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ABSTRACT 

This thesis examines the relationship between speech 

perception and speech production errors in children who 

have a functional articulation disorder. The results of 

previous studies have been equivocal, largely due to the 

use of unreliable speech discrimination tests which target 

phoneme contrasts unrelated to children's articulation 

errors. In the present work, speech perception was 

assessed with a Word Identification Test which consisted 

primarily of a synthetically produced continuum of stimuli 

which contrasted phonemes corresponding to the 

articulation errors found in the subjects' speech. 

Experiment 1 examined subjects' ability to identify 

the words " seat" and " sheet", which contrasted the 

phonemes Is/ and IS!, respectively. Adults, normal 

speaking five year olds, and some -articulation 

disordered five year olds identified the words " seat" and 

"sheet" appropriately and reliably. However, a subgroup of 

articulation disordered children were unable to identify the 

test stimuli appropriately. 

Experiment 2 examined subjects' ability to identify 

the words " sick" and " thick", which contrasted the phonemes 

is/ and iei, respectively. While both adults and normal 

speaking children made generally appropriate responses 

to the words " sick" and " thick", normal speaking 

children had more difficulty than the adults identifying 
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'thik" - like stimuli correctly. All of the articulation 

disordered children were unable to identify these words 

appropriately, and many of them responded in an apparently 

random manner to the test stimuli. 

Experiment 3 was conducted in order to determine if 

sound identification training would facilitate sound' 

production learning by children with both a functional 

articulation disorder and a speech perception disorder 

(as measured by the Word Identification Test). A single 

subject design which permits the use of randomization 

tests ( Edgington, 1980) was used so that individual 

differences in response to the treatment program could 

be examined. A modified fading technique ( Jamieson & 

Morosan, 1986) was used to teach each child to identify 

two fricatives. Three children who presented with both an 

articulation and a speech perception disorder showed 

significant gains in production ability. One child failed 

to learn the perception task and another child showed no 

pre-treatment difficulties with the task. As expected, 

these children did not demonstrate improvements in speech 

production ability. 
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CHAPTER ONE 

Speech Perception and Speech Production Development in 

Normal and Articulation Disordered Children 

Introduction 

The ability to articulate the phonemes of one's 

language develops from infancy through young childhood and 

is usually complete by the age of seven or eight years. 

Normative studies show that there is considerable individual 

variability with respect to the sequence in which individual 

phonemes are learned ( Winitz, 1969). Thus, articulation 

development is not perfectly orderly, and in particular, 

there is no evidence that some sounds must be mastered 

before others can be learned. 

Children also demonstrate a great deal of inconsistency 

in their productions of different phonemes. For example, 

while the Is/ sound is not mastered by most children until 

age seven or eight, many children produce this sound 

correctly in at least some contexts by age three ( Kenney & 

Prather, 1986; Ingram, Christensen, Veach, & Webster, 1980). 

While such factors make it difficult to assign a specific 

age of acquisition to each phoneme, normative data have been 

compiled to indicate the age at which most children produce 
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each phoneme in the standard manner ( Sander, 1972). Children 

who demonstrate nonstandard productions of any phoneme at an 

age when most of their peers have mastered the sound are 

said to have an articulation disorder or articulation 

delay. 

Articulation disorders are frequently categorized in 

terms of the etiology of the disorder such that one child 

may present with " cleft palate speech" and another with 

"hearing impaired speech". Children whose articulation 

disorder is apparently nonorganic in origin or for whom no 

organic causal factor can be identified are placed in the 

"functional" category ( Shriberg & Kwiatkowski, 1982). This 

thesis examines one aspect of the relationship between 

speech perception and speech production errors in children 

with such a functional articulation disorder. 1 

Some approaches to the management of functional 

articulation disorders essentially ignore the question of 

etiology and focus on the modification of articulatory 

behavior through the application of learning principles such 

as shaping and reinforcement. However, many approaches are 

based on a particular view of the processes involved in the 

normal development of speech skills and the presumed causes 

of disordered speech. Studies of the potential causes of 

functional articulation disorders have shown that difficulty 
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with speech discrimination is the most reliable correlate of 

disordered speech ( Winitz, 1969). Consequently, most 

approaches to the management of speech disorders place some 

emphasis on the role of speech discrimination skills in the 

development of the disorder and the role of speech 

discrimination training in the remediation of speech 

errors. However, these approaches vary in their conception 

of the nature of the relationship between speech perception 

and speech production difficulties, as will be shown below 

in a review of clinical and theoretical approaches to the 

remediation of speech disorders. 

Approaches to the Management of Articulation Disorders  

Charles Van Ripers highly influential work " Speech 

Correction: Principles and Methods", first published in 

1939, was perhaps the first comprehensive guide to the 

treatment of speech disorders. Van Riper ( 1963) 

characterizes speech as a motor act and an acoustic event 

but emphasizes the functional and psychosocial aspects of 

speech. Van Riper acknowledges the role of maturation in 

the normal acquisition of speech skills, especially in the 

development of increasingly coordinated and voluntary motor 

behavior. However, he stresses that speech is a learned 

behavior and emphasizes the role of the parents in providing 
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appropriate stimulation, models, and rewards. Parents may 

motivate their children to misarticulate by providing poor 

models and by rein-forcing the use of substandard speech. 

Parents may understimu].ate the child, by failing to provide 

a model to imitate, or overstimulate the child, by providing 

a model which is too complex to imitate. A major 

consequence of inadequate stimulation is difficulty with 

phonetic discrimination; in turn, this difficulty is likely 

to lead to misarticulations. Consequently, the first phase 

of Van Riper's treatment program, the " ear training" phase, 

is directed at teaching the child to recognize the 

distinctive differences between the target phoneme and other 

phonemes; and the differences between the target phoneme and 

the child's substitution. 

Van Riper ( 1963) recommends a variety of procedures 

which may be used to help the child define the target 

sound. Isolation techniques are intended to teach the child 

to isolate the target sound from its context; these 

activities include cutting out pictures of words which begin 

with the correct sound. Stimulation activities include 

reading to the child and prolonging, the target whenever it 

occurs. Identification techniques involve labelling and 

defining the characteristics of the target sound and the 

substituted sound. Finally, discrimination activities teach 
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the child to compare and contrast the target sound and the 

substituted sound, both in isolation and in connected 

speech. For example, the child may be required to identify 

correct and incorrect productions of the target sound in the 

speech of the clinician. The second phase of therapy, 

called " scanning and comparing", is similar to ear training 

except that the child is required to identify the error 

sound as it occurs in his or her own speech, as opposed to 

the speech of the therapist. Finally, the child is taught 

to produce the sound correctly through such techniques as 

imitation, progressive approximation, and phonetic 

placement. 

McDonald ( 1964) based his approach to the management of 

articulation disorders on research regarding the 

sensory-motor aspects of articulation, with a special 

emphasis on coarticulatory effects. By McDonald's 

definition, speech is " a series of movements made audible 

(1964, p. 175)." 

Speech production includes the motor processes of 

respiration, phonation, and articulation, controlled by the 

central nervous system, and coordinated with input from the 

auditory, visual, tactile, and proprioceptive systems. 

Articulation development, from the random and gross motor 

behavior of the infant to the increasingly precise, complex, 
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and coordinated articulatory patterns of the older child, 

thus requires both the maturation of sensory and motor 

processes and the integration of these processes. 

Maturation of the sensory processes allows the child to 

discern more complex models and provides increasingly 

specific feedback about the sensations associated with motor 

acts. Specific sensory feedback, coupled with improved 

motor coordination, allows the child to make the motor 

adjustments necessary to attain the standard articulations 

of the child's language community. 

Because of the many factors which must be coordinated 

for normal articulation development, dfective articulation 

may result from many patterns of structural, motor, sensory, 

psychological, or social deficits. McDonald ( 1964) notes 

that the term " functional" implies that the disorder lacks 

an organic basis; thus, functional articulation disorders 

are felt to have primarily psychosocial origins. However, 

McDonald feels that functional articulation disorders are 

more likely to result from the combined effects of a series 

of minimal dysfunctions. For example, most children with a 

mild structural defect such as a high palatal vault would be 

able to compensate adequately for this problem. However, a 

minor structural defect combined with both a transient 

hearing impairment and a motivational problem may well lead 
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to significantly delayed articulation skills. 

During the first phase of McDonald's therapy program 

the child is required to imitate a series of increasingly 

complex bisyllables and trisyllables, based on consonants 

and vowels that the child is capable of producing 

correctly. The purpose of this step is " to heighten the 

child's responsiveness to the patterns of auditory, 

proprioceptive, and tactile sensations associated with the 

overlapping, ballistic movements of articulation ( 194, p. 

138)." In the next step, a target phoneme which the child 

produces correctly in at least one phonetic context is 

chosen. The therapist provides the child with opportunities 

to practice this phoneme in this key context, and reinforces 

correct production of the target sound. All production 

activities involve at least syllable sized units. Further 

practice and reinforcement is used to facilitate 

generalization of correct production to a variety of new 

phonetic contexts. McDonald specifically advises against 

the use of ear training procedures which require the child 

to identify or discriminate externally produced models of 

the target phoneme. Rather, the emphasis is on the 

integration of the auditory, tactile, and proprioceptive 

sensory patterns associated with the correct articulation of 

the target in a variety of phonetic contexts. 
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Winitz (1969) emphasizes the distinction between 

phonetic learning and phonemic learning in articulation 

development. Phonetic learning is the acquisition of the 

motor responses associated with different speech sounds. 

Phonemic acquisition involves learning which sounds are 

contrastive in terms of signalling differences in word 

meaning. Learning the phoneme system of the community 

language requires that the child learn to recognize which 

acoustic features are associated with distinctive features 

(such as voicing, nasality etc.) and learning to 

distinguish these features from acoustic features which are 

nondistinctive. .Winitz states that the psychological 

mechanisms involved in phonemic learning are discrimination 

learning, stimulus generalization, motivation, and frequency 

of reinforcement. 

According to Winitz ( 1969), most of the necessary 

phonetic units are acquired during prelanguage development 

and are thus available before the child begins to learn the 

phonemic system. Consequently, phonetic learning is not 

seen to be a significant factor underlying children's speech 

errors. The errors heard in the speech of both normally 

developing children and articulation disordered children 

represent a self-contained phonemic system which is 

different from that of adults.. This deviant phonemic system 
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is derived from the child's attempts to learn the rules of 

the adult phonemic system. 

!4initz ( 1969) states that it " seems logical that the 

learned discriminations among different speech sounds must 

occur prior toor simultaneously with the phonetic and 

phonemic learning processes ( p. 180)". However, he suggests 

that the speech discrimination difficulties experienced by 

articulation disordered children may arise as a result of 

the children's production errors themselves. Although he 

rejects the idea that speech perception is wholly dependent 

upon prior pYoduc.tion learning, he does believe that 

habitual misarticulation of a phoneme will depress the 

child's ability to discriminate between the target phoneme 

and the substituted phoneme. This notion is based on 

stimulus-response theories of acquired distinctiveness and 

equivalence of cues and is supported by a number of studies 

with normal speaking school-age children. For example, 

Winitz and Bellerose ( 1963) tested children's ability to 

discriminate an unusual phoneme cluster from a normal 

English phoneme cluster following a number of different 

pre-training conditions. Two of the five pre-training 

conditions will be described here. The first group was 

taught to say " vrow" in response to " vrow" and " brow" in 

response to " brow", while a second group was taught to 
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respond " brow" to both syllables. The first group obtained 

significantly better discrimination scores than the second 

group ( although the second group's performance reached 

above-chance levels very quickly). 

Winitz ( 1969) states that it is essential to provide a 

period of speech discrimination training prior to production 

training and advises against the use of training procedures 

which encourage the simultaneous learning of sound 

discrimination and sound production. Speech discrimination 

training, should be directed at teaching the child to 

discriminate the target phoneme from the substituted sound 

(Winitz, 1975). The training program should be structured so 

that the child learns to discriminate pairs of phonemes 

which represent progressively less phonetic distance ( where 

phonetic distance is measured in terms of the number of 

distinctive feature differences between the phonemes). For 

example, Winitz and Bellerose ( 1967) taught children who 

distorted the In phoneme to discriminate the following 

sequence of phoneme pairs: /w/-It!, /w/-/y/, /w/-In!, and 

Irwl'lrl. Winitz ( 1975) states that discrimination training 

will lead to improved production of the target phoneme if 

the child is able to produce the necessary features. In 

other cases, direct production training will be required. 
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Many other- authors have advocated a distinctive -feature 

approach to the description and treatment of children's 

speech errors while not advocating the use of speech 

perception training in the treatment of articulation 

disorders. These authors agree with Winitz' ( 1969) view 

that -functional articulation errors represent a deviant 

phonemic system. However, since these errors are not 

presumed to be associated with speech discrimination 

difficulties, production training alone is -felt to be 

sufficient to correct the child's internal representation of 

the phonemic system of the language community ( McReynolds & 

Bennet, 1972; McReynolds & Huston, 1971; Williams & 

McReynolds, 1975; Pollack & Rees, 1972; Ruder & Bunce, 1981; 

Singh, Hayden, & Toombs, 1981; Waldman, Singh, 8< Hayden, 

1978). 

Recently, a number of phonological approaches have been 

proposed ( see Shelton & McReynolds, 1979, for a review). 

These approaches seek to eliminate deviant phonological 

-processes rather than to modify individual 

misarticulations. According to these approaches the 

children's speech errors represent simplifications of the 

adult speech pattern which are governed by rules ( or 

processes). The proponents of these approaches disagree 

concerning the role of perceptual ability in the development 
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of deviant phonological processes. Thus, the treatment 

approaches may or may not include a period of speech 

discrimination training. For example, Compton ( 1970) states 

that phonological errors are not caused by difficulties with 

speech discrimination. On the other hand, Ingram ( 1974) 

assumes that at least some phonological errors arise as a 

result of the slow development of the child's speech 

perception skills. According to this view, the child's 

perception of the adult system of phonological contrastsis 

faulty, and consequently the child's mental representation 

of the phonological system will be different from that of 

the adult. 

The treatment approaches described above present three 

different views of the relationship between speech 

perception and sound production skills: ( 1) the ability to 

discriminate a phoneme from other phonemes must precede the 

ability to produce a given phoneme correctly; ( 2) 

articulation development involves the integration of the 

motor and sensory patterns associated with producing a sound 

and thus speech perception and sound production are seen to 

develop more or less simultaneously; and ( 3) speech 

production may influence subsequent perception of sounds. 

Based on these differing views of the etiology of 

articulation disorders, two distinct treatment approaches 
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have been recommended: ( 1) the child should receive an 

intensive period of " ear training" prior to production 

training, to teach the child to discriminate the target 

phoneme from the substituted sound, as these are spoken by 

the therapist; or ( 2) speech perception training should be 

integrated with production training to teach the child to 

recognize his or her on correct and incorrect productions 

of the target phoneme. 

Research regarding the nature of the relationship 

between speech perception and speech production ability has 

been directed at three main questions: ( 1) Is there a 

relationship between speech perception and speech production 

development in normally developing children? ( 2) Is there a 

relationship between speech perception and speech production 

errors in the speech of articulation disordered children? 

and ( 3) Does speech perception training influence speech 

production ability in articulation disordered children? The 

next section reviews studies relevant to these questions. 

Normally Developing Children 

Eilers and Oiler ( 1976) used minimal pairs to test the 

ability of two year old children to produce and perceive 

eight different phoneme contrasts. Children were given 

credit for correct production if they maintained some 
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phonetic contrast when imitating the words. Perception was 

tested using objects and an identification task. Children 

were given credit for correct perception of a contrast if 

they responded correctly on six of eight identification 

trials. The two most common patterns were correct 

perception/correct production and correct 

perception/incorrect production. Many children demonstrated 

both incorrect perception and incorrect production, 

especially for the /f/-/ e/ contrast. Some children failed 

the perception test while receiving credit for correct 

production of the /p/ - It! contrast. The authors concluded 

that perceptual confusions probably underlie some, but not 

all., production errors. 

Edwards ( 1974) used a similar procedure to test the 

hypothesis that perception precedes production for three 

fricative contrasts, one stop-fricative contrast, and six 

glide contrasts. Her subjects ranged in age from 1 year - 8 

months to 3 years - 11 months. Overall perception scores 

were much better than overall production scores and 

perception preceded production for most children for all 

contrasts. However, in some cases performance on both tests 

was so variable that perception and production skills 

appeared to be developing more or less simultaneously. In 

rare instances, a child demonstrated correct production of a 
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contrast while -failing the perception test. 

