure to English would 

familiarize listeners (i.e. they, this, there, their, that, then, the), brief training might 

simply have alerted the francophone listeners to the less familiar voiceless "th" sound 

and increased its identifiability for them. This would have occurred at the expense of 

subjects' performance on the voiced sounds, if training served only to correct a 

response bias favouring these voiced sounds. Although this clearly did not occur in 

either group of subjects, untrained subjects showed some gains in their identification 

of voiceless stimuli and no change in their perceptio~ of the voiced sounds. This 

suggests that the simple experience of taking the pretest may have intrcxiuced subjects 

to voiceless sounds and increased their identifiability slightly. 

However, since these synthetic speech sounds were also used in the training, 

it is of somewhat greater interest to ask whether training generalized to natural speech 

sounds. In fact, as Table 7 illustrates, identification of natural sounds improved for 

both voiced and voiceless sounds after training. The pattern of improvement with 

natural tokens parallels the improvement in synthetic identifications indicating that 

changes were not the result of response bias --- that is, training did not merely 

improve the identification of the (less familiar) voiceless category. 

In the posttrained condition, performance on the synthetic tokens identification 

task indicates a relevant qualitative aspect to the synthetic continuum. While the end 

points of the continuum which contained long frication durations were learned nearly 
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perfectly, the medial stimuli were not identified perfectly after training. Thus, despite 

the ability of nine of the subjects to complete training, the training tasks did demand 

the subjects' attention throughout the later sessions, since the stimuli which were 

entered into the task towards the end of training were, in fact, difficult for listeners. 

The task never became so difficult as to frustrate the subjects however, since all 

stimuli were identified with few errors and all sounds were well learned by the end of 

training. Thus, training was acquired relatively effortlessly; a claim which is also 

supported by listeners comments volunteered during training. Rarely did any subject 

require more than three blocks of trials to reach criterion. In fact, training in this study 

was characterized by subjects who committed fewer than ten errors in the complete 

training program and who even reported that they tended to day-dream and "doze off" 

during training. 

It should also be noted that the control group showed remarkable consistency 

over time, particularly with the synthetic stimuli. This result clearly indicates that the 

performance increases found with trained listeners were not due to artifacts such as an 

improved ability to deal with factors such as the noise background or the other 

experimental conditions in the posttest. The lack of improvement demonstrated by 

control subjects in both synthetic and natural identification tests also argues against 

the notion that trained subjects may have benefitted from their concurrent participation 

in the English Immersion Program. 

The success of the fading technique with the current le! - I~/ stimulus 

continuum encouraged further study to examine the breadth of applicability of this 

technique. The experiment of Chapter 3 was designed to determine whether training 

using this perceptual fading technique (with the stimuli of Experiment 1), would 

transfer to improve listeners' perception of the voiceless/voiced "th" phonemic 

distinction in a variety of untrained contexts. To this end, the next experiment 

investigated the effect of such training on identification performance on three 



conditions: 1) When the phonemes were produced with different voices, 2) when the 

phonemes occurred in medial and final word position, and 3) when the voiced 

fricative/~/ was to be distinguished from the dental voiced plosive stop /d/. 
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CHAPTER TIIREE 

Experiment 2 --- Introduction 

Since it was concluded that laboratory training of this speech contrast can be 

successful using the fading technique, the next experiment was conducted to establish 

the generality of this training. The experiment attempted to determine under which 

conditions listeners' performance with natural variations of/ e I and/ , / would 

improve, following training under the conditions described in Experiment 1 (i.e. 

when fricative duration was used as a source of intra-phonemic variability within a 

fading task). That experiment used training stimuli which were synthesized to sound 

like a male voice speaking the initial position fricatives / e I or / /, followed by a 

neutral vowel (/I\/) to form isolated CV speech tokens. Training was shown to 

transfer successfully to natural, initial-position fricatives followed by neutral vowels 

in isolated CV speech tokens spoken by a male. Experiment 2 used the training 

technique introduced in Experiment 1 to address three questions: 

1) To what extent does training generalize across other voices? Individual 

voices contain speech characteristics unique to each individual. By testing subjects' 

perception of different voices of both sexes, the extent to which training must be 

planned to help listeners overcome this type of naturally occurring variability can be 

determined. 

2) To what extent does training transfer to other word positions (i.e. 

word-medial and word-final positions)? The articulatory gestures necessary to 

produce "th" in the middle or end of a word vary, depending on the actual word 

context. However it is hypothesized that some acoustic constancy existing among all 

examples of a phoneme may allow subjects to recognize these sounds regardless of 

context. 
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3) To what extent will training on a particular contrast, such as/ e / -/ / 
improve listeners' abilities to distinguish the phonemes used in training from other 

phonemes (and specifically from phonemes existing in their first language)? To this 

end the present experiment attempted to determine whether training affects subjects' 

abilities to distinguish a voiced fricative/ ~/ sound from the voiced burst /d/ sound. 

Method 

Three tests were constructed to investigate each of the current hypotheses in 

turn. All tests included natural speech tokens which were produced in a manner 

similar to that described for the previous experiments. 

1) The Voices Test 

The training stimuli used successfully in Experiment 1 were modelled on the 

parameters of the same male voice which generated the natural tokens used as test 

stimuli. Generally, the acoustic qualities of a natural voice form a more complex 

signal than a synthesized voice, regardless of how closely the programable 

parameters of the synthesizer are selected. The question of whether the benefits of 

training with a particular speech sound will transfer to voices which are based on 

different formant characteristics was the focus of this test. Particularly interesting is 

the question of possible transfer to female voices as they tend to have higher 

fundamental frequency characteristics (i.e. higher pitch). The Voices Test addressed 

these questions by testing subjects' identifications of naturally produced CV s as 

spoken by four different adult speakers, with the fricative/ e I or I I followed by the 

vowel/~/. 

2) The Positions Test 

Knowledge of the extent to which training in one word position context 

generalizes to the perception of the phoneme in any other context is essential to the 

development of a complete training procedure. The Positions Test investigated an 
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aspect of this issue by testing whether listeners could identify the phonemes / e I and 

I I occurring in medial or final position minimal word pairs, following training in 

initial position. 

3) The TH/D Test, 

In order for a newly acquired phonemic contrast to be effectively utilized, it 

must necessarily be incorporated into the larger system of the subject's complete 

phoneme set. The effect of training a new contrast on the listener's perceptual 

representation of pre-existing phonemes is an important aspect of this process. The 

TH/D Test sought to determine the extent to which newly-defined phonemes would 

be perceptually distinct from acoustically similar phonemes which already exist in the 

listeners' first language. 
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Canadian Francophones learning English commonly confuse alveolar-dental 

plosive phonemes for the corresponding "th" sounds in English (i.e. It/ is confused 

with / e I and /d/ with / /). The TH/D Test was used to investigate the nature of this 

confusability before and after/ e I - I I training. A single male speaker provided 

natural tokens contrasting / / and /d/ in initial word position for presentation during 

the test. In an attempt to analyze the specific effect of training, four/~ -A/ stimuli 

resembling the voiced side of the synthetic training continuum were also presented for 

identification along with four synthetic /d -/\/ sounds. 

Stimuli 

Natural speech tokens were recorded in a double-walled, IAC sound attenuated 

chamber using an AKO EB condenser microphone and a Revox B710 Mkll recorder. 

Stimuli were selected from a large number of tokens to ensure a range of variation in 

the duration of frication and/or in the speed of their pronunciation. Different speakers 

were selected to be recognizably different in voice quality. As in previous 

experiments, the natural sounds were low-pass filtered at 4800 Hz and digitized at 10 

kHz using a 12-bit ADC on a VAX 11n30 computer, and stored on disk. Stimuli 



were output in the desired orders, low pass filtered at 4800 Hz, amplified (Crown 

D-7 5), and recorded on the tapes used in the experiment. Where cafeteria noise was 

used, it was also produced, mixed and played back using the methods described 

previously. Three stimulus sets were used. 

1, Voices Test Set Thirty-two consonant-vowel syllables (CVs) were used. 
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Eight stimuli were those used as the training continuum in Experiment 1. 

Twenty-four were natural tokens2, consisting of four sets of six tokens, each spoken 

by a native English speaker ( two males and two females); each speaker produced 

three voiceless CVs (/e-N) and three voiced CVs (/~·A/). The temporal parameters 

of these natural stimuli are presented in Table 8. All stimuli were presented at 70 dB 

SPL against a background of cafeteria noise at 57 dB SPL. 