Locke and Goldstein ( 1971) compared kindergarten 

children's perception and production of 9 commonly 

misarticulated phonemes. The children's ability to perceive 

the phonemes was tested with both a recognition task ( in 

which the child judged the correctness of the examiner's 

articulation of the test phoneme) and a discrimination task 

(in which the child responded same" or " different" to a 

pair of words). A picture naming task was used to assess 

the children's ability to produce the phonemes, but only 

substitution and-omission errors were judged to be 

misarticulationS. Locke ( 1971) -found 75 to 80 percent 

agreement between perception and production ( i.e. overall, 

misperceptions were generally associated with misproductions 

and correct perceptions were generally associated with 

correct productions). However, only 40 percent of 

misperceptions were associated with misproductions. This 

unusual result is very likely due to the -failure to count 

distortion errors as misarticulations, and probably does not 

mean that the children correctly produced 60 percent of the 

sounds which they misperceived. It is reasonable to expect 

that distortion errors would be common in the speech of 

children who have not yet developed a clear sense of the 

auditory perceptual correlates of particular phonemes. 
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Ziatin and Koenigsknecht ( 1975) synthesized three 

continua, each varying in voice onset time ( VOT) , for the 

labial, apical, and velar stops in the word initial position 

(i.e. for / b/ vs. /p/, / d/ vs. It!, and /g/ vs. /k!). The 

category boundary ( the point along the VOT continuum where 

SO% of the stimuli were identified as voiced) and the 

boundary width ( the number of stimuli identified as voiced 

less than 75% of the time but more than 25% of the time) was 

determined for each identification function. All groups 

showed the same category boundaries for the labial and 

apical continua, but two year olds shifted their 

identifications from !g/ to ! kl at significantly longer lag 

times than six year olds or adults. In addition, boundary - 

width decreased with age for all contrasts. These results 

indicate that, with increasing age: ( 1) category boundaries 

are more discrete, and thus fewer stimuli are perceived as 

ambiguous, and ( 2) the amount of difference in VOT between 

stimuli required for correct identifications is reduced. 

Ziatin and Koenigsknecht ( 19Th) also measured VOT in 

the productions of these same subjects. Adults produced 

more voiced stops with voicing lead and showed less within 

group variation in mean lead times for voiced stops, when 
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compared to normal children. Less overlap of VOT values 

between voicing categories was also observed with increasing 

age. 

Perception and production data were compared by 

determining each subjects category boundary from their 

identification function and then calculating the number of 

times the produced VOT value occurred within the boundary of 

the perceptual category. The percentage of such within 

category productions increased with age. The comparison of 

perception and production data also showed that perceptual 

ability was generally more advanced than production ability 

throughout the developmental period studied. For example, 

no differences between six year olds and adults were found 

with respect to location of the category boundary and 

boundary width for perception of the labial stop contrast. 

However, significant differences between these groups in 

mean lead time for ib/ production and range of produced VOT 

values for fbi and ip/ production were found. 

Krause ( 1982a) examined the ability of children and 

adults to identify voiced and voiceless postvocalic stops on 

the basis of vowel duration. A shift from voiceless to 

voiced stop identifications was observed at significantly 

shorter vowel durations for adults than for children. A 

progressive increase in the slope of the identification 
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-functions was also observed, suggesting progressive 

reductions in boundary width with increasing age. Krause 

(1982a) suggests that these differences between children and 

adults may be due to the absence of the multiple cues for 

postvocalic stop identity which are found in natural 

speech. 

Krause ( 1982b) also measured vowel duration in the 

productions of three year olds, six year olds, and adults. 

All groups showed significant differences in vowel duration 

before voiced and voiceless stops but both the size of the 

difference and the variability of the within category 

durations decreased with age. Krause ( 1982b) concluded that 

productive use of vowel duration as a cue to postvocalic 

voicing develops in parallel with perceptual ability, both 

systems showing gradual stabilization and refinement over 

time. 

Bernstein ( 1983) examined the ability of adults and 

children to identify words contrasting the velar stops /g/ 

and / k/ in the prevocalic position. She found that VOT and 

-fundamental frequency ( FO) were both effective cues to the 

voicing contrast for adults, while children 's 

identifications were based on the VOT cue alone. Ohde 

(1985) measured VOT and FO values in the productions of 

adults and eight to nine year old children. Differences in 
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VOT reliably differentiated voiced and voiceless stops in 

the speech of both groups, but EQ differences were 

significantly less stable in the children 's speech. 

On balance, the studies of normally developing children 

suggest that perceptual ability generally precedes 

production ability, although, in some cases perception and 

production appears to develop more or less in parallel. The 

extent to which perception precedes production may depend on 

the type of phoneme contrast. For example, Edwards ( 1974) 

suggests that the delay between correct perception and 

correct production of glide contrasts may be long relative 

to other contrasts. While instances of production preceding 

perception have been reported ( e.g., Eilers and 011er , 1976; 

Edwards, 1974; Locke & Goldstein, 1971), these are most 

likely due to the use of imprecise production measures. 

The available evidence suggests that the development of 

perception and production ability involves a gradual 

refinement and stabilization of both systems. The ability 

to perceive a given phoneme contrast is a continuous rather 

than a dichotomous process; the degree of perceptual skill 

depends upon the number of acoustic cues which can be 

utilized to determine phoneme identity and the magnitude of 

the acoustic distance required for correct identifications. 

The development of articulation is also a continuous process 



20 

which follows or parallels the development of perceptual 

ability. Clearly, investigations of perceptual and 

articulatory development should utilize precise and 

objective measures of the acoustic characteristics of the 

child 's productions and of the stimuli used in perceptual 

tests. 

Articulation Disordered Children 

Many studies have shown that articulation disordered 

children obtain poorer scores on tests of speech 

discrimination ability than children with normal speech. 

For example, Cohen and Diehl ( 1963) administered the Templin 

Speech Sound Discrimination Test to children with normal 

speech skills and to children with severe functional 

articulation disorders. The children were in grades 1, 2, 

or 3, and were matched on the basis of age, grade, sex, and 

intelligence. The children with articulation disorders made 

significantly more speech perception errors than the normal 

children. 

Similarly, Sherman and Geith ( 1967) found that children 

who obtained high scores on the Templin Test presented with 

significantly better articulation skills than children who 

obtained low scores on the sound discrimination 
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test. Sherman and Geith concluded that speech 

discrimination difficulties may be causally related to poor 

articulation and recommended that speech discrimination 

training be included in speech therapy plans for these 

children. 

Irwin ( 1974) administered the Ohio Tests of 

Articulation and Perception of Sounds to 200 children, aged 

5 to 8 years. This test includes four speech perception 

subtests: (:1) the interpersonal identification subtest 

requires the child to judge the correctness of the 

examiners articulation; ( 2) the intrapersonal 

identification subtest requires the child to judge the 

correctness of his or her own articulation; ( 3) the 

interpersonal discrimination subtest requires the child to 

discriminate sounds in pairs of words spoken by the 

examiner; and ( 4) the intrapersonal discrimination subtest 

requires the child to compare his or her own articulation 

with that of the examiner. Significant correlations between 

all four perception tests and each of the production tests 

were found. The identification tests yielded higher 

correlations with the production tests than did the 

discrimination tests. The intrapersonal tests were more 

highly correlated with the production tests than were the 

interpersonal perception tests, but the test-retest 
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reliability coefficients for the interpersonal tests were 

low and nonsignificant ( percentage agreement = .' 24 and . 45) 

compared to the reliability coefficients for the 

intrapersonal tests ( percentage agreement = .83 and . 70). 

More recently, Morgan ( 1984) compared identification 

test scores obtained by preschool and school age children 

with either normal speech or a functional articulation 

disorder. The articulation disordered children in both age 

groups made significantly more errors than the children with 

normal speech, but the difference between groups was greater 

for preschool children. 

Weiner ( 1967) reviewed a large number of studies 

regarding the relationship between speech perception and 

speech production errors and concluded that the results of 

these studies were remarkably consistent, in view of the 

variation in the methods used for production and perception 

testing. Weiner ( 1967) drew two main conclusions from these 

studies: ( 1) speech discrimination ability improves with age 

to the eighth year; and ( 2) a relationship between speech 

production and speech perception errors appears to exist for 

preschool and primary grade children who have a relatively 

severe articulation disorder. 
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On the basis of a review of 16 studies published 

between 1931 and 1967, Wlnitz ( 1969) concluded that there 

was overwhelming support for a link between speech 

discrimination and speech production difficulties in 

children. Nine of eleven studies which compared normal 

children with articulation disordered children found 

significant between-group differences in speech 

discrimination ability. Both studies which employed a 

correlational approach found moderate to moderately high 

correlations between speech production and speech perception 

test scores. One study compared children with high and low 

speech perception test scores and found a large 

between-group difference in articulation ability. However 

only one of the three studies involving adults found a 

significant difference between normal speaking and 

articulation disordered subjects in speech perception 

ability. 

Other studies have found no relationship between speech 

perception and speech production skill. Aungst and Frick 

(1964) found no correlation between the performance of 

articulation disordered children on the Templin Test and 

their performance on the McDonald Deep Test of Articulation. 

Subsequently, McReynolds, Kohn, and Williams ( 1975) found 

that articulation disordered children were able to 
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discriminate features that they did not produce and that 

they performed almost as well as normal-speaking children on 

a test of speech sound discrimination. Waldman, Singh, and 

Hayden ( 1978) also applied a distinctive feature analysis to 

the articulation and discrimination responses of 

articulation disordered children and found no correlation 

between articulation and discrimination ability. 

In part, these inconsistent results may reflect the use 

of inappropriate test procedures in the studies noted above 

(Locke, 1980). Common procedural errors include: ( 1) the 

presentation of too few trials for a reliable assessment of 

the child's abilities with the particular sounds of 

interest, ( 2) the targeting of phonemes which are not 

related to the child's articulation errors, ( 3) the use of a 

discrimination procedure rather than an identification 

procedure, ( 4) the failure to consider individual 

differences among subjects, and ( 5) the use of live-voice or 

tape-recorded natural speech stimuli with unknown acoustic 

characteristics. 

Most studies regarding the relationship between speech 

perception and speech production ability measure perceptual 

skills with a standardized test. For example, the Templin 

(1957) was used by Aungst and Frick ( 1964), Cohen and Diehl 

(1967), and Sherman and Geith ( 1967), while Waldman et al. 
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(1978) used the Goldman-Fristoe--WOOdcOck ( 1970). However, 

all of the commonly used standardized speech perception 

tests present only one trial for each phoneme contrast 

tested. For this reason, the standardized " same-different" 

discrimination tests provide a particularly unreliable 

measure of the child's abilities, because the child has a 50 

percent chance of being correct on any given item. A 

greater number of trials per test item is required in order 

to control for such variables as fluctuationis in the child's 

attention and the test environment. 

Some authors have used non-standardized procedures 

which do present a sufficient number of trials per 

stimulus. For example, McReynolds et al. ( 1975) presented 

10 trials for each stimulus pair. However, since the 

stimulus pair was identical for each of the 10 trials, the 

consistency of the child's performance over varying 

linguistic or acoustic contexts could not be determined. 

Although it has been shown that children's speech 

perception errors are specific to the sounds that they 

misarticulate ( Monnin & Huntington, 1974), standardized 

speech perception tests tend to target phoneme contrasts 

which are irrelevant in terms of children's speech errors. 

Locke ( 1980) noted that the Goldman-FrlstoeWOodcock targets 

only 3 of the phonemic confusions which commonly occur in 



26 

children 's speech while the Templin test includes none of 

these phoneme contrasts. The non-standardized tests also 

target inappropriate phoneme contrasts. For example, the 

subjects' in the McReynolds at al. ( 1975) study all 

misarticulated In. However, the discrimination test used in 

this study contrasted In! and / 1/ in order to represent the 

anterior feature contrast despite the fact that the 

substitution of /w! for In is a common error while the 

substitution of /1/ for In/ rarely occurs. 

Many of the studies noted above ( e.g. Aungst & Frick, 

1964; McReynolds, Kohn, & Williams, 1975) used a 

"same-different" discrimination procedure.. However, an 

identification task is likely to be a more appropriate test 

of a child's speech perception abilities since 

discrimination performance may reflect a sensitivity to 

allophonic or incidental differences which are irrelevant to 

the discrimination of phonologically relevant differences 

(Monnin & Huntington, 1974; Locke, 1980). On this view, a 

speech perception test should measure the child's ability to 

discern differences between the adult surface form of the 

target phoneme and the child's own internal representation 

of this phoneme. 

It has also been suggested that discrimination tests 

provide a less sensitive test of young children's speech 
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perception abilities than other procedures ( Beving & Ebling, 

1973; Locke & Goldstein, 1971). Beving and Ebling ( 1973) 

compared children's ability to imitate pairs of nonsense 

syllables with their ability to discriminate these same 

syllable pairs. Both tasks were considered to test speech 

discrimination ability since it was assumed that the child 

could not correctly imitate a syllable pair without first 

discerning the difference between the syllables. While the 

six and seven year old children performed equally well on 

both tasks, the four year old children scored significantly 

better on the imitation task than on the " same - different" 

task. 

A further criticism is that while studies of children's 

speech perception skills have often treated the articulation 

disordered sample as a homogenous group, the population of 

children with a functional articulation disorder is 

heterogeneous ( Arndt, Shelton, Johnson, & Furr, 1977). 

Clearly, the failure to consider individual differences 

among subjects increases within-group variation and may mask 

performance differences between some subgroups of 

articulation disordered children and normal-speaking 

subjects. 

Finally, even when the perceptual measures are 

sufficiently precise, the use of natural speech stimuli with 
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poorly understood acoustic properties prevents an accurate 

characterization- of the child 's perceptual abilities. 

Careful control of the nonphonemlc properties of the stimuli 

is difficult when natural speech is used. Therefore, a 

minimal pair ( i.e. a pair of words differing in only one 

phoneme) may contain nonphonemic acoustic differences such 

as increased aspiration or pitch for one of the words 

relative to the other word in the pair. It is especially 

likely that the child is responding to these 

characteristics, rather than the phonemic differences of 

interest, when live-voice presentation of the stimuli is 

used ( e.g., Waldman et al, 1978). Even when the 

non-phonemic characteristics of the stimuli are held 

constant, it is difficult to know which phonemic aspects of 

the stimuli account for the child 's responses unless these 

acoustic cues are carefully manipulated, either through the 

use of synthetic speech or through electronic alteration of 

natural stimuli. For example, the / s/ - iei distinction 

considered in this thesis may be cued by spectral, duration, 

or intensity differences between the phonemes. McReynolds 

et al. ( 1975) used natural speech to test this contrast and 

found that the articulation disordered children performed 

almost as well as the normal speaking subjects. However, it 

is possible that differences between the groups were masked 

by a failure to determine how the children made their 
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Judgements about phoneme identity. The articulation 

disordered children in the McReynolds et al. ( 1975) study 

may have been able to do the task by basing their judgements 

on a few specific cues which happened to be present in the 

test stimuli, whereas normal speaking children can use a 

variety of alternative cues when making such Judgements 

about phoneme identity. 

When methodological concerns such as those discussed 

above are minimized in a carefully designed and well 

executed study, a positive relationship tends to appear 

between children 's speech perception and production skills. 

For example, Monnin and Huntington ( 1974) employed an 

identification task to assess normal-speaking and In 

misarticulating children's ability to identify words which 

contrasted ( 1) In! and /w!, ( 2) acoustically similar 

consonants, ( 3) acoustically dissimilar consonants, and ( 4) 

vowels. The children were presented with 28 trials for each 

test contrast. The articulation disordered children made 

significantly more errors on the words contrasting In and 

/w/ but performed similarly to normal-speaking children on 

all other contrasts. Normal-speaking children also 

performed significantly better than misarticulating children 

when the speech was distorted; this result was attributed to 

the ability to use residual information to identify words. 
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Broen, Strange, Doyle, and Heller ( 1983) administered 

production and perception tests to normally developing and 

articulation delayed three year old children. In order to 

assess the children's perception of approximant consonants, 

the children were required to identify synthetically 

produced versions of the words " rake", " lake", and " wake". 