2, Positions Test Set This test used 20 natural tokens consisting of full words 

produced by a male speaker (the same speaker used in Experiment 1). Five minimal 

pairs were used. Three of these contrasted the voiceless/voiced "th" distinction in the 

final position. They were "mouth" - "mouTH" (Im a ue/ - lrn ;J. v »I), "sheath" -

"sheathe" (If i: e / - / / i: ~/), and "loath" - "loathe" (/Ia ve/ - Ii av~/). Two minimal 

pairs contrasted the distinction in the medial position. They were "ether" - "either" 

(Ii: e -a'l - / i: el), and "dathing" - "daTHing" (/da e; / - /d Q i ~/).Two pairs of each 

of the five contrasts were used, producing a total of 20 stimulus tokens. Stimuli were 

selected from tokens produced by the speakers to emphasize the "th" phoneme while 

holding other characteristics as constant as possible. In order to minimize vowel 

differences, both "mouth" and "mouTH" were produced with the typical "mouth" 

vowel pronunciation (/«vi). For the medial position, a fictitious pair of words was 

selected in order to hold vowel and word ending constant within a simple bi-syllabic 

word. The pair "<lathing" - "daTHing" was chosen using the vowel pronunciation !"eel 

as in "dab". All stimuli were presented with a cafeteria noise background. 
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Table 8 

Temporal Parameters Of The Natural Stimuli Used In 
The Voices Test 

Female Voices Male Voices 

Stimulus Voi eel ess Stimulus Voi eel ess 
Number Frication Vowel Number Frication Vowel 

45 216 13 77 241 
2 85 210 14 40 226 
3 64 2 1 1 15 45 258 
4 51 168 16 31 164 
5 34 190 17 62 156 
6 36 215 18 63 153 

Stimulus Voiced Stimulus Voiced 
Number Fr-i cation Vowel Number Frication Vowel 

7 95 218 19 40 240 
8 50 208 20 53 270 
9 79 185 21 1 1 6 265 
10 60 266 22 25 189 
1 1 20 254 23 48 192 
12 18 212 24 54 186 

Note. A 11 ti mes are given in milliseconds. 



3. TH/D Test Set A total of 24 stimuli were produced which contrasted the /'d / - /d/ 

phonemic distinction. Sixteen stimuli were natural productions from a single male 

voice, comprising five "the" (/!A/) sounds, five "duh" (/ o{ A I) sounds, three "they" 

(/ e 1 /) tokens and three "day" (/Jez/) tokens. The remaining eight stimuli formed a 

synthetic / / to / d I continuum of sounds. Stimuli in the/ / half of this 

continuum (stimuli 1 to 4) were synthesized using frication segments similar to those 

used in the "voiced" portion of the synthetic continuum of Experiment 1. Stimuli 1 to 

4 contained 140, 105, 70, and 35 ms of voiced frication, respectively, followed by a 

200 ms / '1 / vowel. 

The four/ cl I stimuli began with a plosive burst sound generated at formant 

center frequencies of 200, 1600 and 2600 Hz using maximum source generator 

settings of AV=30; AS=70, AH=50 and AF=40. Immediately following the burst, 

there was a variable-length transition to a/ A I vowel. The length of both the transition 

and the steady state vowel was varied to create the continuum of sounds. The clearest 

"duh" sound (stimulus 8) contained a 20-msec transition leading into a 180 ms 

vowel. This yielded a total stimulus duration (with the burst duration) of 215 ms. 

(Exact parameters are presented in Appendix B.) Stimuli 7, 6, and 5 contained 

progressively greater lengths of transition ( 40 ms, 60 ms and 80 ms of transitions, 

respectively), creating the perceptual effect of a less distinct burst toward the middle 

of the continuum, while still preserving the voicedness at the beginning of the sound. 

The length of the steady state vowels decreased from stimulus 8 to stimulus 5, from 

180 ms to 120 ms in 20 ms steps, in order to accommodate the lengthened transition 

and to preserve the total stimulus length at a constant 215 ms. 

Subjects 

Twenty-four Canadian francophone subjects were selected from the students 

participating in the Queen's University's 1986 Summer School of English. All 

students declared French to be their mother tongue and all held current residency in 
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the province of Quebec. Twelve male and twelve female subjects, aged 18 to 23, 

participated. Eighteen of these subjects were drawn from the same lower half of the 

summer school class structure that had been drawn from in the previous summer. 

All subjects were initially asked to participate for five one-hour sessions at a 

pay rate of $4.00 per hour. "Pre-testing" was completed on the second session. 

Following this, the 24 students were matched into twelve pairs of subjects, on the 

basis of their error rates in identifying the natural tokens of the voiced and voiceless 

stimuli in the Voices Test. Students assigned to the treatment group were then asked 

whether they would participate for a total of six hours (i.e., for an additional hour) at 

the same rate of pay. No subject refused this offer. Only at this point was any subject 

informed of the study's objective of examining language learning. 

Procedure 

During the first two test sessions, all subjects completed pretests consisting of 

a) The Voices Test to measure their perceptual abilities toward "th" sounds spoken by 

different voices, b) The Positions Test to measure their sensitivities toward "th" 

stimuli in medial and final word positions, and c) The THJD Test to measure their 

abilities to distinguish /d/ from/~/. On the first day of testing, all subjects completed 

the Voices Test which required approximately 40 minutes. Subjects were ranked by 

their scores on this pretest and then assigned to groups by approximately random 

alternation, to equate the control and training groups for initial ability. Small 

deviations from random alteration were allowed in order to balance the numbers of 

males and females in the two groups. 

In the second session, subjects completed the Positions Test which required 

approximately 25 minutes, and then completed the TH/D Test which required 

approximately 20 minutes. Subjects in the training group then received two training 

sessions identical in structure to those described for Experiment 1. Training was 

followed by two posttest sessions during which they again completed a), b) and c). 
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Control group subjects received the pretests and posttests using identical 

procedures and stimulus tapes, at intervals equivalent to their trained, matched 

counterpart. However, control subjects received no such training, but instead 

participated in a one-session, psycho-linguistic study in this intervening time interval. 

This test required subjects a) to judge the identity of front-truncated natural 

productions of /bA/ and/pl\/ stimuli, and b) to identify a series of synthetically 

produced /d /\/ to /t N continua. These tasks were used in order to keep control 

subjects somewhat active during the training interval, and specifically, to give them 

additional practice in listening to both natural and synthetic speech in the laooratory 

atmosphere, without training them on the specific contrast of interest. In this way, a 

potential criticism that training effects may be due partly to increased familiarity with 

the laboratory setting and to practice in listening to synthetic speech can be evaluated. 

All subjects continued to participate in their English immersion course 

throughout the experiment. All testing and training occurred within a nineteen day 

period. The first pretest sessions were completed in the first four days. The second 

took place between the fourth and sixth days. The two training sessions were 

completed from the seventh day to the tenth day, and ninth day to the thirteenth day, 

respectively. The 'treatment' session for the control group was conducted 

concurrently with training, between the seventh and twelfth day. The two posttesting 

sessions took place from the thirteenth day to the seventeenth day, and the fourteenth 

day to the nineteenth day, respectively. At least 24 hours separated any two sessions 

for a subject. 

Stimuli in all tests were presented binaurally to subjects at 70 dB SPL. Where 

cafeteria noise was used, it was presented at a level of 57 dB SPL. Playback 

equipment and listening environment were as described for Experiment 1. 

Pretestinfi, In all three pretests, subjects were presented with a randomized 

sequence of the stimulus tokens. Following each presentation, subjects indicated 
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whether the sound was voiceless or voiced in the first two tests by circling "THREE" 

(to indicate a voiceless response) or "THE" (to indicate a voiced response). In the 

TH/D Test, subjects responded by circling 'D' for Id/ and 'THE' for the/ / 

phoneme. During each test, each of the stimuli was presented twelve times -- three 

times in each of four blocks of completely randomized trials. Within blocks, items 

were presented at a rate of one every 4 seconds, with 10 second rest periods between 

every 20 stimuli. Subjects were tested in a quiet room, either individually or in pairs. 
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Instructions for each test were presented verbally just prior to that test. In the 

Voices Test, instructions were identical to those of the identification test in 

Experiment 1. Subjects were told to circle the appropriate word to indicate their 

responses to the / e / and / / stimuli they heard. They were told that a cafeteria 

noise distraction would persist throughout the test, that it would last for 

approximately 40 minutes and that the stimuli would vary in difficulty. Subjects were 

told that the stimuli would consist of a variety of voices; the sounds sometimes 

produced from a male voice, sometimes from a female voice and sometimes from a 

computer voice. They were also told that the experimenter would stop the tape about 

halfway through the test to offer the subject a short break. Breaks never exceeded five 

minutes in duration. 

For the Positions Test, subjects were told that the sounds were full words 

containing / e I or I I in the middle or end of the word. They were told that all 

sounds were produced by a male voice and that a cafeteria noise background would 

be present. 

Prior to the TH/D Test, subjects were told that they would hear "the", "duh" , 

"they" or "day" sounds produced by a human male voice or a computer voice. They 

were also told that no computer noise would be present. 

Trainin~. Identification training followed the procedure for Experiment 1, 

except that response switches were labeled "THREE" and "THE" instead of 



"TEETH" and "THE". All twelve trained subjects completed training. Duration of 

training varied between approximately 65 and 80 minutes in total, between the two 

sessions. 

Posttestin~. Posttesting was conducted using procedures which were identical 

to those used during pretesting. 

Results and Discussion 
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As in previous studies, natural and synthetic stimuli were analyzed separately 

in the results of the Voices Test and the TH/D Test. The analyses for the Voices Test, 

the Positions Test and the TH/D Test will be presented and discussed in sequence. All 

analyses were based on pretest-posttest comparisons for the twelve subjects within 

each group. 

Voices Test --- Identification of Synthesized Tokens, 

The proportion of correct identification responses given by each listener within 

each stimulus in each condition is summarized in Table 9. As the entries in Table 9 

show, subjects in both trained and control groups displayed a strong bias for 

"voiced" responses in their pretest responses, as subjects had in Experiment 1. Post 

hoc tests confirmed that voiced stimuli were identified more accurately than voiceless 

stimuli (F (1,11) = 8.01, p < .01; and F (1,11) = 8.66 p < .01, for the trained and 

the control groups, respectively). 