Normal-speaking children made few errors on the perception 

test regardless of their ability to correctly produce the 

consonants. Many of the articulation disordered children 

performed as well as the normal-speaking children on this 

test, but some of these children had a great deal of 

difficulty with the task, resulting in significantly 

different variances between the two groups. 

Hoffman, Danilo'f-f, Bengoa, and Schuckers ( 1985) 

examined the ability of six year old children to 

discriminate and identify members of a synthetically 

produced continuum which varied from the word /rei/ to 

/wel/. A majority of the /r/-misarticulating children 

demonstrated poorer performance than the normal-speaking 

children on both the discrimination and identification 

tasks. 

Hoffman, Stager, and Daniloff ( 1983) assessed 

children's ability to identify children's correct and 
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incorrect productions of In and 1w!. While the 

normal-speaking and /r/-misarticulating groups identified 

correct productions of In! and 1w/ equally well ( although 

performance within the articulation disordered group showed 

greater variability), the /r/-misarticulating children 

responded differently to incorrect In! productions. The 

authors conclude that a subgroup of / r/-misarticulating 

children may categorize sounds along this continuum on the 

basis of non-standard, or subphonemic, acoustic cues. 

The inconsistency in the results of the studies cited 

above, coupled wi.th a lack of experimental support for the 

value of speech discrimination training in articulation 

therapy, have led many authors to question the relevance of 

interpersonal discrimination testing and training in the 

management of functional articulation disorders ( e.g., 

Aungst & Frick, 1964; McReynolds, Kohn, & Williams, 1975; 

Seymour, Baran, & Peaper, 1981; Shelton & McReynolds, 1979). 

However, these inconsistent results are most likely due to a 

number of methodological errors which are common to these 

studies. 

Those studies which addressed the methodological 

concerns discussed above have shown that the speech 

perception disorder demonstrated by articulation disordered 

children is a specific, rather than a general, deficit. 
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Speech perception tests must assess the child's ability to 

perceive specific phoneme contrasts which correspond to the 

child's sound substitution errors. It is also clear that 

only a subgroup of children with functional articulation 

errors demonstrates a concomitant speech perception 

disorder; therefore, it is critical that researchers 

consider individual differences when comparing the speech 

perception abilities of normal and misarticulating 

children. Finally, these studies have shown that the speech 

perception disorder which is associated with functional 

misarticulations is characterized by an inappropriate 

conceptualization of the acoustic cues which are associated 

with certain phonemes. Until recently, speech perception 

tests have been designed to determir)e whether the child 

could discriminate one phoneme from another. However, it is 

clear that speech perception tests should involve a 

systematic manipulation of the relevant acoustic cues in 

order to determine which cues form the basis for the child's 

phoneme categories. 

Studies which have followed this approach have shown 

very clearly that some /r/-misarticulating children have 

difficulty with the perception of glide contrasts. Some of 

these children are unable to identify In and /w! reliably. 

Other children are able to identify In! and /w! correctly 
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but appear to have innapropriate category boundaries for 

these phonemes, such that /w/- like distortions are 

identified as exemplars of the /r/ category. 

More studies are required in order to determine if 

articulation disordered children with other types of speech 

errors demonstrate similar difficulties with speech 

perception. Further research is also required in order to 

determine effective methods for the prevention and treatment 

of these perception and production difficulties. 

Speech Perception Training  

Despite the popularity of "ear training" procedures, 

suprisingly few studies have investigated the effectiveness 

of speech discrimination training in the remediation of 

production errors. ( A number of studies have examined the 

effectiveness of self-monitoring procedures but only studies 

concerned with " interpersonal" discrimination or 

identification will be considered here). Winitz and 

Bellerose ( 1967) provided speech discrimination training to 

four In misarticulating children. An identification task 

and programmed instruction techniques were used to teach the 

experimental group to discriminate /rw/ from In while the 

control group was taught to discriminate /rw/ from / 1/. One 

child in each group showed gains in In production ability 
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while the remaining two children did not. Winitz and 

Bellerose suggested that speech discrimination training is 

useful only when the child is able to produce the target 

phoneme correctly at least some of the time. 

Williamsand McReynolds ( 1975) investigated the 

influence of discrimination training on production and the 

influence of production training on discrimination. Two 

children received production training followed by a 

discrimination probe and then discrimination training 

followed by a production probe. The production training 

procedure was expected to produce a simulated production 

error which was then remediated with discrimination 

training. Two other children received discrimination 

training and a production probe followed by production 

training and a discrimination probe. In this case, the 

discrimination training procedure was expected to produce a 

simulated discrimination error which was then remediated 

with production training. The results showed that 

production training led to correct discrimination responses 

while discrimination training did not lead to correct 

production responses. 

However, this study contains several serious 

methodological difficulties. The perception and production 

training procedures were applied to simulated, rather than 
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actual, sound substitution errors. For example, one 

subject, who presented with substitution errors for the iS'i 

and / k/ phonemes, was taught to produce ISa/ in response to 

two different nonsense pictures. Williams and McReynolds 

(1975) state that this " was similar to a child with an 

articulation problem responding /wXY/ to pictures of a ring 

and a wing ( p. 403)". This is clearly a questionable 

assumption since /r/-misarticulating children who respond in 

the same manner to pictures of a ring and a wing have not 

been specifically taught to do so. 

This same child then learned to discriminate between 

the syllables iSa! and / ka/ by pointing to one picture in 

response to ISa! and the other in response to / ka/. In view 

of the results of the correlational studies discussed above, 

this is an inappropriate procedure. Although the child 

would be expected to have difficulty discriminating between 

iSi and her substitution for IS!, there is no reason to 

expect that she would have difficulty discriminating iSi 

from / k!. The children in this study did not receive any 

speech discrimination tests and thus it is possible that the 

subjects did not present with a speech perception disorder, 

in which case production improvements as a consequence of 

speech discrimination training could not be expected. 
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Shelton, Johnson, Ruscello, and Arndt ( 1978) examined 

the effect of listening training on the production ability 

of children with multiple articulation errors. Listening 

training was provided to the children by their parents five 

days a week for 57 sessions. One group received five minute 

ear training sessions designed to teach the child to 

identify the phonemes /5/v In, / k!, and If!. It is not 

clear whether the children in this study misarticulated 

these sounds, but it is reasonable to expect that three to 

four year old functional misarticulators would have 

difficulty producing at least some of these phonemes. The 

ear training procedures followed Van Riper's ( 1964) approach 

and were designed to teach the child to discriminate the 

error sound from the substituted sound. The parents of the 

second group read a story and discussed this story with 

their child for approximately 15 minutes per session. A 

third group received no training. 

This study is unusual in that the children received 

pre- and post-treatment auditory perception assessments. No 

between-group differences were found in the pre-treatment 

scores for the Goldman-Fristoe-Woodcock Test of Auditory 

Discrimination ( quiet subtest), the Auditory Association 

subtest of the Illinois Test of Psycholinguistic Abilities, 

or the phone identification and error recognition tests 
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designed specifically for this study. Unfortunately, no 

normative comparisons are offered, and it is not clear 

whether the children's pre-treatment perception test scores 

represent disordered speech perception skills. No 

significant differences between groups in post-treatment 

difference scores were found either, indicating that the ear 

training and reading-talking treatments were not adequate to 

improve the children's speech perception abilities, as 

measured by these tests. 

The post-treatment difference scores for the 

Templin-Darley Articulation Screening Test were 9.3 for the 

ear training group, 4.3 for the reading-talking group, and 

4.2 for the control group. While these mean change scores 

were found to be significantly different, no between-group 

differences were found in the post-treatment change scores 

for the McDonald Deep Tests of Articulation for the /s/, 

In, / k!, and If! phonemes. Shelton et al. ( 1978) conclude 

that these results do not support the clinical use of ear 

training procedures with functional misarticulators. 

These studies failed to demonstrate that speech 

discrimination training is useful in the remediation of 

articulation errors and consequently speech pathologists 

have recently been advised against the use of auditory 

training procedures in the treatment of functional 
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articulation disorders ( Seymour, Baran, and Peaper, 1981; 

Shelton & McReynolds, 1979). However, several methodological 

factors may account for the negative findings of these 

studies. The most serious -flaw is that the children 

received no speech perception test or an inadequate speech 

perception test prior to the initiation of perception 

training, and consequently the subjects in these studies may 

well have had normal speech perception abilities. As noted 

above, not all articulation disordered children have a 

concomitant perceptual disorder. Speech discrimination 

training would not be expected to have a positive influence 

on production ability in cases where the child does not have 

a speech perception problem. 

Secpndly, only Winitz and Bellerose ( 1967) targeted 

phonemes relevant in terms of the child 's articulation 

error. However, Winitz ( 1975) recommends that speech 

perception and speech production training be structured in 

order to contrast distinctive features. This procedure is 

problematic because there is not a one to one relationship 

between distinctive features, which form a psychological 

representation of phonemes, and the physical articulatory or 

acoustic correlates of phonemes ( Foster, Riley, and Parker, 

1985; Parker, 1977). Parker ( 1976) has shown that the 

failure to distinguish between distinctive features and the 
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physical correlates of those features leads to the 

application of inappropriate treatment approaches to the 

remediation of speech errors. For example, McReynolds and 

Bennett ( 1972) taught a child to produce voiced consonants 

in the word initial position with the expectation that this 

training would generalize to the production of voiced stops 

in the word final position. The expected generalization did 

not occur; Parker ( 1976) notes that this result should not 

have been unexpected, since the articulatory correlates of 

voicing in the word initial position are largely different 

from the articulatory correlates of voicing in the word 

final position. Many of the studies discussed above 

strongly suggest that children's speech perception errors 

are caused, in part, by a failure to attend to the critical 

acoustic cues which characterize the misperceived phonemes. 

Consequently, speech perception training should involve 

varying and contrasting the relevant acoustic cues, rather 

than the distinctive features. 

Finally, these studies used live voice or recorded 

natural speech presentations of the training stimuli, for 

which no effort to control subphonemic aspects of the 

stimuli is apparent. Consequently, the children's responses 

during training may not have been based on the critical 

differences between the phoneme pairs. For example, the 
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children in the Shelton et al. ( 1978) study may have 

learned to differentiate / s! and 101 on the basis of the 

visual cues provided by their parents during training, thus 

accounting for their failure to significantly improve their 

scores on perception tests where these visual cues were not 

available to the child. 

Summary and Rationale for the Current Work  

Although the nature of the relationship between speech 

perception and speech production has been conceptualized in 

a number of different ways, research with normally 

developing children strongly supports the view that speech 

perception develops in advance of speech production ability, 

at least for some phoneme contrasts. Research with 

articulation disordered children shows that some /r/ 

misarticulating children demonstrate considerable difficulty 

with the perception of glide contrasts. Further research is 

required to determine if children with other kinds of 

substitution errors demonstrate similar speech perception 

difficulties. Thus far, studies regarding the effectiveness 

of ear training procedures have not supported the use of 

these procedures in the remediation of articulation errors. 

However, because these studies are characterized by a number 

of methodological errors, further investigation of this 
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question is required. 

The studies to be described in the next three chapters 

were designed to examine the relationship between speech 

perception and speech production ability while minimizing 

the methodological difficulties of previous work. 

Experiment 1 compared the ability of normal speaking and 

misarticulating children to identify the fricatives Is/ and 

IS!. Speech perception ability was tested with a word 

identification procedure in which each test stimulus was 

presented at least ten times, to ensure that a reliable 

measure of the child's perceptual ability was obtained. The 

perception test targeted a phoneme contrast which 

corresponded to one of the child's sound substitution 

errors. The test and training stimuli were synthetically 

produced so that the acoustic characteristics of the stimuli 

could be carefully controlled. The critical spectral, 

duration, and amplitude characteristics of the fricative 

portions of the stimuli were systematically varied while 

other acoustic characteristics of the stimuli were held 

constant. It was expected that at least some articulation 

disordered children would have difficulty identifying 

stimuli which contrast these fricatives, while adults and 

normal speaking children would not. It was also expected 

that the relative importance of the spectral, duration, and 
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amplitude cues in the identification of these stimuli would 

differ as a function of subject group. 

A second experiment, similar to the first, was 

conducted in order to examine the ability of normal-speaking 

and misarticulating children to identify stimuli which 

contrast the /s/ and /0/ phonemes. The second contrast was 

examined because the role of auditory perception in the 

development of articulation skills may vary depending on the 

particular phoneme being learned ( Edwards, 1974; McDonald, 

1964). For example, McDonald ( 1964) has suggested that the 

pattern of auditory, tactile, and proporioceptive sensation 

associated with sound production may vary with the type of 

phoneme being articulated: auditory feedback may be 

especially important in the control of /S/ production, which 

involves minimal contact between articulators, while tactile 

feedback may be dominant in the control of iOi production, 

which involves considerable contact between articulators. 

On this view, children who substitute /5/ for IS! may be 

more likely to present with a concomitant speech perception 

disorder than children who substitute /0/ for Is!. 

Experiment 3 examined the effect of speech perception 

training on children 's ability to learn to produce these 

fricatives correctly. The children who participated in this 

experiment received a speech perception test both before and 
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after speech perception training. The children were taught 

to identify stimuli which contrasted the target phoneme and 

the substituted phoneme. The training procedure involved 

systematic reductions in the acoustic difference between the 

pair of stimuli presented to the child at each phase. A 

single-subject design which permits the use of randomization 

tests was used so that individual differences in response to 

the treatment program could be examined. Speech production 

improvements were expected only for children who 

demonstrated pre-treatment difficulty with both speech 

perception and speech production and who improved in speech 

perception skills for the target phoneme. 
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CHAPTER TWO 

Experiment 1 

Perception and Production of Is/ and iSi 

Introduction  

The purpose of this study was to examine the ability of 

normally developing and articulation disordered children to 

identify words which began with the fricatives is/ and i5i. 

Although the substitution of /s/ for iS, is one of the most 

frequently occurr.ing misarticulations in the speech of first 

grade children, this phoneme contrast is tested by few of 

the available standardized tests of speech perception 

ability ( Locke, 1980). Summarizing normative data from 

several studies conducted between 1934 and 1958, Sander 

(1972) reported that 50 percent of children aged three and a 

half years have mastered the i3'i sound while 90 percent of 

seven year old children have mastered this phoneme. 

Olmstead ( 1934) reported that 75 percent of four year old 

children produce this sound correctly. Some recent small 

sample studies suggest that many children master this sound 

between the ages of three and four years ( Ingram, 

Christensen, Veach, and Webster, 1980; Irwin and Wing, 

1983). In addition, there is evidence that normal children 
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are able to identify the Is/ and i5'i phonemes correctly by 

age four ( Phatate & Umano, 1981), although there is also 

evidence that this is a relatively difficult perceptual 

contrast for preschool 6hildren ( Graham & House, 1970). 

Although a clear acquisition age has not been determined for 

this sound, it appears that most five year old children can 

be expected to articulate this phoneme correctly and 

consistently; thus, children aged five to six years were 

chosen to participate in this study. 

Speech perception ability was measured with a word 

identification procedure, using synthetically produced 

stimuli. The spectral, amplitude, and duration 

characteristics of the fricative portions of the stimuli 

were systematically manipulated, while all other aspects of 

the stimuli were carefully controlled. One stimulus set, a 

seven point continuum varying from the word " seat" to the 

word " sheet", was developed to test the subjects' ability to 

categorize a number of different exemplars of the phonemes 

/5/ and IS, on the basis of their spectral characteristics. 

Based on the results of studies of the perceptual skills of 

In misarticulators, it was expected that at least some 

articulation disordered children would demonstrate an 

inability to identify the stimuli appropriately. However, 

adults and normal speaking children were expected to be able 
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to classify the stimuli without difficulty, since Phatate 

and Umano ( 1981) found that normal perception of these 

phonemes is attained by age four. 

Since it has been shown that fricative identity may be 

cued by the spectral, duration, and amplitude 

characteristics of the frication portion of the stimulus 

(e.g., Abbs & Minnifie, 1969), a second stimulus set, 

involving systematic manipulation of these acoustic cues, 

was included. Research with normal children shows that 

speech perception development involves a progressive 

increase in the number of cues which can be used to make 

phoneme identifications ( e.g., Bernstein, 1983). In 

addition, research with In misarticulators suggests that 

some articulation disordered children base their phoneme 

identifications on inappropriate or unreliable acoustic cues 

(e.g., Hoffman et al., 1983). Therefore, differences between 

groups with respect to the relative importance of the 

spectral, duration, and amplitude cues to fricative identity 

were also expected. For example, it might be found that 

articulation disordered children rely exclusively on the 

duration cue when making Is/ and iSi identifications, while 

normal children and adults use both the spectral and 

duration cues to make their judgements about phoneme 

identity. 
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Method 

Procedure 

All children received a hearing screening at the 

frequencies . 5, 1, 2, 4, and B kHz, presented at 25 dB SPL. 

In addition, they received the Goldman-Fristoe Test of 

Articulation (OF; Goldman & Fristoe, 1972) and a Sound 

Production Task ( SPT; Elbert, Shelton, & Arndt, 1967) for 

the /5/ phoneme. Most children also received a SPT for the 

/si phoneme. 2 Finally, each child received the Word 

Identification Test ( WIT) for the / s! - /S/ contrast. These 

tests were administered to each child in one 45 to 60 minute 

session in a reasonably quiet room in a health unit. 

A two-alternative -forced choice procedure was used to 

assess the child's ability to identify the WIT stimuli, 

which were presented on audiotape with an interstfmulus 

interval of 4 seconds. The child was first presented with 

pictures representing the words " seat" and " Pete" and 

instructed to point to the picture matching the word spoken 

by the examiner. After four consecutive correct responses, 

the child was taught to perform the same task with the first 

two practice blocks on the WIT stimulus tape. After 

obtaining a score of 80% correct on each- of these practice 
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blocks, the child was presented with the remaining blocks of 

stimuli along with the appropriate pair of pictures. The 

child was corrected for each incorrect response during 

practice blocks. Testing was discontinued for any child who 

obtained a score of less than 80% correct on any practice 

block. 3 All responses to test stimuli were acknowledged by 

the examiner with remarks such as " ok" or " good pointing". 

The child received a token after each block and these tokens 

were exchanged for a small gift at the end of the session. 

The procedure was similar with adults except that they 

were required to circle the appropriate letter ( i.e. " p" for 

"pick") in response to each stimulus. 

Stimuli  

The Word Identification Test for the Is! - iSi contrast 

consisted of three sets of stimuli synthesized as described 

in the Appendix. The first stimulus set formed a seven point 

continuum, ranging from the word " seat" at one extreme of 

the continuum to the word " sheet" at the opposite end of the 

continuum. Each stimulus in the continuum began with 100 ms 

of frication noise followed by initial formant transitions 

and a steady-state portion ( 150 msec), and ending with final 

formant transitions and a release burst ( 55 msec). The 

amplitude and duration of the fricative portions of the 
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stimuli were held constant, but the spectral characteristics 

were varied so that the major amplitude peak of the noise 

portion decreased from 4875 Hz for stimulus 1 ( seat) to 2833 

Hz for stimulus 7 ( sheet). 

A second stimulus set, consisting of four pairs of 

stimuli, was included in order to determine if the subjects 

could identify the stimuli on the basis of their spectral 

characteristics alone, and to assess the effect of increased 

amplitude or duration of "5" frication on the identification 

of these phonemes. These stimulus pairs were created by 

modifying the amplitude and duration characteristics of the 

fricative portions of the most extreme " seat" ( i.e. stimulus 

1) and the most extreme " sheet" ( i.e. stimulus 7) from the 

continuum described above. The fricative portion of the 

"sheet" stimulus in each pair was held constant in all 

cases, with duration 110 ms and average amplitude 36 dB. 

The amplitude and duration of the " s" noise for pair 1 was 

unchanged ( i.e. duration = 110 ms, amplitude = 36 dB). For 

pair 2 the amplitude of the " s" noise was increased to 46 

dB, while the duration was unchanged. For pair 3, the 

amplitude remained at 36 dB, while the duration was 

increased to 166 ms. For pair 4, both amplitude and 

duration was increased to 46 dB and 166 ms respectively. 

The third stimulus set consisted of two pairs of words 
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used to give the children practice at the word 

identification task. One practice pair contrasted the word 

"seat" ( stimulus 1 of the continuum) with the word " Pete". 

The second practice pair contrasted the word " sheet" 

(stimulus 7 of the continuum) with the word " Pete". The 

"Pete" stimulus is described in the Appendix. 

The stimuli were output using a 12-bit D/A converter of 

a PDP-11/23+ computer, low-pass filtered at 4800 Hz, and 

recorded on audiotape ( Maxell XLIX) using a Revox BV71O MkII 

recorder. The tape contained several blocks of trials 

arranged in the following order ( the number of trials per 

block is shown in brackets): practice pair 1 ( 10), practice 

pair 2 ( 10), continuum ( 28), practice pair 1 ( 10), continuum 

(28) , practice pair 2 

pair 2 ( 10), endpoint 

practice pair 1 ( 10) 

(10), endpoint pair 2 

(10), endpoint pair 1 

pair 3 ( 10) , endpoint 

endpoint pair 4 ( 10), 

(10), endpoint pair 1 

(10), endpoint 

pair 4 ( 10), 

endpoint pair 3 

(10), practice 

pair 2 ( 10), continuum ( 28), practice pair 1 ( 10), continuum 

(28). The order of the stimuli was randomized within each 

block. The interstimulus interval within blocks was 4 

seconds and the interval between blocks was approximately 10 

seconds. 

During testing, the stimuli were played using a Sony 

WM-D6C playback system for monaural presentation to subjects 
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over TDH-49P headphones at the level of 85 dB SPL. 

Subjects 

Three groups of subjects were tested: normal adults, 

normal children, and articulation disordered children. The 

adult group contained six -female and four male university 

students, aged 20 to 50 years ( mean age 27 years). All 

adult subjects declared English to be their native language 

and indicated that they had no history of speech or hearing 

disorders. None demonstrated articulation errors in 

conversation with the examiner. All adults were paid for. 

their participation. 

Children in the normal group were referred by community 

health nurses. All were five years of age and were reported 

to have normal hearing and to be free of speech, language, 

or developmental delays. Six female and six male children, 

aged 4 years - 8 months to 5 years - 11 months ( mean age 5 

years - 4 months) were served as subjects. All of these 

children passed the hearing screening and demonstrated 

age-appropriate articulation skills. The number of phonemes 

misarticulated in at least two word positions on the SF 

ranged from 0 to 2 ( N = .75). The SPT scores ranged from 67 

to 1007. correct (11 = 907.) for the /3'! phoneme and from 50 to 

1007. correct ( H = 957.) for the Is! phoneme. 
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Children in the articulation disordered group were 

refer-red by community health speech- language pathologists. 

All were approximately five years of age with records 

indicating the following: ( 1) functional articulation 

disorder- ( the children demonstrated at least one age 

inappropriate misarticulation and presented with no organic 

deficit such as a hearing impairment, oral-motor disorder, 

or structural abnormality), ( 2) English as the native 

language, and ( 3) normal language skills. Ten male and two 

female children, aged 4 years - B months to 6 years - 0 

months ( mean age 5 years - 4 months) met these criteria. 

All of these chi-ldren passed the hearing screening and were 

reported to have normal receptive language skills. 4 The 

number of phonemes misarticulated in at least two word 

positions on the CF ranged from 4 to 10 (N = 6.4). The 

scores on the SPT for the iS! phoneme ranged from 0 t. 1007. 

correct (N = 35.67.). Un-For.tunately, the SPT for the is/ 

phoneme was not administered to all of these children. 

However, those children who did not receive this test 

appeared to have consistently correct articulation of Is/ in 

conversation. The number of phonemes misarticulated in at 

least two word positions on the GF, the SPT scores for i5'i 

and Is!, and the most frequently occurring substitutions 

observed on the SPTs, are presented for each articulation 

disordered child in Table 1. 
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Table 1  

Summary Production Test Results for each of the 

Five Year Old Articulation Disordered Children 

SF2 SPT - iS!3 SPT - 

Subject Age' Number Percent Modal Percent Modal 
of Errors Correct Error Correct Error 

Sound Sound 

1. 5-10 5 97  

2 5-1 5 43 /s/ - 

3 5-10 4 100 - - 

4 6-0 . 9 0 /t, 0 /t, 

5 5-3 4 0 /s! 100 

6 5-0 10 77 Is! 67 D** 

7 5-7 6 17 /s! 50 D 

B 5-B 4 0 D 0 

9 4-9 8 90 /ts! 83 I-Fl 

10 5-10 5 93 D 0 /01 

11 4-8 10 0 /0! 0 i0i 

12 5-0 7 10 /s! 97 D 

Notes: *In di cates that a modal substitution was not 

observed. Indicates that the SPT was not administered. 

**Indicates that the phoneme was distorted. 

1. Age at time of testing in years-months ( i.e. 10-5 

10 years, 5 months). 
2. SF = Goldman-Fristoe Test of Articulation. 
3. SPT = Sound Production Task. 
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Results 

Stimulus Set One 

The number of " seat" responses for each of the seven 

stimuli in the continuum was calculated to obtain the 

identification function for each subject. The mean 

identification functions obtained for the three subject 

groups are displayed in Figure 1. The identification 

functions for the adults and normal children show that these 

subjects were able to identify the stimuli in this continuum 

appropriately and reliably. Examination of the functions 

for j,,dividual subjects shows that the adults and normal 

children were remarkably similar in their identification 

performance, while the articulation disordered children were 

much more variable in their performance. Five articulation 

disordered children identified the stimuli in a manner 

similar to that seen for normal children. The 

identification functions provided by these children are 

shown in Figure 2. However, seven articulation disordered 

children were clearly unable to identify the stimuli 

appropriately. The Identification functions provided by 

these children are shown in Figure 3. 
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Figure 1. Mean number of ' seat's responses by adults, 

normal speaking children, and articulation disordered 

children with the /sit/ - /Sit/ continuum of Experiment 1. 
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-five of the articulation disordered subjects with 

the /sit/ - /Sit/ continuum ofExperiment 1. 



57 

Nu
mb

er
 of

 s
 Re
sp

on
se

s 
Nu

mb
er

 o
f s
 Re
sp

on
se

s 

16 

14 

12 

10 

Subject 6 Subject 7 

14-

12-

10-

8— 4 8— 

Subject 8 

8-

6— 6— 6-

4— 4— 4-

2— 2— 2-

0 I I I I I I 0 I I I I I I 0 I I I I 

1234567 1234 S 67 1234S67 
Stimulus Stimulus Stimulus 

Subject 9 Subject 10 

16— 16 1 

14— 14 N/\ 14-

12 12— 12— 

I I I 0 I I I I I I 0 I I I I I I 

234567 1234567 1234567 
Stimulus Stimulus Stimulus 

Subject 12 

16— 

14— 
(A 

• 12 

V. 

8-

0 
1 234567 

Stimulus 

Subject 1 1 

Figure 3. Deviant identification functions observed for 
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The adult and normal child functions were found to be 

significantly different ( p = .007, by randomization test), 

as were the normal child and articulation disordered child 

functions ( p = .026, by randomization test). The adult and 

articulation disordered child functions were most distinct 

(p = .002, by randomization test). 5 

The mean identification functions show that the 

children were strongly biased towards making / s! responses. 

In order to assess between-group differences in sensitivity 

independently of this bias, the subjects' responses were 

converted to A' scores, using the variation of McNichol's 

(1972) procedure described by Jamieson and Morosan ( 1986). 

For each subject, the proportion of Is/ responses to stimuli 

1 and 2 was used to calculate the " hit rate", while that 

subject's proportion of /s/ responses to stimuli 6 and 7 was 

used to calculate the " false alarm rate". The mean A' 

scores for the three groups were found to be significantly 

different by one-way analysis of variance (F(2,31) = 11.16, 

p = . 0003, by randomization test). The adults were 

significantly more accurate in their identifications than 

either normal children (t(20) = 2.42, p = .014, by 

randomization test, one-tailed) or articulation disordered 

children ( t(20) = 3.58, p = .0004, by randomization test, 

one-tailed). As well, normal children were more accurate 
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than the articulation disordered children ( t(22) = 3.16, p = 

.002, by randomization test, one-tailed). 

Stimulus Set Two 

The mean number of correct responses given by each 

group for each of the four stimulus pairs is given in Table 

2. A split-plot factorial analysis of variance revealed 

significant between-group differences in performance 

(F(2,31) = 6.08, p = .004, by randomization test). Adults 

did not perform significantly better than normal children 

with this stimulus set ( t(20) = .89, p = .23, by 

randomization test, one-tailed). However, adults and normal 

children performed significantly better than articulation 

disordered children, t(20) = 2.56, p = .017, and t(22) = 

2.49, p = .01, respectively ( by randomization test, 

one-tailed). There were no significant differences in 

performance as a function of stimulus pair. 

Discussion 

These results show that adults, normal children, and 

some articulation disordered children can identify synthetic 

versions of the words " seat" and " sheet" on the basis of the 

spectral characteristics of the fricative portions of the 



Table 2  

Mean Number of Correct Identi-fication Responses 

(out of 20) with Stimulus Set Two in Experiment 1 

Endpoint Pair 

Group 1 2 3 4 Total 
=amplitude +amplitude ' amplitude +amplitude 

=duration =duration +duratjon =duration 

Adults 

Normal 
Children 

Articulation 
Disordered 
Children 

All Groups 

19.9 

19.2 

17.5 

18.8 

19.6 

19.6 

19.7 

19.3 

16.5 17.3 

18.5 18.7 , 

19.5 

19.5 

17.8 

18.9 

78.7 

77.6 

69.1 

74.92 

Note: The ampl'itude and duration of the noise portion of the 
"seat" stimulus relative to the noise portion of the " sheet" stimulus 
is as follows: ( 1) amplitude and duration are the same; ( 2) amplitude 
is greater, duration is the same; ( 3) duration is greater, amplitude 
is the same; (4) both amplitude and duration are greater. 
Maximum score per pair = 20. 

/ 
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stimuli alone. Variations in the amplitude and duration of 

the fricative portions of the stimuli did not influence the 

subjects responses. This result may be due to the 

subjects overall high level of performance or it may be 

that non-spectral variations in -Fricative noise do not 

normally play a role in the identification of the /5/ and 

in phonemes. In addition, the amplitude and duration 

manipulation employed here may have been inappropriate. 

Although /s/ is reported to be more intense and longer in 

duration than other fricatives in general ( Abbs & Minni-fie, 

1969) there is evidence that iSi is more intense than /s/, 

at least when produced in isolation ( Strevens, 1960). 

Although the adults and normal children performed 

similarly with the second stimulus set, the normal children 

were more likely than adults to make " seat" responses to 

stimuli at..the " sheet" end of the continuum. Provided that 

this does not reflect some sort of response bias, it appears 

that the children have a wider category boundary which is 

- placed further away from the /5/ end of the continuum than 

the adult category boundary. This result is consistent with 

the findings of studies which examined the ability of 

children to identify voiced and voicless English stops 

(Krause, 1982a; Zlatin and Koenigsknecht, 1975). This 

finding points to the importance of including a range of 
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stimuli which represent the phonemes of interest on speech 

perception tests. If the present test had included only the 

extreme tokens of " seat" and " sheet" a difference between 

normal child and adult performance would not have been 

seen. This finding also highlights the gradual and 

continuous nature of speech perception development in 

children. 

In contrast to the normal children, 7 of 12 

articulation disordered children were unable to classify 

these stimuli in the continuum reliably. In addition, 

performance remained poor for these children even when the 

contrast between the stimuli was enhanced by increasing the. 

duration and amplitude of the noise portion of the " seat" 

stimulus relative to that of the " sheet" stimulus. Some 

children responded " seat" to almost -all of the stimuli,. 

while others responded in an apparently random manner. It 

is not clear whether these different response patterns 

respresent differences in the way the children perceived the 

stimuli or differences in the way the children responded to 

a difficult test situation. However, it is clear that 

children with a functional articulation disorder can be 

categorized into at least two subgroups ( those with speech 

perception difficulties and those with normal speech 

perception skills). This result reinforces the importance 
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of examining the response patterns of individual subjects, 

especially when dealing with clinical populations. 