Identification responses were again converted to A' scores using the method 

described on page 42 for Experiment 1. Figure 10 compares the improvement 

produced by training for each of the eight synthetic tokens, with the nonsignificant 

improvement in identification accuracy found with control subjects. 

A' scores for the control and trained groups were submitted to separate 2 x 8 

repeated measures analyses of variance to determine whether pretest and posttest 

scores differed for the eight synthetic stimuli. For the trained group, the ANOV A 
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Tebl e 9 

Proportion Of Ti mes Eech Synthetic Stimulus Wes Correct 1 y 
Identified In The Voices Test, As A Function Of 

Trei ni ng Condition And Ti me Of Test 

Token 

Group Test 2 3 4 5 6 7 8 

Control Pre .53 .40 .36 .28 .74 .69 .74 .76 
Post .38 .30 .22 .22 .83 .83 .79 .78 

Trei n ed Pre .60 .47 .39 .27 .80 .81 .78 .72 
Post .93 .92 .77 .58 .88 .94 .95 .94 
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Figure 10. Effects of training on identification scores for each of the synthetic speech 
tokens used in the Voices Test. Each point represents the mean of twelve A' difference 

scores, collapsed across all listeners within each group. 



confirmed that posttest scores were higher than pretest scores (F ( 1, 11) = 39 .11, p < 

.01). Stimuli differed in overall identifiability, F (7,77) = 9.26, p < .05, and there 

was an interaction between stimulus and time of test F (7,77) = 3.02, p < .05. For 

the control group, the ANOV A confirmed that posttest scores did not differ from 

pretest scores F ( 1, 11) = .11, p > .05. A significant identifiability variance existed 

among stimuli for control subjects F (7 ,77) = 3.92, p < .05 but this factor did not 

interact with time of test F (7,77) = 1.17,p > .05. Post hoc tests confirmed a 

significant improvement in performance with each stimulus for subjects in the trained 

group (Newman-Keuls tests confirm p < .05 for all stimuli). For subjects in the 

control group, performance did not improve from pretest to posttest for any stimulus, 

according to Newman-Keuls tests (p > .05). 

Voices Test --- Identification of Natural Tokens, 

As Table 10 shows, the 24 individual tokens of the natural stimulus set covered 

a substantial range of identifiability for the francophone listeners in both groups. 

Generally, the female voices (stimuli 1 - 12) appeared to be better identified than the 

male voices (stimuli _13 - 24) but no apparent bias toward voiceless or voiced stimuli 

is displayed either in the female voice condition (stimuli 1 - 6 vs. 7 - 12, respectively) 

or in the male voices (stimuli 13 - 18 vs 19 - 24, respectively). 

Identification scores were converted to A' scores using the procedure outlined 

on page 27 for the pilot study. Figure 11 compares the improvement produced by 

training, with the nonsignificant improvement in identification accuracy found with 

control subjects, separately for each of the 24 natural tokens. In Figure 11 the six 

female voiceless tokens are grouped together as stimuli 1 to 6, the six female voiced 

tokens are grouped together as stimuli 7 to 12, the six male voiceless sounds are 

grouped as stimuli 13 to 18, and the six male voiced tokens are grouped as stimuli 19 

to 24. Within each category, the first three tokens in both category types were always 

spoken by the same speaker, and the last three were always spoken by the other 
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Teble 10 

Proportion Of Ti mes Eech Natural Token Was Correctly I dent i fi ed 
In The Voices Test, As A Function Of Training Condition 

And Time Of Test 

Token {Femele Voices} 

Voi eel ess Voiced 

Group Test 2 3 4 5 6 7 8 9 10 1 1 1 2 

Control Pre .85 .86 .81 .86 .81 .72 .78 .82 .76 .67 .74 .69 
Post .76 .81 .79 .75 .75 .75 .85 .87 .82 .82 .70 .78 

Trei ned Pre .72 .83 .81 .83 .76 .77 .90 .88 .75 .73 .77 .78 
Post .87 .93 .96 .99 ' .91 .90 .97 .94 .83 .92 .74 .85 

Token {Mele Voices} 

Voiceless Voiced 
Group Test 13 14 15 16 17 18 19 20 21 22 23 24 

Control Pre .37 .SO .63 .68 .74 .81 .83 .90 .83 .53 .38 .42 
Post .37 .51 .67 .69 .74 .76 .86 .90 .77 .53 .31 .34 

Trei ned Pre .45 .54 .57 .68 .72 .72 .88 .92 .75 .62 .34 .47 
Post .57 .85 .85 .86 .92 . 91 .97 .97 .90 .58 .22 .27 
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Figure 11 . Effects of training on identification scores for each of the natural speech 
tokens used in the Voices Test. Each point represents the mean of twelve A' difference 
scores, collapsed across all listeners within each group. Stimuli are ordered as in Table 
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speaker of the same sex. 

A' scores were submitted to separate 2 x 16 repeated measures analyses of 

variance for each group, to determine whether pretest and posttest scores differed for 

the 24 natural stimulus tokens. ANOV A confirmed that A' increased after training (F 

(1,11) = 18.58, p < .05 ). Individual tokens did differ in their identifiability, F 

(23,253) = 9.20, p < .05. However, stimuli did not differ in the amount by which 

performance improved (F (23,253) = 1.04, p > .05). 

Pretest and posttest identification scores did not differ for control subjects, F 

(1,11) = .30, p > .05. Control subjects showed different performance across stimuli 

(F (23,253) = 7.57, p < .05), however there was no interaction between stimuli and 

time of test, F (23,253) = 1.29, p > .05. 

Post hoc tests confirmed a significant improvement in performance among 

trained subjects for few stimuli individually. Newman-Keuls post hoc tests confirm 

this increase for only two stimuli (10 and 14). However, the conservative nature of 

this test is significant in this result, since the F ratio for the main effect of time-of-test 

was substantial (F = 18.58), and individual stimuli were consistent in the increment 

of their scores (as demonstrated by the lack of interaction of this improvement across 

stimuli). Thus, it seems safe to conclude that the small sample size used in this 

experiment (n = 12) provided insufficient power to demonstrate a sensitive measure 

of the differences existing among this large number of means. For subjects in the 

control group, performance did not improve from pretest to posttest for any stimulus 

(p > .05), according to Newman-Keuls tests. 

Positions Test ---Identification of Natural Tokens, 

Table 11 displays the identification scores of the individual tokens of the 

natural stimulus set in the Positions Test. Stimuli are arranged by word type within 

the first ten stimuli which are voiceless and the last ten which are voiced. The first ten 

are made up of pairs of examples of the words "dathing", "ether" , "sheath", "mouth" 
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Teble 1 1 

Proportion Of Times Eech Neturel Token Wes Correctly Identified 
In The Posit i ans Test, As A Function Of Trei ni ng Condition 

And Time Of Test 

Voiceless Tokens 
Medi el Fi nel 

Group Test 2 3 4 5 6 7 8 9 1 0 

Control Pre .65 .60 .44 .42 .57 .59 .92 .85 .78 .76 
Post .76 .74 .48 .44 .72 .73 .97 .92 .90 .88 

Trei ned Pre .77 .78 .53 .53 .55 .53 .83 .84 .80 .76 
Post .87 .85 .49 .54 .79 .82 .90 .83 .95 .93 

Voiced Tokens 
Medi e 1 Finel 

Group Test 1 1 12 13 14 15 16 1 7 18 19 20 

Control Pre .77 .76 .89 .82 .63 .60 .41 .23 .54 .41 
Post .84 .88 .92 .94 .66 .61 .65 .26 .49 .26 

Trei ned Pre .62 .65 .78 .72 .58 .60 .33 .31 .49 .28 
Post .50 .58 .88 .86 .53 .56 .40 .33 .33 .12 
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Figure 12. Effects of training on identification scores for each of the natural speech 
tokens used in the Positions Test. Each point represents the mean of twelve A' 

difference scores, collapsed across all listeners within each group. Stimuli are ordered 
as in Table 11. 



and "loath", in this order. Stimuli 11 to 20 consists of pairs of examples of the 

minimal pair voiced counterpart of these words, arranged in the same order. Stimuli 

with medial position "th" sounds are situated in stimulus positions 1 to 4 (voiceless) 

and 11 to 14 (voiced). All other stimuli are final-position "th" words. Identification 

scores were converted to A' scores using the proportion of correct identifications of a 

stimulus as its Hit Rate and the proportion of incorrect responses toward the two 

tokens of the contrasting word from its minimal pair as the False Alarm Rate. This 

procedure was used in order to measure subjects' sensitivities toward the phonemic 

contrast independent of the response bias that subjects appeared to display within 

specific word pairs. (For example, Table 11 shows that subjects identified stimuli 7 

and 8 (mouth) very accurately, but a correspondingly poor identification performance 

toward the voiced word of the pair (stimuli 17 and 18) reveals that much of this effect 

is the result of bias.) Figure 12, which displays the mean A' values of both groups, 

for each of the twenty natural stimuli, clearly shows the nonsignificant change 

produced among trained subjects and among control subjects. 