While no subject characteristic could be identified 

which would consistently differentiate the articulation 

disordered children who obtained deviant identification 

functions from those who obtained normal -Functions, there 

were some differences between these subgroups of 

misarticulators. First, all seven children who obtained 

deviant functions substituted a fricative or a 

fricative-type distortion for ISI while only 2 of the 

children with normal functions demonstrated this error 

pattern. In addition; all seven of the children with speech 

perception difficulties misarticulated both iS', and is/ 

while four of the five children with normal perceptual 

ability produced the is/ sound correctly. Finally, on 

average, children with normal functions made fewer errors on 

the GF ( N = 5.4) than children who failed the identification 

test ( H = 7). 

These results provide clear support for the hypothesis 

that some articulation disordered children present with a 

concomitant perceptual disorder. However, this relationship 

between speech production and speech perception errors may 

not exist for all phoneme contrasts. Therefore, a second 

experiment was conducted in order to determine if 
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misarticulating children demonstrate di-F+iculty with the 

identification of the / s/ and iei phonemes. 



65 

CHAPTER THREE 

Experiment 2 

Perception and Production of Is! and  

Introduction 

The purpose of this experiment was to examine the 

ability of normally developing and articulation disordered 

children to identify words which began with the / s! and // 

phonemes. The substitution of / 9/ for Is/ is another very 

common speech error which is not tested by any of the common 

standardized tests of speech perception ability ( Locke, 

1980). Data from large-sample studies suggest that at least 

75 percent of 6 year old children produce both of these 

phonemes correctly and consistently ( Ingram et al., 1980; 

Sander, 1972). Based on this information, it was expected 

that normal speaking seven year olds would correctly produce 

the /s/ phoneme, and that articulation disordered children 

of this age would misarticulate this sound; thus, children 

aged seven to eight years were chosen to participate in this 

study. 

Speech perception ability was measured with a word 

identification procedure, using synthetically produced 

stimuli,. The spectral, amplitude, and duration 
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characteristics of the fricative portions of the stimuli 

were systematically manipulated, while all other aspects of 

the stimuli were carefully controlled. One stimulus set, a 

seven point continuum varying from the word " sick" to the 

word " thick", was developed to test the subjects' ability to 

categorize a number of different exemplars of the phonemes 

/5/ and // on the basis of their spectral, duration, and 

amplitude characteristics. Based on the results of 

Experiment 1, it was expected that at least some 

articulation disordered children would demonstrate an 

inability to identify the stimuli appropriately. While the 

age at which the perception of Is/ and iei is mastered is 

unclear, many studies 

perception skills, as' 

complete by age seven 

suggest that the development of speech 

measured by traditional tests, is 

or eight years ( Weiner, 1967). 

Therefore, adults and normal speaking children were expected 

to be able to classify the stimuli reliably, although 

differences between adults and normal children similar to 

those found in Experiment 1 were expected. To be more 

specific, it was expected that normal children would 

demonstrate a bias towards making /5/ responses to the 

stimuli in the continuum. 

A second stimulus set, involving systematic 

manipulation of the spectral, amplitude, and duration 
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characteristics of the fricative portions of the stimuli, 

was included; and again, differences between groups with 

respect to the relative importance of these cues to 

fricative identity were expected. Although these 

differences were not found in Experiment 1, the amplitude 

and duration differences between Is/ and iS! are less marked 

than the amplitude and duration differences between is! and 

/9/. Therefore, itis more likely that differences between 

groups in their response to these cues will be found with 

this contrast, since these cues may play a more critical 

role in the identification of these phonemes. 

Method  

Procedure 

All children referred received a hearing screening, the 

Goldman-Fristoe Test of Articulation ( GF; Goldman & Fristoe, 

1972), Sound Production Tasks ( SPT; Elbert, Shelton, & 

Arndt, 197) for Is! and I/, and the Word Identification 

Test ( WIT). 2 These tests were administered to each child in 

one 45-minute session, typically in a quiet room within the 

child 's school. Eight of the children with normally 

developing speech were tested in a room which had a higher 

level of background noise than the rooms used to test the 
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other subjects, since the only room available for testing in 

their school was adjacent to the gymnasium. 

A two-alternative forced choice procedure was used to 

assess each child 's ability to identify each of the WIT 

stimuli, which were presented on audiotape with an 

interstimulus interval of 4 seconds. The child was first 

presented with pictures representing the words " sick" and 

"pick" and instructed to point to the picture matching the 

word spoken by the examiner. After four consecutive correct 

responses, the child was taught to perform the same task 

with the first two practice blocks on the WIT stimulus 

tape. If the child obtained a score of at least 80% correct 

on each of these practice blocks, the remaining blocks of 

stimuli, along with the appropriate pair of pictures, were 

presented. Children were told that the words were produced 

by a computer, and warned that some of the words would be 

difficult to identify; they were instructed to determine if 

each test stimulus sounded more like " sick" or more like 

"thick", and to respond by pointing to the picture that 

matched the word they heard. The child was corrected for 

each incorrect response during practice blocks. Testing was 

discontinued for any child who obtained a score of less than 

80% correct on any practice block. 6 All responses to test 

stimuli were acknowledged by the examiner with remarks such 
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as " ok" or " good pointing". The child received a token 

after each block; these tokens were exchanged for a small 

gift at the end of the session. 

Stimuli 

The Word Identification Test for the the /sf - /0/ 

contrast consisted of three sets of stimuli synthesized as 

described in the Appendix. The first stimulus set -formed a 

seven point continuum ranging from the word " sick" at one 

extreme of the continuum, to the word " thick" at the 

opposite end of the continuum. Each stimulus in the 

continuum began with a frication noise of varying duration, 

followed by initial -formant transitions and a steady-state 

portion ( 100 msec), and ending with a release burst ( 55 

msec). The noise portion of stimulus 1 (" sick") contains a 

prominent spectral peak at 5433 Hz, while the fricative 

portion of stimulus 7 (" thick") has a much flatter spectrum, 

with a small amplitude peak at 7800 Hz. The duration of the 

noise portion was varied in linear steps from 141 ms for 

stimulus 1 to 80 ms for stimulus 7. The amplitude of 

frication was varied in linear steps from 35 dB for stimulus 

1 to 17 dB for stimulus 7. 

A second stimulus set, consisting of four pairs of 

stimuli, was included in order to determine if the subjects 
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could identify the stimuli on the basis of their spectral 

characteristics alone, and to assess the effect of decreased 

amplitude or duration of " th" frication on the 

identification of these phonemes. These stimulus pairs were 

created by modifying the amplitude and duration 

characteristics of the fricative portions of the most 

extreme " sick" ( i.e. stimulus 1) and the most extreme 

"thick ( i.e. stimulus 7) from the continuum described 

above. The fricative portion of the " sick" stimulus in each 

pair was held constant in all cases, with duration = 141 ms 

and amp'litude = 35 dB. The amplitude and duration of the 

"th" noise for pair 1 was unchanged ( i.e. duration = 141 ms, 

amplitude = 35 dB). For pair 2, the duration of the " th" 

noise was decreased to 80 ms while the amplitude was 

unchanged. For pair 3, the duration remained at 141 ms 

while the amplitude was decreased to 25 dB. For pair 4, 

both amplitude and duration was decreased to 25 dB and 141 

ms, respectively. 

The third stimulus set consisted of two pairs of words 

used to give the children practice at the word 

identification task. One practice pair contrasted the word 

"sick" ( stimulus 1 of the continuum) with the word " pick". 

The second practice pair contrasted the word " thick" 

(stimulus 7 of the continuum) with the word " pick". The 
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"pick" stimulus is described in the Appendix. 

The stimuli were output using a 12-bit D/A converter on 

a PDP-11/23+ computer, low-pass filtered at 8000 Hz, and 

recorded on audiotape ( Maxell XLII) using a Revox BV71O MkII 

recorder. The tape contained several blocks of trials 

arranged in the following order ( the number of trials per. 

block is shown in brackets): practice pair 1 ( 10), practice 

pair 2 ( 10), continuum ( 28), practice pair 1 ( 10), continuum 

(28), practice pair 2 ( 10), endpoint pair 1 ( 10), endpoint 

pair 2 ( 10), endpoint pair 3 ( 10), endpoint pair 4 ( 10), 

practice pair 1 ( 10), endpoint pair 4 ( 10), endpoint pair 3 

(10), endpoint pair 2 ( 10), endpoint pair 1 ( 10), practice 

pair 2 ( 10), continuum ( 28), practice pair 1 ( 10), continuum 

(28). The order of the stimuli was randomized within each 

block. The Interstimulus interval within blocks was 4 

seconds, while the interval between blocks was approximately 

10 seconds. 

The stimuli were replayed using a Sony WM-DC playback 

system for monaural presentation to subjects over AKG 240 

headphones at the level of 83 dB SPL. 

Subjects 

Three groups of subjects were tested: normal adults, 
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normal children, and articulation disordered children. The 

adult group contained five -Female and -Five male university 

students, aged 17 to 29 years ( mean age 21 years). All 

adult subjects declared English to be their native language 

and indicated that they had no history of speech or hearing 

disorder. None demonstrated articulation errors in 

conversation with the examiner. All adults were paid for 

their participation. 

Children in the normal group were referred by 

teachers. All were seven years of age and were reported to 

have normal hearing and to be free of speech, language, or 

developmental delays. Eight female and five male children, 

aged 6 years - 10 months to 7 years - 11 months ( mean age 7 

years - 4 months) were served as subjects. All of these 

children passed the hearing screening and demonstrated 

age-appropriate articulation skills. The SPT scores ranged 

from 93 to 1007. correct ( N = 98.27.) for the Is/ phoneme and 

from 80 to 1007. correct ( N = 92.87.) for the /0/ phoneme. 

Children in the articulation disordered group were 

referred by speech- language pathologists. All were 

approximately seven years of age, with records indicating 

the following: ( 1) functional articulation disorder, ( 2) 

English as the child's first language, and ( 3) normal 

language skills. Seven male and two female children with a 
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-functional articulation disorder, aged 6 years - 7 months to 

8 years - 2 months ( mean age 7 years - 5 months) 

participated. All of these children passed the hearing 

screening and were reported to have normal receptive and 

expressive language skills. The number of phonemes 

misarticu].ated in at least two word positions on the SF 

ranged from 1 to 6 ( N = 2.8). The SPT scores ranged from 0 

to 1007. correct ( N = 36.27.) for the Is/ phoneme and from 0 

to 1007. correct (H = 717.) for the iei phoneme. The number 

of phonemes misarticulated in at least two word positions on 

the SF, the SPT scoresfor Is! and /e/, and the most 

frequently occuring substitutions observed on the SPTs, are 

presented for each articulation disordered child in Table 3. 

Results  

The test scores were analyzed in the manner described 

for the " seat-sheet" test, in Experiment 1. 

Stimulus Set One 

The mean identification functions for the three subject 

groups are shown in Figure 4. All adults and all but three 

of the normal children were able to identify the stimuli in 

the continuum appropriately, although it is clear that the 
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Table 3  

Summary Production Test Results for each of the 

Seven Year Old Articulation Disordered Children 

OF2 SPT - SPT - 

Subject Age 1 Number Percent Modal Percent Modal 
of Errors Correct Error Correct Error 

Sound Sound 

1 7-2 2 47 D* 90 D 

2 8-2 2 93 D 0 Is/ 

3 7-3 2 10 iBi 90 1ff 

4 7-3 2 100 -+ 83 

5 6-7 5 43 /9/ 83 Is! 

6 7-9 6 0 /9/ 93 

7 7-9 4 0 D 0 D 

8 7-3 1 33 /9/ 100 

9 7-4 1 0 ,e, 100 

Notes: * The D indicates that the phoneme was distored. 

+A modal substitution was not observed. 

1. Age at time of testing in years-months ( i.e., 5-10 = 

5 years, 10 months). 
2. SF = Goldman-Fristoe Test of Articulation. 
3. SPT = Sound Production Task. 
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normal children had more difficulty than adults identifying 

the " thick" stimuli correctly. None of the articulation 

disordered children were able to identify these stimuli 

appropriately. The individual identification functions for 

this group are shown in Figure 5. The adult and normal child 

functions were significantly different ( p = .007, by 

randomization test) , as were the normal child and 

articulation disordered child functions (p = .05, by 

randomization test), and the adult and articulation 

disordered child functions ( p = .002, by randomization 

test) 

The mean identification functions show that the 

children were strongly biased towards making /s! responses. 

In order to assess between group-differences in sensitivity 

independently of this bias, the subjects' responses were 

converted to A' scores, using each subjects proportion of 

Is/ responses to stimuli 1 and 2 a the " hit rate", in 

combination with each subject's proportion of Is/ responses 

to stimuli 6 and 7 as the " false alarm rate". The mean A' 

scores for the three groups were significantly different 

based on a one-way analysis of variance (F(2,29) = 16.61, p 

.0001, by randomization test). The adults were 

significantly more accurate in their identifications than 

normal children ( t(21) = 1.95, p = .032, by randomization 
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test, one-tailed) and articulation disordered children 

(t(17) = 4.41, p = .0006,, by randomization test, 

one-tailed). The normal children were also more accurate 

than the articulation disordered children ( t(20) = 4.31, p = 

.0001, by randomization test, one-tailed). 

Stimulus Set Two 

The mean number of correct responses made by each group 

with each of the four stimulus pairs in this stimulus set 

are given in Table 4. A split-plot factorial analysis of 

variance applied . to these data showed a significant effect 

of subject group ( F(2,29) = 8.35, p = . 003, by randomization 

test). The adults performed significantly better than 

normal children with these stimuli ( t(21) = 1.86, p = .038, 

by randomization test, one-tailed). The adults and the 

normal children performed significantly better than.the 

articulation disordered children, t(17) = 3.9, p = .0001, 

and t(20) = 2.50, p . 014 ( by randomization test, 

one-tailed), respectively. 

A significant effect of stimulus pair was also observed 

(F(3,87) = 23.57, p = .0001, by randomization test). 

Improved performance occurred when the amplitude of the " th" 

noise was reduced relative to the amplitude of the " s "  noise 

(pair 1 vs. pair 3, t(31) = 6.272, p = .0001, by 



Table 4  

Mean Number of Correct Identification Responses 

(out of 20) with Stimulus Set Two in Experiment 2 

Endpoint Pair 

Group 1 2 3 4 
=amplitude =amplitude -amplitude -amplitude 

duration -duration =duration -duration 

Total 

Adults 

Normal 
Children 

Articulation 

Disordered 
Children 

All Groups 

15.9 

15.2 

15.4 

13.2 

12.1 11.7 

14.6 13.5 

18.4 

17.8 

13.9 

16.9 

14.3 

68.2 

62.2 

52.0 

16.3 61.2 

Note: The amplitude and duration of the noise portion of the 
"thick" stimulus relative to that of the noise portion of the "sick" 

stimulus is as -follows: ( 1) amplitude and duration are the same; 

(2) duration is less, amplitude is the same ( 3) amplitude is 

less, duration is the same; ( 4) both amplitude and duration are 
less. 

/ / 



80 

randomization test, two-tailed). However, poorer 

performance was observed when the duration of the " th" noise 

was reduced ( pair 1 vs. pair 2, t(31) = 2.12, p = .0489, by 

randomization test, two-tailed). The combination of reduced 

amplitude and reduced duration of the " th" noise did not 

lead to significant changes in performance when compared to 

the effect of reduced amplitude alone. 

Since the probability value associated with the 

interaction of subject group and stimulus pair cannot be 

determined by randomization test, these data were submitted 

to an additional analysis in order to determine if the 

effects of stimulus pair noted above were similar for all 

three groups. In order to control for the overall level of 

correct responses and the variablli1y within individual 

subjects, each subject's scores for the four stimulus pairs 

were transformed into z scores on the basis of the mean and 

standard deviation of the subject's scores. These 

transformed scores were then subjected to an analysis 

identical to that used for the identification functions 

described above ( see note 5). No significant differences 

between groups were found ( p > . 05), indicating that for all 

three groups, performance decreased when the duration of the 

"th" noisewas reduced, and performance increased when the 

amplitude of " th" noise was reduced. 
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Discussion 

Scores on the Word Identification Test were 

significantly better for adults and normal children than for 

the articulation disordered children. The pattern of 

responses for normal children and adults was similar to that 

found in Experiment 1, suggesting that the children have a 

wider category boundary, which is placed further away from 

the / s/ end of the continuum than the adult boundary. 

Three normal speaking children demonstrated very poor 

performance with the " thick" end of the continuum, 

responding with " sick" approximately 50 percent of the time 

to the most extreme " thick" stimulus ( i.e. stimulus 7). 

However, all of the identification functions obtained from 

the normal speaking children were clearly different from 

those obtained from the misarticulating children; the normal 

children show a consistent trend towards fewer " sick" 

responses for more " thick"- like stimuli, while the 

misarticulating children show no consistent relationship 

between the number of " sick" responses and the stimulus 

number. In fact, none of the children in the articulation 

disordered group were able to identify these stimuli 

appropriately and reliably, and all of these children 

demonstrated a fricative substitution error. However, 
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unlike Experiment 1, the majority of misarticulators with 

deviant identification functions misarticulated only one of 

the phonemes (/ s/). 

• Performance with the second stimulus set confirmed the 

role of variations in the amplitude of frication in the 

identification of the / s/ and ieI phonemes: for all subjects 

performance improved when the amplitude of the " th" noise 

was reduced relative to the amplitude of the " s" noise. 

Reducing the duration of " th" noise worsened performance by 

normal children, and to a lesser extent, by adults and 

articulation disordered children. 

It seems, therefore, that normal-speaking children can 

use both spectral and amplitude cues to identify these 

phonemes. In contrast, most articulation disordered 

children were unable to identify stimuli in which only the 

spectral cues were present. While their performance was 

improved when the amplitude of the " th" noise was reduced 

relative to the amplitude of the " s" noise, they maintained 

a poor level of performance across all stimulus pairs. 

The results of this experiment, taken together with the 

results of Experiment 1 and of studies with 

/r/-misarticulators, clearly demonstrate that some children 

with a functional articulation disorder present with a 
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concomitant perceptual disorder. Thus far, a subgroup of 

articulation disordered children with speech perception 

difficulties has been found among three year old In 

misarticulators ( Broen et al., 1983), six year old In 

misarticulators ( Hoffman et al., 1985), five year old iSi 

misarticulators, and seven year old children with a frontal 

lisp. Examination of the pattern of errors exhibited by 

this subgroup suggests that perception difficulties are most 

likely to coexist with production difficulties in cases 

where the misarticulation is a substitution error and the 

substituted sound belongs to the same manner class as the 

error phoneme. 

It is reasonable to expect that these different 

subgroups of children with a functional articulation 

disorder require different treatment strategies. 

Specifically, misarticulators who demonstrate speech 

perception errors may require direct treatment to remediate 

their perception errors, either prior to or in conjunction 

with sound production training. Therefore, a third study 

was conducted in order to determine whether word 

identification training would facilitate sound production 

learning by these children. 



84 

CHAPTER FOUR 

Exoeriment 3 

Remediation of Speech Production Errors with 

Sound Identification Training 

Introduction  

There have been only three attempts to show an effect 

of speech perception training on the production abilities of 

articulation disordered children. None of these studies 

found that speech perception training helped to correct 

functional speech errors. In part, this failure is likely 

due to the absence of an adequate assessment of speech 

perception ability prior to beginning speech perception 

training. For example, Winitz and Bellerose ( 1967) provided 

speech discrimination training to /r/-misarticulating 

children in an effort to improve their In productions. The 

training procedure was very systematic, and was directed at 

an appropriate sound contrast ( In vs. mw!), but the 

expected improvements in speech production ability were not 

observed. However, the children's responses to this 

training procedure suggest that the children in the 

experimental group did not have any difficulty 

discriminating fri and Irw/, and therefore, discrimination 
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training should not have been expected to produce 

improvements in articulatory ability. Speech perception 

training should be applied only to children who present with 

both a speech production and speech perception disorder. 

In addition, speech perception training is frequently 

directed toward phoneme contrasts which are not relevant to 

the child's articulation errors. Shelton et al. ( 1978) 

targeted the same -Four phonemes for each subject without 

regard to the subject's actual error pattern. Williams and 

McReynolds- ( 1975) targeted phoneme contrasts corresponding 

to simulated misarticulations, rather than the subjects' 

actual sound substitution errors. However, as demonstrated 

by Experiments 1 and 2, children's speech perception errors 

are specific to their sound production errors, and 

therefore, speech perception training should be designed to 

teach the child to discriminate the error phoneme from the 

substituted sound. 

Finally, the perception training techniques used by 

clinicians and researchers have been unsystematic and 

arbitrary. For example, Shelton et al. ( 1978) used ear 

training in their study of the effectiveness of speech 

discrimination training. However, Van Riper's ( 1963) ear 

training program consists largely of a list suggesting the 

activities of isolation, stimulation, identification, and 
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discrimination, with the order in which these techniques are 

to be applied being left unspecified. Although Van Riper 

suggests that these activities involve both isolated sounds 

and connected speech no clear sequence of training units is 

delineated, and such details as performance criteria, 

response contingencies, and reinforcement schedules are 

omitted. 

Speech Production Training Techniques 

This approach to speech perception training contrasts 

dramatically with the very 

techniques which have been 

training. These carefully 

systematic 

applied to 

structured 

programmed- instruction 

sound production 

and successful 

articulation modification programs may serve as models from 

which to develop a more systematic approach to speech 

perception training ( see Gerber, 1977, for a review). 

Since the goal of articulation modification programs is 

response differentiation, these programs use differential 

reinforcement to increase the rate of occurrence of the 

desired articulatory response and to extinguish undesired 

articulatory behaviors. For example, a child who 

substitutes 1w! for In may receive a sticker whenever a 

correct In is produced, while inappropriate 1w/ productions 

may be punished or simply ignored. Such a token 
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reinforcement system can effectively control the rates of 

correct and incorrect sound productions by children with 

severe articulation disorders ( e.g., Johnston and Johnston, 

1972). 

Another critical feature of production training 

programs is the use of shaping or progressive approximation 

techniques to help the child learn new and/or difficult 

responses. Shaping involves the application of differential 

reinforcement to a sequence of responses which vary, in 

small steps, from an available behavior to the target 

behavior. The responses are sequenced so that success with 

one response can be expected to promote success with the 

next response in the sequence. The procedure should result 

in a very low error rate, and the child should experience 

frequent reinforcement and little frustration throughout the 

training program. Shriberg ( 1975) developed a program for 

evocation of the /Y/ sound, which involves eight steps 

varying from sticking the tongue out, through Ill 

production, and finally, to /3k/ production. The antecedent 

event, response definition, reinforcement, and pass 

criterion are provided for each step of the program. The 

goal of each program step was determined from a task 

analysis of the subskills necessary for correct /3/ 

production. 
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Speech production training programs are also carefully 

structured to promote transfer of training from the 

restricted clinical setting to more natural environments 

(Mowrer, 1971). Three techniques are used to promote 

generalization from one environmental context to another: 

(1) therapy activities are sequenced along a continuum from 

highly structured activities, such as picture naming, to 

more natural -activities, such as spontaneous conversation 

during a play activity; ( 2) reinforcement schedules are 

varied from continuous and fixed ratio schedules to 

intermittent and variable ratio schedules; in addition, the 

type of reinforcers used may vary from tangible rewards to 

consequences which better approximate the contingencies 

which operate in natural speaking situations; and, ( 3) 

peers, teachers, and family members are recruited to provide 

appropriate reinforcement for correct speech production in 

extra-clinic settings. For example, the S-pack, a program 

for correction of a frontal lisp, contains a transfer 

program which provides specific instructions. and stimulus 

materials for use by an extra-clinic person such as a parent 

or teacher. The S-pack has been shown to be both effective 

and efficient in the remediation of this speech error ( Ryan, 

1971). 
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Generalization from one linguistic context to another 

• is also important and involves providing the child with 

opportunities to practice correct production of a sound in a 

variety of contexts which vary along a number of 

dimensions. These contextual variations are sequenced so 

that each new context is maximally similar to the previously 

taught context. For example, the child may be taught to 

produce the target sound in isolation, syllables, words, 

phrases, and finally sentences. At each step, the immediate 

phonetic context will be varied from simple to complex. The 

amount of training provided at any given step is also a 

critical factor in promoting transfer from one program step 

to another ( Mowrer, 1971). Consequently, most programs 

require a fairly high level of correct responding before a 

new response requirement is introduced. However, Elbert and 

McReynolds ( 1978) found that the amount of training required 

to promote generalization from trained to untrained items 

varied from child to child. 

In another examination of the variables which influence 

transfer of training, McReynolds ( 1972) found that 

generalization of Is/ production to untrained probe items 

'did not occur during isolated Is! training,. Some 

generalization did occur during training on the syllable 

/sa!, but not until the children had reached a high rate of 
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correct responding with this syllable. Only small 

improvements in probe production were seen during training 

on the second syllable (/as/), while large improvements were 

seen during training on the third item (/asa/). McReynolds 

concluded that generalization is promoted by ( 1) training 

the target phoneme in the context of other phonemes, ( 2) 

encouraging self-monitoring by the child, and ( 3) training 

the target phoneme in more than one word position. 

Speech Perception Training Techniques  

The principles which have guided the development of 

speech correction procedures are also relevant to 

discrimination learning, although the goals of response 

learning and discrimination learning programs are clearly 

different. The acquisition of speech discrimination ability 

is a form of concept learning in which the subject learns to 

respond in the same manner to a variety of speech stimuli in 

one phoneme class, while responding in a different manner to 

speech stimuli in another phoneme class. Discrimination 

learning involves both stimulus generalization within a 

stimulus class and discrimination learning between stimulus 

classes ( Whaley & Malott, 1971). As with response learning, 

discrimination learning is accomplished through the 

application of differential reinforcement. A response to 
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members of one stimulus class is reinforced, while the same 

response to members of other stimulus classes is 

extinguished. 

An example of the power of this technique is given by 

Carney, Widen, and Viemeister ( 1977). In this study adult 

speakers of English were presented with selected members of 

a continuum of stop-vowel syllables varying in VOT.. These 

subjects were required to respond with one key press to 

stimuli from one end of the continuum, and with another key 

press to stimuli from the other end of the continuum, and 

received feedback. regarding correctness of response.. The 

category membership of each stimulus was determined 

arbitrarily by the experimenter for each subject. All 

subjects developed well defined category boundaries 

corresponding to the boundary selected by the experimenter, 

despite the fact that these boundaries deviated from the 

normal boundary found in the production of English bilabial 

stops. 

Other procedures have been less successful.. Strange 

(1972) attempted to train adult speakers of English to 

discriminate VOT stimuli representing the Thai prevoiced and 

voiced stop categories. Although the subjects were provided 

with -feedback, the training procedure used was an oddity 

discrimination task, which does not lead to the acquisition 
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of clearly differentiated responses to members of different 

stimulus classes. In a related study subjects were trained 

using a categorization task similar to that used by Carney 

et al. ( 1977), but in this case the subjects were not 

provided with immediate feedback about the correctness of 

their responses. In both cases, the subjects failed to 

learn to label the stimuli appropriately. 

Errorless learning and a high frequency of 

reinforcement are also important to discrimination 

learning. This can be facilitated by the use of fading 

techniques in whi ch extraneous cues are added to the stimuli 

in order to increase their discriminability, and then 

gradually faded until only the critical difference between 

the stimuli remains. L.Jinitz and Priesler ( 1967) showed that 

learning to discriminate a relatively easy phoneme contrast 

facilitates learning to discriminate a more difficult 

phoneme contrast. In this study, one group of normal 

speaking children was taught to discriminate /br/-/vr/, 

while a second group of normal speaking children was taught 

to discriminate /br/ - /fr/, and then /br/ - /vr/. This 

sequencing of stimulus pairs constitutes a form of fading in 

that an extraneous cue ( voicing) was added to the first 

pair, and then removed from the second pair of stimuli. The 

use of this fading technique led to superior discrimination 
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performance with the /br/ - /vr/ stimuli by the experimental 

group when compared to the control group. Errorless 

learning can be facilitated without the addition and fading 

of extraneous cues, by ordering stimulus pairs which 

represent two stimulus classes so that they -form a continuum 

from most to least discriminable. 

It is also important to select and sequence stimuli 

carefully in order to facilitate transfer of training from 

trained exemplars of the stimulus class to untrained 

exemplars. Stimulus generalization is enhanced when the 

subject is taught to make the same response to a number of 

different exemplars of a stimulus class and when the stimuli 

used in training are similar to the untrained stimuli to 

which transfer of training is desired ( Mowrer, 1971; Whaley 

& Malott, 1971). The importance of stimulus similarity was 

illuminated by Werker and Tees ( 1984) in a study designed to 

train adult speakers of English to discriminate a Salish 

stop contrast. Subjects were taught to discriminate the 

ejective portions of naturally produced stop-vowel 

syllables. These stimuli are highly dissimilar to the full 

syllables ( in fact, they do not sound like speech), but it 

was expected that they would focus the subjects' attention 

on the critical acoustic differences between the Salish 

stops. Although the subjects learned to discriminate these 
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stimuli, this discrimination performance did not generalize 

to the complete, natural speech syllables. 

In contrast, Jamieson and Morosan ( 1986) were 

successful in training subjects to identify a non-native 

phoneme contrast and demonstrated significant generalization 

of performance from synthetic training stimuli to untrained 

natural speech stimuli. Several aspects of their training 

procedure were felt to be central to its success. First, 

the training stimuli were carefully structured to contrast 

those acoustic cues which were critical to the 

identification of.the target phonemes. However, these 

acoustic cues were presented within a speech context rather 

than isolated from it, thus increasing the similarity 

between the synthetically produced training stimuli and 

natural speech. Second, an identification task, rather than 

a discrimination task was used, because identification 

training is better suited to the goal of teaching the 

subject to discriminate phonologically relevant contrasts, 

•as opposed to allophonic, within-category differences 

between stimuli. Finally, the subject was presented with 

multiple tokens of each phoneme. This procedure helps the 

subject learn to ignore subphonemic acoustic variability 

while highlighting those acoustic cues which are critical to 

the phoneme contrast. The training stimuli were ordered so 
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that the subject was required to identify stimulus pairs 

which were increasingly similar in terms of their acoustic 

characteristics. 

Purpose of Experiment 3  

As noted above, three studies have examined the 

effectiveness speech perception training in the correction 

of functional articulation errors. These studies -failed to 

show speech production gains as a result of speech 

discrimination training because speech perception training 

was provided to children who did not present with speech 

perception difficulties, and because inappropriate phoneme 

contrasts were targeted. Unfortunately, these -Failures 

appear to have prematurely halted ef forts to develop 

systematic procedures for teaching misarticulating children 

to discriminate and identify phonemes. However, many 

researchers have attempted to develop effective procedures 

for teaching adults to perceive non-native phoneme 

contrasts. For example, Jamieson and Morosan ( 1986) 

demonstrated that a carefully designed and systematic sound 

identification procedure can be used to teach French 

speaking adults to perceive the // - iOi contrast. 

The purpose of the present experiment was to determine 

if this same sound identification training procedure would 
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facilitate sound production learning by children with a 

-functional articulation disorder. It was expected that this 

training procedure would improve the articulation skills of 

children who demonstrate difficulties with both the 

production and identification of fricatives but that it 

would not influence the articulation skills of children who 

do not have a problem identifying these sounds. A 

single-subject design which permits the use of randomization 

tests ( Edgington, 1980) was used so that individual 

differences in response to this training program could be 

examined. 

Method  

Subjects  

School speech- language pathologists referred four 

children whose records indicated the following: ( 1) mild or 

moderate functional articulation disorder, ( 2) normal 

hearing, ( 3) normal language skills, and ( 4) English as the 

native language. Each child received the Goldman-Fristoe 

Test of Articulation ( t3F, a Sound Production Task ( SPT) for 

the target phoneme, a SPT for the substituted phoneme, a 

hearing screening, and a Word Identification Test ( WIT). 
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E. L., age 7 years - 9 months, misarticulated / 1/, /JI, 

itSi, /d3!, Is!, and / z/ on the GF. His SPT scores were 0% 

correct for /s!, 93% correct for /9/, and 0% correct for 

IS!. He consistently substituted iei for Is/ and lateralized 

iSi and consequently received sound identification training 

for the Is! - 191 contrast and for the /s/ - /5/ contrast. 

He had received several months of speech therapy for 

remediation of the frontal lisp. This therapy program 

included no speech perception training. 