A' scores were submitted to separate 2 x 20 repeated measures analyses of 

variance for each group, to determine the extent of the change between pretest and 

posttest scores for the 20 natural tokens. ANOVA found no significant A' increase 

after training (F (1,11) = 3.20 p > .05 ). Individual tokens did differ significantly in 

their identifiability, F (19,209) = 3.35 p < .05. However, stimuli did not differ in 

the amount by which performance improved (F (19,209) = 1.51, p > .05). 

Pretest and posttest identification scores did not differ for control subjects, F 

(1,11) = 3.21, p > .05. Control subjects showed different performance across stimuli 

(F (19,209) = 1.74, p < .05), however, there was no interaction between stimuli and 

time of test, F (19,209) = 1.03, p > .05. 

Post hoc tests confirmed a lack of significant improvement in the performance 

of the individual stimuli for lx>th trained and control groups (p > .05). 
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TH/D Test --- Identification of Natural Tokens, 
Table 12 displays the identification scores for the 16 natural tokens in the 

TH/D Test Stimuli are arranged such that the first eight stimuli contain the "th" 

carrier sounds and the last eight contain the "d" carrier sounds. Within the "th" 

stimuli, the first five stimuli (1 to 5) consist of the sound "the" while the remaining 

three (stimuli 6 to 8) contain the word "they". In the /d/ side of the series the pattern is 

reversed (i.e. stimuli 9 to 11 contain "day" sounds while stimuli 12 to 16 are "duh" 

sounds). 

Identification scores were again converted to A' scores to control for the effects 

of response bias as described on page 27 for the pilot study. Figure 13 compares the 

nonsignificant change produced by training with the nonsignificant change in 

identification accuracy found with control subjects, separately for each of the sixteen 

natural tokens. 

A' scores were submitted to separate 2 x 16 repeated measures analyses of 

variance for each group, to test the effect of time of test. ANOV A revealed no A' 

increase after training (F (1, 11) = 2.88, p > .05 ). Individual tokens did differ 

significantly in their identifiability, F (15,165) = 5.85, p < .05. However, stimuli did 

not differ in the amount by which performance changed (F (15,165) = 1.37, p > 

.05). 

Pretest and posttest identification scores did not differ for control subjects, F 

(1,11) = .34, p > .05. Control subjects showed different performance across stimuli 

(F (15,165) = 11.23, p < .05), and there was a significant interaction between stimuli 

and time of test F (15,165) = 5.47, p < .05. 

Post hoc tests revealed that performance did not improve significantly for any 

stimulus for the trained group (p >.05). For subjects in the control group, 

performance did not improve from pretest to posttest for any stimulus but 

performance fell for stimulus 4 and stimulus 8, p < .05. 



Table 12 

Proportion of Times Each Natural Token Was Correctly Identified 
In TH/0 Test, As A Function Of Training Condition And Time Of Test 

Token 

'the' 'they· 'day I 'duh' 
Group Test 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 1 6 

Control Pre .91 .50 .90 .45 .83 .81 .75 .38 .97 .94 .94 .81 .79 .72 .78 .88 
Post .98 .24 .80 .17 .85 .90 .78 .18 .97 .97 .98 .96 .92 . 91 .92 .97 

Trained Pre .97 .SO .81 .49 .88 .72 .56 .14 .99 .97 .97 .70 .73 .68 .72 .73 
Post .99 .31 .65 .31 .82 .71 .56 .15 .94 .92 .95 .76 .78 .75 .80 .78 
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Figure 13. Effects of training on identification scores for each of the natural speech 

tokens used in the TH/D Test. Each point represents the mean of twelve A' 

difference scores, collapsed across all listeners within each group. Stimuli are 

ordered as in Table 12. 



TH/D Test --- Identification of Synthetic Tokens, 
Table 13 displays the identification scores summarized by proportion of correct 

response values for the/ a/ to /d/ continuum in all conditions. Stimuli are arranged 

from the clearest "the" (stimulus 1) to the clearest "duh" (stimulus 8) as described 

above. An examination of Table 13 reveals a clear bias toward labelling these stimuli 

as "th" sounds. The consistency and extent of this bias is confirmed through analyses 

of variance tests performed on the different response rates for the two categories. 

ANOVA revealed very large biases toward the "th" response among control subjects 

(F (1,11) = 306.59, p < .001) and trained subjects (F (1,11) = 141.44, p < .001). 

Due to the potential for artifacts using signal detection techniques when biases are 

extreme, scores were kept in the form of proportions of correct identifications during 

the analyses of this test. The mean change in the proportion of correct responses 

toward each of the eight stimuli, for each group, is displayed in Figure 14. 

Scores were submitted to separate 2 x 8 repeated measures analyses of variance 

for each group, to determine whether pretest and posttest scores differed for the 

stimulus tokens. ANOVA confirmed that A ' did not increase significantly after 

training (F (1,11) = 1.83, p > .05 ). Individual tokens differed significantly in their 

identifiability, F (7,77) = 73.19,p < .05, but did not differ in the amount by which 

performance improved (F (7,77) = 1.94, p > .05). 

For control subjects, pretest and posttest identification scores did not differ, F 

(1,11) = 3.51,p > .05. Control subjects also displayed different performances 

across stimuli (F (7,77) = 139.84, p < .05), but no interaction between stimuli and 

time of test F (7 ,77) = 1.58, p >.05. 

Post hoc t -tests found no significant improvement in performance for any 

synthetic stimulus in either the trained group or the control group, p > .05. 

Identification scores were also converted to A' values as described on page 42 in 

Experiment 1. These scores were then submitted to similar analyses of variance 
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tests that identification scores had been tested with. This analysis confirmed a lack of 

change in trained subjects scores, F (1,11) = .08, p > .05, an identification variability 

across stimuli (F (7,77) = 3.87,p < .05 and found an interaction between-these 

factors, F (7,77) = 3.34, p > .05. For control subjects however, the suspicion of 

possible artifacts was realized. ANOVA produced a marginally significant 

improvement for subjects over time, F (1,11) = 6.96, .02 <p < .03, a difference in 

the identifiability of stimuli, F (7,77) = 3.80, p < .05, and a lack of interaction 

between time of test and stimulus items, F (1 ,77) = .86, .04 < p < .05. 
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Table 13 

Proportion Of Ti mes Eech Synthetic Stimulus Wes Correct 1 y 
I dent i fi ed In The TH/D Test, As A Function Of 

Training Condition And Time Of Test 

Token 

Group Test 2 3 4 5 6 7 8 

Control Pre .93 .95 .94 .96 .15 .09 . 1 1 .1 5 
Post .97 .97 .98 .90 .26 .21 .25 .33 

Trei n ed Pre .99 .98 .98 .97 .15 .15 .19 .15 
Post .99 1.00 .94 .92 .29 .26 .22 .27 
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Figure 14. Effects of training on identification scores for each of the individual / / 
and/ d I synthetic speech tokens for listeners in the control and training groups in the 
TH/D Test. Each point represents the mean of twelve A' difference scores, collapsed 

across all listeners within each group. 
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Discussion 
The Voices Test 

Both synthetic and natural identification testing show performance increased 

after training, when the target phonemes are presented in the same word-position as 

used during training. Synthetic identification performance improved for all eight 

stimuli for trained subjects. Natural identifications also improved consistently in the 

trained group. No such improvements occurred for control subjects. These results 

replicate those found in Experiment 1, using a new group of francophone subjects 

and show that additional practice at listening to synthetic speech does not play a role 

in this improvement. 

In addition to replicating the results of Experiment 1, the identification tests 

with natural stimuli demonstrate that training transfers strongly across voices. This 

demonstration is particularly significant for second language training, since if the 

auditory skill developed by training was specific to the specific characteristics of the 

voice used for training, the technique would be of limited value. Since training 

generalizes to acoustic signals which were not specifically trained, it must cause the 

listener to gain a perceptual sensitivity to general, possibly "abstract" acoustic cues 

which have wider linguistic relevance. This hypothesis is supported by the type of 

variability which exists among the natural exemplars of each of the phonemes used in 

this test. As Figure 15 reveals, the tokens differ primarily by the greater spread of 

sound energy into higher frequency regions of the spectrum for female voices. The 

fundamental frequency, FO, ranged from 110 (stimulus 17 -- male voice) to 244 

(stimulus 6 -- female voice) in voiceless sounds, and from 112 (stimulus 23 -- male 

voice) to 238 (stimulus 12 -- female voice) for voiced sounds. Furthermore, the 

transition of formants within the vowels also showed great variability ( compare the 

unstable formants of stimuli 4 (voiceless) and 7 (voiced) to the steady state vowel 

produced in stimuli 13 (voiceless) and 19 (voiced). Finally, the relative bandwidths 
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15A 

Figure 15. Spectrograms of the 24 natural speech tokens used in Voices Test. Figure 
15A displays the twelve voiceless tokens: stimuli 1 to 6 and stimuli 13 to 18, in this 

order. Figure 15B displays the voiced tokens: stimuli 7 to 12 and stimuli 13 to 24, in 
this order. In each panel the sequence of stimuli is presented from left to right, top to 

bottom. 
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Figure 15 continued. 



of frication are also variable within both phonemes. The narrow frequency range 

displayed in the fricative portion of stimuli 2 (voiceless) and 8 (voiced) contrast 

greatly with the wider spread of frication in stimuli 5 (voiceless) and 11 (voiced). 

Thus, while the relevant distinction between these phonemes has been learned, 

irrelevant variabilities such as those described above have also been ignored. Further 

experimentation using, for example children's voices (i.e., of still higher pitches) or 

speech under various unusual circumstances (e.g., whispered speech) could further 

characterize this generalizability to include a greater variation of acoustic cues. 

The Positions Test 

The Positions Test showed that training did not transfer to the medial and final 

word positions, generally. This failure may indicate that subjects learned to perceive 

the frication noises strictly in the context of the following//\/ vowel. Thus, it is the 
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I~ A I category which has been learned, not the desired/~/ category. In this view, to 

train the general/ e / -/ / distinction, one may need to begin with each sound in 

general vowel environments. Subsequently, transfer across positions and vowel 

contexts might be seen. Alternatively, since the acoustic cues to the /0 / - / ~/ 

distinction differ as a function of position, it may be necessary to train each position 

separately. A full explanation of the failure to generalize across positions may need to 

be relatively complex. Inspection of the spectrograms presented in Figure 16 indicates 

that the acoustic cues distinguishing the two phonemes change in these positions 

relative to the initial position. The voiced sounds show stronger frication through the 

medial position and longer final fricative phonemes than are displayed in voiceless 

sounds of the stimulus set. Thus, while the frication in the initial position tended to be 

less prominent for voiceless sounds, this difference between/ e I and/ / appears 

to be more extreme in these other positions, yet it was not used reliably as a cue by 

trained subjects. 

Vowel context may also be important, since training may have enhanced the 



16A 

, I 

Figure 16. Spectrograms of the 20 natural speech tokens used in Positions Test. Figure 
16A displays the medial-position, voiceless stimuli (1-4). Panel B displays the 

final-position, voiceless stimuli (5-10). Panel C displays the medial-position, voiced 
stimuli (11-14). Panel D displays the final-position, voiced stimuli (15-20). In each 

panel the sequence of stimuli is presented from left to right, top to bottom. 
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Figure 16 continued. 
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16C 

Figure 16 continued. 
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Figure 16 continued. 



ability of subjects to distinguish the sounds when they are accompanied by selective 

vowels. However, an examination of the pattern of performance for trained subjects 

indicates that no clear benefit was derived through training to perceive the / e I - I I 

distinction in any of the vowel contexts used in this test. 

A more linguistically based argument can be developed, based on the Samuel, 

Kat and Tartter (1984) studies of stop consonant perception using the adaptation 

paradigm. Samuel, et al. showed that while native English listeners tend to break 

down words containing VCV syllables into a sequence resembling a vowel followed 

by a consonant-vowel sound, listeners treat the consonants in the CV portion in a 

qualitatively different way than word-initial consonants. Tartter, Kat, Samuel and 

Repp (1983) concluded that the consonants in VCV sequences are perceived 

dynamically by native speakers, causing a complex interaction between the 

information contained in the formant transitions of the two surrounding vowels and 

the duration of the stop closure. It seems reasonable therefore, to suggest that the 

present failure to generalize training to the identifiability of "th" fricatives in 

non-initial word position may reflect the more complex nature of the processing of 

acoustic information in these sounds. Further experimentation could be conducted to 

attempt to train medial distinctions by fading the formant transitions and fricative 

durations, starting from typical representations of each phoneme. Such a strategy 

might constitute a more thorough test of the fading technique in training this specific 

contrast. 

Finally, a much less interesting explanation remains possible: since subjects 

were not aware of the position in which the fricative information would be presented, 

from trial to trial, the fricative information may have been poorly perceived because 

newly trained subjects could not cope with the attentional demands of this more 

naturalized listening context. 
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The 1H/D Test 
Training with/ e I - I I had minimal effect on performance with the/ / -

I d I contrast. Neither synthetic nor natural sounds were better identified after 

training. The implication of this failure is that, while the voiced/voiceless distinction 

was well learned, the characteristic of frication was not sufficiently identified with the 

developing voiced / / category to allow subjects to distinguish between the two 

voiced sounds / / and /d/. 

Predictably, the control group showed a similar lack of effect with both natural 

and synthetic stimuli. This result confirms the fact that merely exposing the control 

subjects to synthetic "duh" sounds, had no effect on their subsequent identification 

performance. Furthermore, even the biases in both groups remained largely 

unaffected, as is evidenced by analyses of variance performed on this comparison in 

the posttest data of control subjects (F (1,11) = 53.41, p < .001) and trained subjects 

(F (1,11) = 40.69, p < .001). This bias can be understood in the pretest since 

subjects had received two previous sessions which focussed exclusively on "th" 

sounds. The reappearance of this bias in the posttest indicates that neither response 

strategy nor sensitivity changed over time in either group of subjects. 

Finally, post hoc tests performed on individual tokens revealed an extreme 

decrease for stimulus 4 in the control group. Viewing the identification scores for 

each of the eight / / stimuli, it is clear that the sounds with the longest frication 

durations were most easily identified as/ ~/sounds. Tokens numbered 1, 5, and 6 

had the longest durations and consistently high identification scores. Similarly, the 

shortest stimuli (2, 4, and 8) were more highly confused with /d/ and subjects in the 

control group found stimulus 4 particularly "duh"-like in the posttest. Since/ e I -
I I training failed to change this general response pattern, it is clear that future 

training attempts on the / / - /d/ contrast would have to desensitize subjects to the 

purely temporal cues that they are initially inclined to use for this distinction. What 
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remains unambiguous, however, is that listeners can become proficient at identifying 

I I when they know that the alternative possibility is/ e /, but that this ability does 

not necessarily extend to the identification of the sound when the alternative is /d/. 

This result underlines the fact that the strategies that listeners use are often highly task 

dependent, so that training them to use one type of cue in the / 9 / - / / task does 

not necessarily help them in the / / - /d/ task, where the sound differs from its 

alternative along a~ dimension. 
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CHAPTER FOUR 

Experiment 3 --- Introduction 

Thus far, the fading technique has been shown to be effective in training the 

single phonemic contrast/ e / - / / , within a relatively modest amount of time. 

When compared to the technique used in the pilot study, training with intact 
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exemplars using just a single type of cue, is seen to be important. It is known that the 

fading technique can be used to train the / e I - I I distinction and that there is a 

literature reporting failures to train other phonemic distinctions. However, there is no 

other report in the literature of an attempt to train the/ e I - I I contrast using other 

techniques, nor a literature reporting successful training of contrasts other than tel- I~/ 

using fading. Thus, it is possible that the success seen in Experiment 1 could also be 

achieved through simple identification training without any of the aspects of fading. 

In fact, the original design of the training task, as adapted from Terrace, 

confounded several characteristics which distinguished it from the simple prototype 

work of Lane and Moore (1962), Pisoni, et al. (1982) and McClaskey, et al. (1983). 

Thus, the success of fading may depend upon one or more of these factors: 

1) Cue Exposure. It is possible that simply exposing subjects to the critical 

cue(s) which distinguish/ e I from I I may in itself provide the information subjects 

need to identify categories. This view would argue that training with well constructed 

prototypes alone (i.e. without fading) should provide favourable results. 

2) Attentional Demands Of The Task. By adding different stimuli to the 

training set in each step of the training process, the fading technique may force 

subjects to attend to a greater degree than is necessary with simple cue exposure. It is 

possible that such an attentional factor would enhance the training process, regardless 

of the nature of variation among the stimuli. 



3) Intra-Phonemic Variability. Whether or not the phonemic constructs 

described by Samuel (1977) are correct, listeners must learn to ignore intra-phonemic 

differences while attending to inter-phonemic differences. Clearly, this learning 

would be accomplished most effectively by presenting stimuli which differed along 

the stimulus dimension(s) on which allophones of the phoneme actually differ in the 

language. By drawing subjects' attention to inter-phonemic variability and teaching 

them to ignore variation between allophones, it is possible to enhance inter-phonemic 

sensitivities at the expense of intra-phonemic sensitivities. 

4) Fading From An Established Anchor. The fading technique, as used here, 

involves all three of the factors listed above and also presumes the necessity of a 

systematic progression of stimuli from a predefined starting point in the continuum. 

These starting points are, in Terrace's tradition, chosen as a most obviously 

contrasting pair of stimuli. Whether this optimal pair is chosen from prototype values 

determined from the parameters of native listeners, or whether the pair should be 

based on stimuli processed to highlight critical differences, is an empirical question. 

However, the difference between the fading technique and a technique which simply 

provides for intra-phonemic variability lies in systematizing the presentation of these 

varying stimuli. 
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Clearly, a thorough investigation of the relative importance of each of these 

factors would require a series of experiments beyond the scope of this thesis. As a 

consequence, a single hypothesis within this series was selected for testing to 

determine whether the presentation of a single prototype stimulus of each phoneme 

would permit the results achieved in Experiment 1 to be replicated. This path was 

chosen for two reasons. First, as argued above, the prototype presentations used by 

Pisoni, et al. (1982) may have been of limited applicability---for example only some 

synthetic continua may have been perceived categorically after such training. Second, 

neither Pisoni, et al. (1982) nor McClaskey, et al. (1983) tested whether the effects of 
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their training transferred to natural stimuli. The present experiment was therefore 

undertaken to determine whether training with synthetic prototypes would improve 

performance in a manner similar to that found using the fading technique. If prototype 

training produces the same results as those found in Experiment 1, the other 

questions regarding the essence of the fading technique's success in training this 

phonemic contrast would not seem to require investigation. 