P. R., age 5 years - 0 months, misarticulated If!, //, 

/3'!, itSi, /1/, /r/, /v/, is!, / z/, and // on the GF. His 

SPT scores were 100% correct for /s/ and 0% correct for iSi. 

He consistently substituted Is! for /'/ and consequently 

received sound identification training for the Is! - IS! 

contrast. He had received no previous speech therapy. 

C. S., age 6 years - 0 months, misarticulated iS1i, 

itS!, and /9/ on the GF. Her SPT scores were 83% correct for 

/s/ and 0% correct for 4',. She consistently substituted is! 

for /S/ and consequently received sound identification 

training for the /s! - iSi contrast. She had received 

previous speech therapy for remediation of Is/ errors and 

one therapy session for stimulation of the iSi sound. 
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A. M., age 7 years - 9 months, misarticulated In, Is!, 

/z!, and ,/O/ on the OF. He obtained SPT scores of 0% correct 

for both the Is/ and the i0i phonemes. His /s/ error 

involved a variety of substitutions Including IeI, a mildly 

lateralized Is!, and a bladed /s!. He received sound 

identification training for the / s! - IeI contrast. He had 

received several months of therapy for remediation of the 

frontal lisp. This therapy program included no speech 

perception training. 

Stimuli 

Four syntheticallyproduced stimuli were used for 

training the Is! - iSi contrast. These 300 ms stimuli 

consisted of 110 ms of fricative noise followed by formant 

transistions and a steady state portion appropriate for the 

vowel / al. These stimuli were synthesized with the equipment 

described in Appendix A. The parameters used for the vowel 

portion of the stimulus were those recommended by Klatt 

(1980). The fricative portion of stimulus 1 was the same as 

the fricative portion of stimulus 1 of the ' seat-sheet' 

continuum described in Experiment 1. The remaining three 

stimuli contained the fricative noises from stimuli 2, 6, 

and 7 respectively. The amplitude of each fricative portion 

was approximately 36 dB. 
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The four stimuli used for training the Is! - 10/ 

contrast began with the fricative portions from stimuli 1, 

2, 6, and 7 of the " sick- thick" continuum described in 

Experiment 2. These fricative noises were attached to the 

same vowel that was used for the / s! - 1.37 training 

stimuli. The duration of the fricative portion was 

approximately 137 ms. The amplitude of the fricative 

portion was 35 dB, 32 dB, 25 dB, and 21 dB for stimuli 1, 2, 

3, and 4 respectively. 

The stimuli were output using a 12 bit D/A converter on 

a PDP 11/23+ computer and recorded on audio tape ( Maxell 

XLII) using a Revox BV71O MkII recorder. The isa/-iSa/ 

stimuli were low-pass filtered at 4800 Hz and the /sa! - 

ia/ stimuli were low-pass filtered at 8000 Hz. 

Each tape contained 5 blocks of 48 trials, arranged in 

random order, with an interstimulus interval of 4 seconds, 

for each of three treatment phases, and an additional 5 

blocks of 20 trials for the third treatment phase. Phase 1 

blocks contained 24 trials of stimulus 1 and 24 trials of 

stimulus 4. Phase 2 blocks contained 12 trials of stimulus 

1, 12 trials of stimulus 2, and 24 trials of stimulus 4. 

Phase 3 blocks of contained 12 trials of stimulus 1, 12 

trials of stimulus 2, 12 trials of stimulus 3, and 12 trials 

of stimulus 4. Thus, each block of trials on the ! sa! - /Sa! 
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training tape contained an equal number of / sa! and ISal 

stimuli while each block of trials on the / sa! - /ea/ 

training tape contained an equal number of /sa/ and /ea! 

stimuli. 

Procedure 

Therapy was divided into 20 short " treatment sessions "  

given in two, one-hour periods of therapy, scheduled on 

consecutive days. A ten-item imitative production probe was 

administered at the end of each session. The probe items 

consisted of syllables, words, and sentences, randomly 

selected from the appropriate Sound Production Task. The 

child's responses to each probe were recorded on audio tape 

with a Sony WM-06C recorder and a Revox M-3-500 microphone. 

Sound identification training began on a session chosen at 

random from sessions 6 through 15. The training procedure, 

which is described below, was administered at the beginning 

of this session and was then readministered at the beginning 

of every following session through session 20. All sessions 

which preceded the first treatment session were control 

sessions. The placebo training procedure described below 

was administered at the beginning of each of these 

sessions. 
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Sound Identification Training. The training stimuli 

were replayed using a Sony WM-D6C playback system for 

monaural presentation to subjects at 85 dB SPL over AKG 240 

headphones. The child was instructed to point to a 

"happyface" when he heard the target phoneme and to a 

"sad+ace" when he heard the substitution phoneme. The 

training progressed through three phases. During the first 

phase, the most extreme versions of the training stimuli 

were presented ( i.e. stimulus 1, Isa!, and stimulus 4, /S'a/ 

or lea!). During the second phase, a less extreme version 

of / sa/ was added to the stimulus set ( i.e. stimulus 1, 

stimulus 2, and stimulus 4 were presented), and during the 

third phase, a less extreme version of the contrasting 

phoneme, ISa! or /Oa/, was added ( i.e. stimulus 1, stimulus 

2, stimulus 3, and stimulus 4 were presented). The pass 

criterion for each phase was 80 percent correct 

identifications. When the child reached criterion at phase 

3, the number of trials presented during each session was 

reduced from 48 to 20. The child was given feedback 

regarding the correctness of each response and received a 

sticker at the end of each session. 

Placebo Training Procedure. The placebo treatment task 

was the same as the sound identification training task. 

However, the training stimuli were natural speech syllables 
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which contrasted the target phoneme with non-fricative 

phonemes. Five syllables were presented during each control 

session, one of which contained the target phoneme. These 

stimuli were recorded on audiotape using a Sony WM-D6C 

recorder and a Revox M-3-500 microphone and were replayed to 

the children with the Sony recorder and AKG 240 headphones. 

Results 

Each response to each production probe item was scored 

as correct or incorrect with respect to the articulation of 

the target phoneme. Two control probes and two treatment 

probes were chosen randomly for each child for reliability 

testing. These probes were scored by both the experimenter 

and a second speech pathologist. Agreement ranged from 78 

to 83 percent and averaged 80 percent across all subjects. 

The difference between the mean treatment probe score 

and the mean control probe score was calculated for each 

subject, and the probability ( p) value associated with this 

difference score was determined by randomization test. 7 

Figure 6 shows the pre-treatment and post-treatment 

identification functions for the /s! - 10i WIT for subject 

E.L.. Clearly, this child's ability to classify the 

sick-thick stimuli improved markedly over the course of the 
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treatment program. Identification training began during 

session S. Figure 6 also illustrates his performance on the 

identification training trials and on the production test 

probes for the 20 treatment sessions. E.L. maintained a 

high level of performance on the identification task, with 

scores ranging from 69 to 100 percent correct, and completed 

all three treatment phases. He obtained a mean production 

probe score of 3.86 for control sessions, compared to a mean 

score of 5.85 for treatment sessions ( difference = 1.99, p = 

1). 

Figure 7 shqws the pre-treatment and post-treatment 

identification functions for the /s! - /5, WIT for subject 

P.R.. This subject also showed marked improvements in his 

ability to identify the test stimuli. Identification 

training began during session 10. Figure 7 also illustrates 

his performance on the identification training trials and 

the production probes. He maintained a very high level of 

identification task performance, with scores ranging from 81 

to 100 percent correct, and completed all three treatment 

phases. He obtained a mean production probe score of 2.2 

for control sessions, compared to a mean score o+.3.0 for 

treatment sessions ( difference = .8, p = .3). Unfortunately, 

this child was recovering from a recent illness and became 

tired and uncooperative towards the end of the treatment 
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period, which may explain the progressive decline in 

performance which begins during session 14. 

Figure 8 shows the pre-treatment and post-treatment 

identification functions for the /s/ - iSi WIT for subject 

C.S.. This child 's ability to classify stimulus 1 and 

stimulus 7 of the sick-thick contininuum improved markedly 

over the course of the treatment program, although her 

post-treatment identification function is not normal with 

respect to the other stimuli. Identification training began 

during session 11. Figure 8 also illustrates her performance 

on the identification training trials and on the production 

test probes for the 20 treatment sessions. C.S. maintained 

a high level of performance on the identification task, with 

scores ranging from 71 to 100 percent correct, and completed 

all three treatment phases. She obtained a mean production 

probe score of 1.9 for control sessions, compared to a mean 

score of 4.6 for treatment sessions ( difference = 2.7, p = 

Figure 9 shows the pre-treatment and post-treatment 

identification functions for the is! - ,ei WIT for subject 

A.M.. This subject did not learn to identify the test 

stimuli appropriately. Identification training began during 

session 11. Figure 9 also shows his performance on the 

identification training trials and the production probes. 
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He initially had great difficulty with the task, obtaining 

scores ranging from 52 to 88 percent correct, and completed 

only the first treatment phase. He obtained a mean 

production probe score of 4 for control sessions compared to 

a mean score of 6 for treatment sessions ( difference = 2, p 

= .7). The p value is very poor because A.M.'s production 

probe scores did not begin to improve until several sessions 

after the initiation of sound identification training, and 

because perception scores improved only marginally, the 

improvement in production was not consistent. 

Figure 10 shows the pre-treatment and post-treatment 

identification functions for the Is! - iS! WIT for subject 

E.L.. This child lateralized the I5I rather than 

substituting Is! for /S( and clearly had no difficulty 

identifying the seat-sheet stimuli. Identification training 

began during session 12. Figure 10 also shows his 

performance on the identification task and on the production 

probes.. He maintained an almost perfect level of 

performance on the identification task, with scores ranging 

from 94 to 100 percent correct, and passed quickly through 

all three treatment phases. He obtained a mean production 

probe score of 5.19 for the control sessions compared to a 

mean score of 5.89 for the treatment sessions ( difference = 

•7,P.4). 
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Overall, misarticulating children fall into three 

groups: ( 1) those who demonstrate pre-treatment difficulties 

with both perception and production and who success-Fully 

learn to identify the training stimuli; ( 2) those who 

demonstrate pre-treatment difficulties with both perception 

and production but who fail to learn to identify the 

training stimuli; and, ( 3) those who do not demonstrate 

pre-treatment difficulties with speech perception. It can 

be expected that children in the first group will show 

improved production as a result of the sound identification 

training procedure while children in the latter groups will 

not Consequently, the p values for children in the first 

group ( E.L., P.R., and C.S) were pooled, using the additive 

method for pooling discrete probability values ( Edgington, 

1987), resulting in a combined p value of . 01. The p values 

for children in the latter two groups ( A.M. and E.L.) were 

also pooled, resulting in a combined p value of . 55. 

Discussion 

The results of Experiment 3 show that a short period of 

speech perception training can facilitate sound production 

learning by some children, provided that both speech 

production and speech perception difficulties are observed. 

Three of the children maintained high levels of correct 
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responding to the training stimuli throughout the program 

and generalized this newly learned identification ability 

from the syllables used in training to the words used in the 

post-test. 

The training procedure was designed to promote 

errorless learning, increased sensitivity to 

between-category differences, reduced sensitivity to 

within-category differences, and transfer of training from 

trained to untrained stimulus items. These objectives were 

clearly achieved with these children. In addition, these 

children showed s.ignlficant improvements in their 

productions of the target phoneme, even though no direct 

production training was provided. 

These results indicate that speech production 

difficulties in some children are related to an incomplete 

knowledge of the critical acoustic cues which differentiate 

the relevant phoneme categories. For these children, 

learning to identify the target and substituted sound 

appropriately permits the production of the target phoneme 

to be adjusted so that it more closely approximates the 

standard articulation. 

The measure used here is sensitive only to relatively 

rapid changes in production ability. Using this criterion, 
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not all of these children were -found to benefit from the 

training procedure. It is not clear whether children like 

A.M. differ in kind or in severity from those children who 

did learn to identify the training stimuli. This child did 

begin to show some improvement in both identification and 

production scores towards the end of the treatment period 

and it seems likely that continued treatment would have 

resulted in a normal identification function and significant 

improvements in production ability. Alternatively, this 

child might benefit from a different kind of training 

procedure. Changes to the procedure which may be helpful 

include the addition of procedures to increase the child's 

level of motivation as well as modification of the stimuli 

in order to increase the salience of the relevant acoustic 

cues for the child. 

One child (EL.) presented with a misarticulation of 

the iSí sound but showed normal speech perception ability on 

the /s/ - ici Word Identification Test. As predicted, this 

child's speech production skills did not improve as a 

consequence of speech perception training. This finding 

supports the hypothesis that past failures to demonstrate an 

effect of ear training on production ability stem from an 

inappropriate application of speech perception training to 

children who do not present with a speech perception 
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problem, or to speech contrasts which are not relevant in 

terms of the child's speech production errors. 
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CHAPTER FIVE 

General Discussion 

The results of these studies lead to three main 

conclusions: ( 1) the speech perception skills of 

normal-speaking children are not -Fully developed at age 

seven, as evidenced by their ability to identify fricatives; 

(2) a sub-group of those children who have a functional 

articulation disorder presents with a concomitant speech 

perception disorder; and ( 3) a sound identification training 

procedure can improve the production ability of at least 

some of the articulation disordered children who have a 

concomitant speech perception deficit. These conclusions 

will be discussed in turn below.. 

Normal Develoment of Fricative Perception  

The results of the Experiments 1 and 2 show that adults 

and normal children can reliably identify synthetically 

produced words which contrast the fricatives / s/ and iSi and 

Is! and /0/, respectively. However, in both experiments, 

the children 's performance differed from that of the adults: 

normal children were able to identify the /s! sounds ( e.g.., 

stimulus 1 and stimulus 2) as accurately as the adults, but 

they were also more likely than adults to make / s! responses 
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to stimuli at the opposite end of the continuum ( i.e., IS! 

or //, stimulus 6 and stimulus 7). In addition, the slope 

of the children 's identification functions appeared to be 

less steep than the slope of the adult identification 

functions. 

Similar differences in the shape of the adult and child 

identification functions have been reported for 

identifications of voiced and voiceless stop consonants 

(Krause, 1982a; Ziatin & Koenigsknecht, 1975). These authors 

concluded that children have wider and less distinct 

category boundaries than adults. Both studies indicate a 

developmental trend in which the children require 

progressively less difference in VOT between stimuli in 

order to identify them correctly. It is unlikely that these 

results reflect poorer attention on the part of the children 

per se because differences between adults and children were 

not observed for all contrasts. For example, Ziatin and 

Koenigsknecht ( 1975) found that, in comparison to adults, 

six year old children had significantly wider category 

boundaries for the velar stop contrast but not for the 

labial or apical contrast. Bernstein ( 1983) found that 

children 's ability to identify voiced and voiceless stops on 

the basis of secondary cues ( such as FO contour) develops 

with age. It is possible that some of the differences 
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between the adult and child identification functions found 

in Experiments 1 and 2 reflect similar differences in the 

width of category boundaries, coupled with children's 

limited ability to use secondary acoustic cues as 

effectively as adults. 

The strong tendency for children to make more / s/ 

identifications than adults may reflect a preference by the 

children for one picture over another. This seems 

especially likely in the case of the /s! - iei Word 

Identification Test, since the word " sick" is more familiar 

to ch-ildren than . the word " thick". However, it seems less 

likely that this sort of response bias accounts for the 

children 's responses to the Is! - iSi Word Identification 

Test, since the word " seat" ( paired with a picture of a 

chair) is probably less familiar to children than the word 

"sheet". In addition, the pretraining procedures were judged 

to have successfully familiarized the children with the 

pictures and the task. 

An alternate explanation for the bias toward Is/ 

responses is suggested by markedness theory, which states 

that both articulatory and perceptual confusions will 

involve the substitution of 'a less complex for a more 

complex phoneme ( Cairns, Cairns, & Williams, 1974; Chomsky & 

Halle, 1968; Toombs, Singh, and Hayden, 1981). Phoneme 
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complexity is determined by the number of marked features 

which characterize the phoneme. For example, the production 

of voicing during obstruent ( e.g., IbI, /z/) articulation is 

said to involve more articulatory complexity than the 

production of voicing during sonorant ( e.g., In, 1w!) 

articulation, and thus the feature +voice is unmarked when 

associated with sonorants and marked when associated with 

obstruents ( Cairns et al., 1974). According to Cairns et 

al. ( 1974), /s/ has one marked feature (+continuant) and is 

thus less complex than both / S!, with three marked features 

(-anterior, +coronal, and +continuant), and /0/, with three 

marked features (+coronal, +continuant, and -strident). This 

theory has been supported by an analysis of the substitution 

errors of normal children, which shows that these errors 

generally involve the substitution of a less complex phoneme 

for a more complex phoneme, and changes in feature values 

from marked to unmarked ( Cairns et al., 1974). In addition, 

Hayden, Kirstein, and Singh ( 1979) found that intrusion 

errors during dichotic perception reflect a dominance of 

unmarked features over marked features. 