The present experiment therefore sought to determine whether intra-phonemic 

variability during training was important or whether a simple training paradigm using 

identification with feedback and a single pair of good exemplars of the contrasting 

phonemes would be sufficient. 

Method 
The present experiment represented an attempt to replicate the results of 

Experiment 1 using the presentation of selected prototypes alone, without fading, as a 

training strategy. 

Stimuli 

Pretest and posttest stimuli were identical to those used in Experiment 1. 

Prototypes used as training stimuli were stimulus points 3 and 6 from the synthetic 

continuum used in Experiment 1. Thus, both prototypes consisted of 70 ms of 

frication and 35 ms of transition leading into a 17 5 ms vowel. These stimuli contained 

clearly identifiable fricative portions without sounding exaggerated or unnatural due 

to unnecessarily great fricative length. Eight native English Canadian adult listeners 

used a four point scale to indicate how closely each of the four synthetic stimuli of 

each category represented a clear example of the indicated category. As Table 14 

shows, while the shortest stimuli (stimuli 4 and 5, respectively) were rated as the best 

exemplars, these stimuli have such low amounts of frication, that they were thought 

to be too difficult for francophone subjects to use during training, and were rejected 



Teble 14 

Meen Goodness Rating For Each Synthetic Stimulus Used 

In Experiment 3 

Voiceless Stimuli Voiced Stimuli 
2 3 4 5 6 7 8 

2.0 2.0 2.4 3. 1 3.2 2.6 2.6 1.6 

Note . Maxi mum score is 4, i ndi cat i ng highest ret i ng. 
Meens represent 1 0 judgements from eech of 8 raters . 
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as prototypes. Instead, the stimuli with slightly longer frication durations, which 

were the next most highly rated, were used for training. During training, these stimuli 

were presented without cafeteria noise at a level of 70 dB SPL. 

Subjects 
Subjects were selected from the francophone student body of the Queen's 

University's1986 Summer School of English. Twelve subjects were chosen from a 

group of fifteen candidates, on the basis of their pretest natural identification scores. 

These subjects were chosen to match the scores of the control group in Experiment 1. 

All subjects held residency in Quebec and all declared French to be their mother 

tongue. All but one of the subjects were drawn from the same class levels used to 

recruit subjects for Experiment 1 the previous summer. However, more direct 

comparisons of subjects between Experiments 1 and 3 were not possible because the 

school had adopted a different entrance placement test for 19863. Four male and eight 

female subjects ranging in ages from 17 to 23 participated. 

Procedure 

All phases of the experiment were completed over a thirteen day pericxi. 
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Pretesting was completed in the first two days. The first training sessions took place 

during days six, seven and eight; the second training sessions occurred on days eight, 

nine and ten. Posttesting was conducted on the last three days. Subjects were paid a 

total of $12 (approximately $4 per hour) for their participation. 

Pretest. Pretesting followed the method employed for Experiment 1: The 

identification test was administered at the beginning of the first session, followed, 

after a break of approximately 5 minutes, by the discrimination test. Instructions and 

testing were as described for Experiment 1, with the exception that the response 

forms in the identification task employed the keywords 'THREE' and 'THE' to 

receive "voiceless" and "voiced" written responses, respectively. 

Identification Training. During the second and third sessions, subjects were 



trained as described for Experiment 1. On each trial subjects listened to a single 

stimulus and then responded by pressing response keys marked "THREE" and 

"THE" to indicate their identification of the sound. Feedback was provided by 

illuminating a small white light to identify each error. A single training tape was used, 

containing 15 blocks of 20 trials each. Each of the two prototype sounds occurred 10 

times in each block, in a random order, with an inter-stimulus interval of 4 seconds. 

Blocks were separated by approximately 10 seconds. Prototype stimuli were 

presented in the absence of any noise background. 

Each training session continued until the subject completed six consecutive 

blocks with a maximum of one error per block or until all fifteen blocks were 

completed (approximately 20 mins). The second session repeated the training from 

the beginning of the tape. Only two subjects failed to reach criterion in either of these 

sessions; these were therefore the only subjects to receive the maximum amount (i.e. 

20 mins) of total training in a session. 

Posttestin~. Posttesting was conducted during the fourth session, using the 

same stimuli and procedures as for pretesting. 

Results 

The prototype training data were analyzed using the procedures described for 

Experiment 1, with separate analyses performed for the natural stimulus identification 

task, the synthetic identification task, and the discrimination task. The results are 

discussed below in sequence. 

Identification of natural tokens 

As Table 15 shows, the 16 individual tokens of the natural stimulus set 

represented a substantial range of identifiability for the francophone listeners in this 

group, as they did for the subjects in Experiment 1. These identification scores were 

converted to A' scores prior to statistical analysis using methods described on page 
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Table 15 

Proportion of Times Each Natural Stimulus Wes Correctly Identified 
Before And After Trei ni ng As A Function Of Trei ni ng Technique 

Token 

Technique Test 2 3 4 5 6 7 8 9 10 1 1 12 13 14 1 5 1 6 

Prototype Pre .78 .76 .79 .58 .49 .42 .39 .21 .65 .72 .72 .69 .72 .78 .78 .75 

Post .84 .78 .85 .76 .72 .51 .46 .35 .85 .86 .78 .85 .84 .90 .88 .92 
Fading Pre .76 .82 .7 4 .70 .58 .48 .48 .36 .73 .75 .72 .73 .70 .75 .82 .83 

Post .89 .83 .87 .79 .74 .68 .59 .48 .89 .83 .58 .92 .93 .88 .88 .92 
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Figure 17. Effects of training with prototypes versus the fading technique on the 
identification of individual natural speech tokens. The significant difference obtained 

with listeners trained in Experiment 1 with the fading technique is compared to the 
significant change prcxluced by prototype training in Experiment 3. Each point represents 

the mean of twelve A' difference scores, collapsed across all listeners within each 

group. Error bars illustrate one standard enor around the mean. 



27 for the pilot study. 

A' scores were submitted to a 2 x 16 repeated measures analysis of variance, to 

determine whether a difference existed between pretest and posttest scores for the 16 

natural stimulus tokens. Pretest identification scores were significantly lower than 

posttest scores F (1,11) = 5.01, p <.05. Subjects demonstrated different levels of 

identification performance across stimuli (F (15,165) = 8.37, p <.05), and the 

amount of improvement varied for different stimuli, producing an interaction between 

stimuli and time of test F (15,165) = 1.76, p <.05. Newman-Keuls post hoc tests 

confirmed a training effect (p < .05) for nine tokens individually (Stimuli 4, 5, 6, 7, 

8, 9, 10, 12, 13 and 16). Thus, with the same natural speech tokens used in 

Experiment 1, prototype training improved subjects' ability to identify voiceless and 

voiced "th" sounds. 

Figure 17 compares the improvement produced by training with the fading 

technique in Experiment 1 with the increased identification accuracy found with 

prototype-trained subjects, separately for each of the sixteen natural tokens. This 

figure reveals that the improvements in identification performance were highly similar 

for both the voiceless stimuli (1 to 8) and the voiced stimuli (9 to 16). A 2 X 16 

analysis of variance found that posttest scores in the trained goups of Experiments 1 

and 3 did not differ significantly, F (1 ,20) = .19, p > .05. 

Identification of synthesized stimuli 

The mean proportions of correct identification responses across subjects for 

each stimulus are summarized in Table 16. As this table shows, in the pretest, 

subjects responded to voiceless stimuli (1-4) less accurately than toward the voiced 

stimuli (5-8) . This bias toward voiced stimuli was found to be significant (F(l , 11) = 
3.30, p < .05) as it had been in the pretests of both control and trained groups in 

Experiment 1. 

Identification responses to these synthetic stimuli were converted to A' scores 
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Teble 16 

Proportion Of Ti mes Each Synthetic Stimulus Was Correctly 
I dent i fi ed Before And After Training As A Function 

Of Training Technique 

Token 

Technique Test 2 3 4 5 6 7 8 

Prototype Pre .72 .53 .54 .52 .77 .78 .80 .74 
Post .88 .81 .83 .60 .77 .85 .94 .83 

Fedi ng Pre .48 .49 .49 .52 . 71 .78 .72 .77 
Post .96 .97 .86 .83 .88 .97 .94 .97 
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Figure 18. Effects of training with prototypes versus the fading technique on the 
identification of individual synthetic speech tokens. The significant difference obtained 

with listeners trained in Experiment 1 with the fading technique is compared to the 
significant change produced by prototype training in Experiment 3. Each point represents 
the mean of twelve A' difference scores, collapsed across all listeners within each group. 

Error bars illustrate one standard error around the mean. 



to reflect the true sensitivity of subjects to the phonetic distinction, adjusted for the 

effects of bias. Figure 18 shows that listeners improved their identifications of the 

synthetic stimuli and that this improvement was consistent across the four voiceless 

and four voiced tokens. 

A' scores were submitted to separate, 2 x 8 repeated measures analyses of 

variance to determine whether pretest and posttest scores differed for the eight 

synthetic stimuli. The ANOV A confirmed that posttest scores were higher than pretest 

scores F (1,11) = 38.55, p <.05, that the identification scores among the eight stimuli 

differed F (7,77) = 3.42, p <.05, but that the identification of stimuli did not interact 

with time oftestF (7,77) = 1.39,p >.05. Newman-Keuls post hoc tests confirmed 

that individual stimuli showed significant increases in identifiability for two voiceless 

tokens (Stimuli 2 and 3) and two voiced tokens (Stimuli 7 and 8). Thus, prototype 

training improved identifications for both voiceless and voiced synthesized fricative 

sounds as the fading technique had in Experiment 1. However, an examination of 

Figure 18 reveals that the level of A' score improvement in the identification of these 

synthetic stimuli falls short of the consistent 30 point gains shown by subjects in 

Experiment 1. This may be due in part to higher pretest scores displayed by subjects 

in the present experiment (mean pretest A' score across eight stimuli= 75.9) than 

those produced in Experiment 1 (mean = 67 .1 ), although this difference is not 

statistically significant, F (1,20) = 2.17, p >.05. This initial performance difference 

has the result of providing less possibility for improvement. However a 2 X 8 

analysis of variance between the posttest score of the two trained groups shows that 

prototype training produced posttest A' scores which were lower than those produced 

by the fading technique in Experiment 1, F (1,20) = 7.86, p < .05. 

Discrimination of synthesized stimuli 

A' scores were calculated for each subject for each pair of stimulus tokens, 

102 



100 

90 

80 
LLJ 
0:: 70 
0 u 60 (/) 

-<{ so 

40 

30 

20 

• PRETEST 
• POSHEST 

1-2 2-3 3-4 4-S S-6 6-7 7-8 

STIMULUS PAIR 

Figure 19. Effects of prototype training on the discrimination of each of the seven 
pairs of different synthetic stimuli. Each data point represents the mean of twelve A' 

scores, averaged across all listeners in the group. 
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using the method described on page 48 for Experiment 1. Figure 19 displays the 

mean A' values for each of the seven pairs of different stimuli in the pretest and 

posttest. While the figure appears to show that posttest performances produced a 

more categorical function (i.e. heightened discriminability for the pair 4-5 at the 

category boundary), two-tailed, dependent, t -tests showed that A' scores changed 

significantly after training, (p < .05) for only stimulus pairs 1-2 (increased) and 6-7 

( decreased), even though these comparisons were conducted using a very liberal 

compound alpha risk of .30. The critical comparison between pretest and posttest for 

stimulus pair 4-5 failed to achieve significance (p > .05) even when a one-tailed t 

-test was conducted to test the a priori hypothesis that training would result in an 

increased level of sensitivity toward this stimulus pair. Thus, prototype training 

appears to have had no significant effect on subjects' perceptual abilities to 

distinguish between short-duration voiceless and voiced stimuli (stimulus pair 4-5), 

and did not produce a discrimination function among the stimuli in this continuum 

which was more linguistically relevant. 

Discussion 

Natural Token Identification Data 

Following prototype training, subjects were able to identify the natural "th" 

tokens more accurately than they could before training. Notably, this improvement in 

the perception of the natural stimuli closely mirrored the magnitude of the effect 

obtained with fading training. The pattern of improvement is particularly similar in 

light of the ordinal nature of the presentation of the stimuli in Figure 17. Stimuli in 

Figure 17 and Table 15 are arranged as in Figure 8, according to their identifiability 

when first identified by subjects in Experiment 1. Moreover, Table 15 shows that 

subjects in the two experiments tended to perceive the stimuli in a similar fashion 

during the pretests. In this perspective, it is clear that prototype training, like fading, 
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improved subjects' performance for most of the 16 stimuli, with the greatest 

improvement seen for stimuli which were poorly identified initially. 

Synthetic Token Identification Data 
The perception of the synthetic stimuli showed clear increases in identifiability 

after training. The demonstration that this increase was not limited to those synthetic 

stimuli which were used as prototypes confirms the results of the natural token 

identification task in that training did show transfer to untrained stimuli. Thus, 

subjects were clearly able to learn the nature of this phonetic distinction and to 

identify new, untrained sounds which contained frication segments of various 

durations. However, two additional aspects of the synthetic token identification data 

are of interest. First, the training effect (i.e. heightened identification scores) was not 

as large as that produced with fading. Secondly, these increases do not appear to be 

as consistent across the eight stimuli as they were for the fading technique. One 

possible explanation for the difference in the magnitude of the effect is that subjects 

trained with prototypes had less training overall than did those trained with fading 

(i.e. a maximum of 40 minutes versus a maximum of 90 minutes). However, 

prototype subjects received more training with stimuli 3 and 6 than did fading 

subjects, yet performed less well with those stimuli as well as with the other synthetic 

stimuli. Moreover, since protoype subjects achieved criterion in each of six blocks 

containing 20 identification trials each (i.e. they made fewer than six errors overall), 

they probably had learned these stimuli to an extent that additional exposure to them 

would have had little effect. 

Support for the idea that prototype training may have been less effective than 

fading can be inferred from the pattern of A' increases across synthetic stimuli. Table 

16 shows that the increase in the proportion of correct identifications was only 

moderate for the two shortest synthetic stimuli ( 4 and 5) and that these stimuli failed 

to show gains comparable to those obtained with fading. In contrast, the increase in 
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performance for the prototype stimuli (3 and 6) and the next longest token in each 

phonetic group (2 and 7) show more substantial gains, and represent results which 

are more similar to those displayed by subjects who were trained with fading. Thus, 

one might hypothesize that prototype training produces a less durable perceptual 

effect and that this shortcoming might become more obvious when listeners are faced 

with more challenging listening situations such as running conversation or speech in 

loud noise. 

However, conclusions regarding the differential benefits across the eight 

synthetic stimuli remain speculative, of course, since the analysis of variance 

performed on the A' scores revealed that the interaction between stimuli and time of 

test was not significant statistically (p > .05). 

Discrimination Data 

The discrimination functions displayed by these subjects are similar to those 

displayed by the subjects in Experiment 1. Statistical tests revealed that the critical 

stimulus pair 4-5 did not show a significant increase in discriminability with training, 

suggesting that this gain was simply not consistent enough across subjects to achieve 

the statistical criterion. It is not clear whether this lack of increase can be attributed to 

prototype training itself or whether prototype training with more challenging stimuli 

(i.e. stimuli 3 and 4) would have resulted in a heightened sensitivity to differences 

between these stimuli. 

Implications 

It is clear that this prototype training resulted in improvements in the 

identification of this/ 0 / - / ~/distinction. It is concluded from this result that 

laboratory training can improve the perception of this contrast and that training does 

not need to be based on fading. In the present experiment, less than 40 minutes of 

exposure to a pair of prototypes provided the perceptual information necessary to 

enhance francophone subjects' perceptual abilities. 
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One implication of this finding for studies previously reported in the literature 

is the issue of why such success has not been cited previously. Studies by Edman 

(1980), Pisoni et al. (1982) and McClaskey et al. (1983) have demonstrated the utility 

of training on VOT synthetic stimulus series, but have not reported attempts to 

transfer training to naturally produced sounds. This absence may indicate that 

attempts were unsuccessful or simply that transfer was not attempted. If attempts 

have been unsuccessful, one may argue that prototype training creates learning which 

has a generalizability limited to speech contrasts like /0 / - / / which vary primarily 

on a single, obvious acoustic dimension (i.e. voicing). Alternatively, the prototype 

developed for the synthetic stimuli may be useful to transfer training to natural stimuli 

provided that the natural tokens are similiar to the protoypes with regard to the 

relevant secondary cue dimensions. This second possibility presents an untested 

hypothesis which is relevant to the present prototype training experiment. While 

prototype training has been found to benefit the identification of natural stimuli 

produced by a single male voice, it is possible that the perceptual learning would be 

confined to natural sf:imuli which have fundamental frequency characteristics in 

common with the prototype. Thus, testing the identification of female or childrens' 

voices may reveal a limitation to the prototype technique; a limitation which could be 

quantified by measuring the utility of the subsequent presentation of prototype 

exemplars containing female or childrens' voicing characteristics. 

The second implication of this prototype training success concerns the essence 

of the fading technique. The range of fading characteristics introduced earlier in this 

chapter can be place.cl in an hierarchical order from least sophisticate.cl to most: i) 

simple cue exposure in acoustic context, ii) stimulus cue variability (i.e. use of 

multiple tokens having no phonemically relevant pattern to each other), iii) 

intra-phonemic variability, iv) fading from anchor points. The present experiment has 

demonstrate.cl the utility of simple cue exposure, while Experiment 1 demonstrated the 
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success of the fading technique. The possibility exists that a superiority of learning 

produced by fading had been demonstrated by the different success rates on the 

synthetic stimulus identification task by subjects in Experiments 1 and 3. Further 

evidence of this may be obtained through testing a range of voicing characteristics or 

through testing perception in more difficult listening situations (such as in the 

presence of high noise levels or in the context of running speech). If such a 

superiority can be firmly established, the nature of this benefit could be detailed 

through the systematic inclusion of different types of variability among the stimulus 

items used in subsequent training strategies. 

Finally, the negative results of this experiment raise the question as to what 

constitutes an ideal prototype for a phonemic category. Samuel (1977) reported that 

subjects have different phonemic category centers (i.e. different intra-category 

sensitivity minima, on a VOT continuum, even within a language community). Since 

a single sound within a language may not have a single prototypical locus which 

would be heard as optimal by the members of that language community, training 

non-English speakers using a particular speaker's prototypes (as was done in this 

present experiment) may be undesirable for many speech contrasts, especially those 

which vary along several stimulus dimensions. Thus, the problem of finding an 

appropriate prototype for a speech phoneme may be compounded in the case of more 

complex speech contrasts, by the need to match prototypes to individual subjects' 

sensitivities. If such a problem in discovering appropriate prototypes exists, a 

possible solution would be to introduce intra-phonemic variability within the course 

of training, making the assumption that such a strategy would, at least, not be 

detrimental to the formation of the prototype. This assumption receives support from 

the results of both Experiments 1 and 2. 
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CHAPTER FIVE 

General Discussion 
The most general conclusion of this thesis is that foreign speech contrasts can 

be learned quite readily when listeners are exposed to an appropriate sequence of 

auditory training. The present work also illustrates the utility of auditory training 

using intact exemplars of speech. The alternative strategy of isolating critical cues for 

speech and presenting them during training was not exhaustively tested in this thesis. 

However, on the basis of pilot work and previous research, the importance of using 

intact exemplars is clear. 

The success of the fading technique indicates the efficiency, if not the 

necessity, of providing subjects with more information than is contained in a simple 

pair of prototypes. It is clear that new speech categories can be formed simply by 

intrcxlucing subjects to several tokens from a phonemic category and then training 

them to classify these within a category. The information contained in a single 

examplar of a phoneme may serve only to discriminate that sound from other 

phonemes of a listener's second language, or even from other sounds not 

representing phonemes of that language. The use of a more representative sample of 

allophones, varying in ways typical of the sound's normal intra-phonemic variability 

in natural speech may be needed during training to allow subjects to form a distinct 

category for that group of sounds. 

Samuel's (1977) work suggests that intra-phonemic psychophysical 

insensitivity is a characteristic of native phonemic categories, and may be a defining 

characteristic. Rosch (197 5) has also proposed prototype constructs and the use of 

category typicalness values among stimulus items for measuring the goodness of fit 

109 



between an item and a category. Rosch has demonstrated reaction time differences 

among items of varying category typicalness in her work using semantic category 

matching tasks, as support for this type of theory. For example, Rosch has 

demonstrated that subjects will match a very typical item such as "chair" to the 

category "furniture" faster than they will match a less typical item such as "stool". 

This discrepancy exists despite the consistent assignment of both items to the 

"furniture" category. Thus, Rosch demonstrates that category membership can be 

quantified, and that the use of a semantic category involves the recognition of 

common attributes among stimuli and the ability to ignore qualities which are 

irrelevant to their category membership. The relation between typicality and speed 

may have great relevance for speech perception, particularly with continuous speech 

where sounds are presented at a high rate. 

Through the consistent use of a particular type of intra-phonemic variability 

during Experiments 1 and 2, this thesis has demonstrated some of the strengths and 

limitations of the fading technique. Experiment 1 revealed that the fading of fricative 

duration in synthetic "th", initial-position CVs improved both identification and 

discrimination of these same synthetic sounds and also enhanced the identifiability of 

naturally produced examples of these sounds. Experiment 2 extended these results to 

include the successful enhancement of subjects' abilities to identify these same 

sounds produced by two additional voices of each sex. 

Limitations of this technique were revealed by the failure to enhance subjects' 

ability to classify natural "th" sounds when these occurred in medial and final word 

position, and by the failure of subjects to utilize this training when asked to make the 

I I - Id/ distinction. Subjects' inability to transfer training to the Positions Test may 

be due to substantial differences in the acoustic cues and thus in the phonetic qualities 

of the phonemes in the different word positions. However, the TH/D Test result 

suggests that fading the frication duration during training may have led to a perceptual 
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focus which could not be usefully applied in this other speech context. The successful 

enhancement of subjects' abilities to utilize the stimulus attributes that distinguish I I 

from Id/ may simply require the development of a fading technique based on the 

burst/frication cue distinction, or on the subtle spectral cues which distinguish the two 

sounds. It remains possible that the I 6 I - Id/ distinction would be learned more 

rapidly following I e I - I I training, of course, but this was not tested. 

111 

Finally, the possibility of generalizing training with prototypes or the fading 

technique to other phonemic distinctions has not been tested here. Phonemic 

distinctions which vary along well-defined parameters such as the frequency patterns 

associated with fricative place-of-articulation (for example, the If I - Isl distinction) 

could be used to clarify the relative power of the two techniques (assuming suitable 

language populations could be accessed). Other possible candidate phonemic 

distinctions include the /rl - /11 distinction which involves increasing the path of 

formant transitions through the duration of the sound, and many vowel distinctions 

which involve multiple formant alterations, for example the le11I (as in boat) versus/la/ 

(as in beet) distinction. For these more complex phonemic contrasts, investigators 

employing prototype training will first need to discover the nature of the appropriate 

prototype for each speech phoneme. This task may be formidable since little research 

is apparently available to aid in the discovery of valid prototypes. Samuel ( 1977) has 

provided evidence concerning the discrimination insensitivities which he found to 

represent category centers. However, the use of this strategy for discovering 

prototypes assumes that the relevant dimension of variability has been found and can 

be presented on a synthetic speech continuum. Rosch has demonstrated that 

prototypical stimulus items will be more quickly matched to a semantic category than 

poor items. Thus, reaction time values obtained from native listeners performing 

phonemic category matching tasks may represent a useful strategy for discovering 

prototypes. Other strategies such as simple listener ratings may also prove useful. 



As discussed above, the doubtful applicability of a particular protoype to 

natural speech may lead investigators to include some sources of variability among 

stimuli within the training procedure. This solution also entails potential procedural 

problems however, since it presumes knowledge as to which acoustic dimensions of 

variability are relevant to the definition of a particular phonemic group. Thus, 

researchers who attempt to use fading to train more complex phonemic contrasts will 

need to identify these important acoustic dimension(s) of variability, synthesize 

suitable tokens of these sounds, and then develop an appropriate training sequence, 

possibly introducing different cue dimensions at various stages of training. 

Regardless of the relative power of the two training techniques, however, the 

results of this thesis seem consistent with a process whereby new prototypes are 

developed as listeners learn which cues are characteristic of the phoneme, which 

types of variability can be tolerated within a phonemic category, and which variations 

critically distinguish phonemes. 

Conclusions 

The fading technique has been demonstrated to be an efficient technique with 

which to train francophone Canadian subjects to identify and discriminate / e I and 

I I phonemes. This perceptual enhancement has been demonstrated to extend to the 

perception of sounds produced by multiple voices of both sexes. It has not been 

proven to ext~nd to the perception of these sounds in word-medial or word-final 

positions. Nor has the perceptual benefit been found to automatically aid subjects in 

the perception of the/~/ - /d/ contrast. 

Similar training using a selected pair of synthetic prototypes has also proven to 

be quite effective as a technique. Training with this technique produced a comparable 

level of performance with natural stimuli, but poorer performance with synthetic 

tokens. This result suggests that the introduction, during training, of multiple 
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exemplars of a phonemic group which are designed to reflect the natural source of 

intra-phonemic variability, may be important for effective learning. The role of this 

intra-phonemic variability may be to enhance the category prototype by desensitizing 

the subjects to the differences between this prototype representation and the stimulus 

being perceived. 
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NOTES 

1. Figure 9 indicates that some within-category discriminations appear relatively 

high, especially at contrast points 3 (stimulus 3 and 4) and 4 (stimulus 5 and 6). 

Stimuli along the continuum vary from those in adjacent positions by a constant 

35 ms of frication, however, at the phonemic boundary, stimuli 4 and 5 have 

equivalent frication durations, but different types of frication. As a result, the 

wide shoulders of the discrimination functions can be explained in terms of 

well-known psychophysical threshold changes which occur in the 

discriminability of sounds as their duration increases. In any case, these are not 

of concern in the present training study since none of these points changed 

significantly over time in either group. 

2. During the final analysis of these data it was discovered that the first voiceless 

stimulus (stimulus 1) consisted of an edited version of a second stimulus used 

(stimulus 2). While the author finds this embarassing, it should be emphasized 

that stimulus 1 contains 40 ms less frication than stimulus 2. This difference 

allowed the duplication to remain undetected during the early examination of the 

stimulus set. This difference also represents substantial variability between the 

two stimuli as perceptual items. 

3. The placement test used in this summer was The Ontario Test of English as a 

Second Language (Carleton University and the University of Ottawa). The test 

was piloted during the summer of 1986 and has not yet been published. 
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Appendix A. Klatt parameters for synthetic stimulus 8 in Experiment 1 (continued). 
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Appendix B. Time waveform for synthetic stimulus 1 in the TH/D Test. 
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Appendix B. Klatt parameters for synthetic stimulus 8 in the TH/D Test. 

128 



129 

-(/) 

E -

I 

3GnllldW\t 

Appendix B. Time waveform for synthetic stimulus 8 in the TH/D Test. 