Unfortunately, the explanatory power of this theory is 

weakened by the lack of a reliable metric for the 

determination of phoneme complexity. The variables used to 

determine phoneme complexity differ from one phoneme to 
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another. A phoneme may be judged to be less complex than 

another because it requires less articulatory effort or 

because it is characterized by greater perceptual 

distinctiveness ( Toombs et al., 1981). Complexity is also 

determined by the normal sequence of phoneme acquisition and 

the -frequency of occurrence of the phoneme, variables which 

one might expect markedness theory to explain. The 

markedness values are assigned to specific -features, but 

these -features do not have a one to one relationship with 

the physical articulatory and acoustic characteristics which 

are used to account for the relative complexity of 

phonemes. Since the articulatory and acoustic 

characteristics associated with a -feature vary with 

linguistic context, the markedness values assigned to a 

feature may be. a reasonable indication of phoneme complex ity 

in some contexts, but not in others. In addition, the 

complexity ratings assigned to phonemes will vary with the 

feature system used. For example, Cairns et al. ( 1974) and 

McReynolds et al. ( 1974) considered Is/ as less complex 

• than /0/, applying the Chomsky and Halle ( 1968) nine -feature 

system; Toombs et al. ( 1981) considered /9/ as less complex 

than Is!, using their own seven feature system. 

These difficulties with the assignment of markedness 

values may account for the contradictory results of some 
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studies. For example, bombs et al. ( 1981) found that the 

substitution errors of articulation disordered children were 

predicted by markedness theory, while McReynolds, Engmann, 

and Dimmitt ( 1974) found that articulation disordered 

children did not consistently substitute less complex for 

more complex phonemes. On balance, however, such studies 

have found a positive relationship between markedness 

ratings and perceptual or articulatory confusions, 

suggesting that confusions of /J'/ and ie, with / s/ may be 

explained in terms of phoneme complexity, rather than with 

respect to some sort of response bias. 

Children did not differ from adults with the second set 

of ' seat - sheet stimuli, indicating that five year olds 

and adults are equally accurate in their identifications of 

the /s/ and IS/ phonemes when the phonemes are maximally 

different. This result highlights the importance of 

inéluding a variety of tokens of the phonemes of interest on 

speech perception tests. Differences between adults and 

children became apparent only when the subjects were tested 

with the full continuum of stimuli. This test situation did 

not use a fixed standard, and tokens from the two phoneme 

categories were acoustically similar. This test situation 

provides a better approximation to performance in normal 

conversation, because varying linguistic and environmental 
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contexts increase the ambiguity of phoneme identity in 

natural speaking situations. 

With this second stimulus set, identification accuracy 

did not improve when the amplitude or duration of the Is/ 

noise was increased. Since Increasing the amplitude or 

duration of the Is/ noise increased the acoustic difference 

between the phoneme pairs, it had been anticipated that 

identification scores would improve. However, there was 

limited opportunity for such changes to occur, since the 

performance level for both children and adults was very high 

even when the non-spectral characteristics of the Is! and 

/I noise were held constant. It is possible that the 

amplitude and duration of Is/ and iS! noise plays a greater 

role in the identification of these fricatives in natural 

speaking situations where the quality of the spectral cues 

may be inconsistent. 

In fact, the subjects' responses to the second set of 

"sick - thick" stimuli confirm that variations in the 

amplitude of frication influence identifications of the Isl 

and tO! phonemes. Since the /0/ sound is usually produced 

with low intensity and short duration ( Abbs & Minifie, 1969; 

Strevens, 1960), the ability to differentiate Is! and /0/ on 

the basis of relative amplitude is probably very important 

in natural speaking situations where the spectral 
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characteristics of /6/ may be partially masked by other 

phonemes or environmental noise. Performance improved for 

all subjects when the amplitude of the " th" noise was 

reduced relative to the amplitude of the " s's noise. 

While some subjects in all three groups made more 

errors when the duration of the " th" noise was reduced 

relative to the duration of the noise, this performance 

decrement was larger and most reliable for the normal 

children. Carpenter ( 1976) has suggested that normal 

children find temporal discriminations more difficult than 

spectral discriminations. In Carpenter's study, children 

aged four, five, and six years discriminated three contrasts 

based on spectral cues ( tail/pail, fig/fib, and seat/sheet) 

and three contrasts based on temporal cues ( stable/staple, 

base/bait, and hid/hit). Discrimination of the spectral 

contrasts was almost errorless by all age groups. 

Discrimination performance with the temporal contrasts 

improved with age but was significantly worse than 

performance with the spectral contrasts at all age levels. 

However, the duration manipulation used in Experiment 3 was 

not independent of the spectral manipulation and 

consequently it is not clear that the normal children had 

difficulty with the temporal cue per se. It may be that the 

shortness of the IeI noise made it difficult for the 
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children to process its spectral characteristics. 

In summary, the five and seven year old normal speaking 

children in these experiments did not demonstrate fully 

adult- like performance in their identifications of the Is!, 

/S!, and /01 phonemes. It is not clear why they were not as 

accurate as the adults in their identification of these 

fricatives. However, research with the normal development 

of the perception and production of the voicing contrast 

suggests that these results may reflect a developmental 

trend, common to a variety of phoneme contrasts, in which 

progressively less acoustic distance is required by children 

in order to make correct phoneme identifications. In 

addition, children may be less efficient than adults in 

their ability to utilize secondary acoustic cues to 

supplement the information provided by primary acoustic 

cues, thus accounting for their greater difficulties with 

more ambiguous stimuli. These hypotheses could be tested by 

determining which acoustic cues are critical to adult 

identifications of fricative consonants, and then 

determining the ages at which normally developing children 

use these cues to make correct phoneme identifications. In 

addition, it would be useful to compare children's 

perceptual ability in different contexts ( e.g., sentence 

vs. word contexts, picture vs. word contexts, and quiet 
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VS. noisy environments). 

Fricative Perception in Misarticulating Children  

The results of the first two experiments provide clear 

support for the hypothesis that some articulation disordered 

children present with a concomitant perceptual disorder. In 

both experiments, normal-speaking children obtained 

significantly better identification test scores than 

articulat ion disordered children. Among the articulation 

disordered subjects, 7 of 12 five year old children were 

unable to identify the words " seat" and " sheet" 

appropriately, while all nine of the seven year old children 

were unable to identify the words " sick" and " thick" 

appropriately. While these results are not in agreement 

with those of Aungst and Frick ( 1964), McReynolds et al. 

(1975), and Waldman et al. ( 1978), they are fully 

consistent with the results of more recent studies which 

examined perception and production of approximant consonants 

• ( Broen, et al., 1983; Hoffman et al., 1985; Hoffman et al., 

1983). Experiments 1 and 2 share many procedures with these 

later studies which probably account for their more positive 

results. Most importantly, the speech perception tests used 

in these studies contrasted phonemes which were relevant to 

the children 's sound substitution errors. It appears that 
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children with articulation errors demonstrate speech 

perception difficulties which are specific to a 

misarticulated sound and its substitution, rather than 

generalized to many speech sounds. This type of speech 

perception deficit would not be detected by a speech 

discrimination test which covered a broad range of phoneme 

contrasts distinct from the child's speech production 

errors. 

Subjects were also presented with multiple tokens of 

each test phoneme selected from a continuum of stimuli 

representing less to more ambiguous exemplars of each 

phoneme. As was discussed above with respect to the normal 

children, differences between groups were minimized when the 

subjects were required to identify only the maximally 

different exemplars of the test phonemes. However, 

performance with the most prototypical stimuli is probably a 

less valid measure of the child's speech perception ability, 

since the acoustic characteristics of a particular sound 

vary enormously in conversational speech. Thus, a speech 

perception test should examine the child's ability to 

identify a range of exemplars of each test phoneme. 

Individual differences in performance are readily 

apparent in the present studies: some articulation 

disordered children have normal speech perception skills 
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while others show great difficulty with the identification 

of some phonemes. In some cases, only a small proportion of 

articulation disordered children display concurrent 

production and perception difficulties ( e.g., Broen et al., 

1983). In such instances, this subgroup tends to increase 

within—group variation, but does not have a large effect on 

the average performance level of the overall articulation 

disordered group. Clearly there-Fore, this subgroup of 

misarticulating children can be identified only when 

individual performance is considered. The identification of 

the factors which may cause or maintain the speech disorder 

in a particular child is important for the clinical 

management of the child, since different subgroups of 

children are likely to require different treatment 

approaches. 

Finally, the test procedures used were designed to 

obtain a reliable assessment of each child 's speech 

perception ability. These procedures, which were similar to 

those used by Broen et al. ( 1983), included ( 1) a 

pretraining procedure to ensure that the child was capable 

of performing the identification task before testing began; 

(2) presentation of many trials of each stimulus to control 

for momentary fluctuations in the child 's attention; and ( 3) 

frequent monitoring of the child 's performance with 
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relatively easy practise stimuli in order to ensure that the 

child was maintaining attention to the task. 

Although these experiments successfully identified a 

subgroup of misarticulating children with speech perception 

difficulties, many questions about this subgroup of children 

remain unanswered. These questions include: ( 1) Is this 

subgroup of articulation disordered children homogenous with 

respect to the nature and cause of their speech perception 

difficulties? ( 2) What other subject characteristics 

differentiate this subgroup of children from misarticulators 

who do not demonstrate speech perception problems? ( 3) Are 

these children's speech perception abilities deviant or 

merely delayed? ( 4) Why do these children fail to learn to 

identify fricatives at the same age as their peers? and ( 5) 

Does the speech perception deficit cause the speech 

production disorder? 

Articulation disordered children who passed the WIT 

provided identification functions which were highly similar 

to those provided by normal speaking children, while the 

remaining children provided a variety of very different 

functions. The deviant identification functions seem to 

represent three different types: ( 1) approaching normal, 

with more Is/ responses for stimulus 1, 2, and 3 than for 

stimulus 5, 6, and 7; ( 2) more or less flat functions, with 
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a large number of / s! responses for all seven stimuli; and 

(3) random functions, with approximately 507. Is! responses 

for each of the seven stimuli. Hoffman et al. ( 1983) 

observed the latter two response patterns among fri 

misarticulating children. It is not clear whether these 

varied response patterns represent different ways of 

perceiving the stimuli or different strategies for dealing 

with a difficult test situation. It is possible that 

further research may reveal subdivisions among the group of 

misarticulating children with speech perception problems. 

Perhaps children who identify all of the stimuli in a 

continuum as belonging to one phoneme do not have an 

underlying representation of the phoneme opposition. Other 

children may have an underlying, representation of the 

contrast, while having an unclear idea of the acoustic cues 

which distinguish the two phonemes. This research would 

have to combine precise speech perception testing with a 

phonological analysis of the child's articulation patterns 

in spontaneous speech. 

All of the articulation disordered children who 

performed poorly on this test substituted an English 

fricative or a fricative-type distortion for at least one of 

the test phonemes. Two of the misarticulating children who 

provided normal identification functions presented with a 
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similar error type. However, the remaining children in this 

subgroup substituted a stop for the test phonemes or 

articulated the fricatives correctly. These results, taken 

together with the results of studies which have examined the 

perception and production of approximants ( Broen et al., 

1983; Hoffman et al., 1985), suggest that a child is most 

likely to present with both speech perception and speech 

production difficulties when the child's speech error is a 

substitution, and when the substituted sound is in the same 

manner class as the error sound. Stehens, Hoffman, and 

Danilo-ff ( 1986) have also suggested that articulation 

disordered children may be differentiated on the basis of 

error type. These authors examined the acquisition of the 

Is/ sound by children who produced dentálized, bladed, or 

lateralized distortions of Is/ over a three year period. 

Most of the children who produded a dentalized or bladed 

distortion mastered Is/ production by age eight, while none 

of the lateralizers achieved mastery of this sound. They 

suggested that the lateralization of Is/ is a manner error 

which may have a different etiology than the other 

distortion errors examined in this study. However, the 

samples studied in Experiments 1 and 2 did not include 

enough children with other types of errors to provide strong 

support for the hypothesis that manner errors are not 

associated with speech perception difficulties. Further 
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study with children who demonstrate omission errors or 

substitutions across manner classes is required. 

These results do not support the assumption that speech 

discrimination difficulties coexist with bidirectional, but 

not unidirectional, sound substitution errors ( Eiiers & 

Oiler, 1976; Compton, 1970). Although many of the children 

who demostrated difficulty with the 1sf - ISV WIT 

misarticulated both /s! and ISV, not all of these errors 

were bidirectional ( for example, some children distorted ISV 

while substituting /9/ for Is!). Most of the children who 

demonstrated difficulty with the /s/ - /0/ WIT displayed 

unidirectional errors ( substitution of I9I for /s/ and 

correct production of /0/). 

After reviewing a number of studies which examined the 

link between speech perception and speech production 

ability, Weiner ( 1967) concluded that a positive 

relationship between speech discrimination and articulation 

skills exists only in children with a severe articulation 

disorder. This suggestion is not supported by the results 

of Experiments 1 and 2. Five year old children who had 

difficulty with the WIT tended to have a more severe 

articulation problem than their peers with normal speech 

perception skills. However, most of the seven year old 

children presented with a very mild speech disorder ( only 1 
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or 2 speech errors) and all of these children displayed 

significant difficulties with the word identification task. 

The present data do not establish whether the 

articulation disordered children's speech perception skills 

are deviant or merely delayed. In order to determine this 

it would be necessary to discover which acoustic cues are 

critical in terms of differentiating one fricative from 

another. Cross-sectional or longitudinal studies could then 

be used to determine the ages at which normal children 

acquire the ability to use these cues to correctly identify 

fricative consonants. The resulting developmental sequence 

would allow for a more detailed comparison of normal and 

non-normal perceptual performance. 

Further research is also required to determine why some 

children fail to learn to identify these phonemes at the 

same age as their peers. One possible causal factor is 

recurrent otitis media, since the associated fluctuations in 

hearing sensitivity during the preschool years might 

interfere with learning to identify the acoustic cues which 

are critical for identifying certain phonemes ( Brandes and 

Ehinger, 1981). Another potential factor is environmental 

noise, since high levels of noise in the home and school 

environment have a negative effect on children's speech and 

language development ( Mills, 1975). Idiosyncratic 
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characteristics of the parents' speech may also influence 

the development of children's speech perception skills. 

Systematic variation of allophonic cues with primary cues in 

the parent's productions of a particular phoneme contrast 

may lead the child to -focus attention on an acoustic cue 

which is inappropriate for discriminating the contrast in 

other's speech. 

While Monnin & Huntington ( 1974) and Winitz ( 1969) have 

suggested that children's speech production errors may lead 

to speech perception errors, the present results lend more 

support to the hypothesis that It is the speech perception 

deficit which causes, or contributes to, the articulation 

disorder. The children in this study presented with one of 

three patterns of performance: ( 1) normal perception and 

normal production, ( 2) normal perception and disordered 

production, or ( 3) disordered perception and disordered 

production. No children with speech perception difficulties 

were found to have normal production skills, as might be 

expected if production were to precede perception. 

Furthermore, studies of normal perception and production 

skills have, also found many instances of perception 

preceding production but few, if any, instances of 

production preceding perception ( Eilers & 011er, 1976; 

Edwards, 1974). 
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Effect of Speech Perception Training on Production  

Stronger support for a causal relation between speech 

perception and speech production is provided by Experiment 

3, which demonstrates improved production skills as a 

consequence of perceptual training. Previous studies have 

failed to demonstrate an effect of speech perception 

training on sound production learning ( Shelton et al., 1978; 

Williams & McReynolds, 1975; Winitz & Bellrose, 1967),. 

However, these studies did not test the subjects' speech 

perception abilities prior to the provision of speech 

perception training, and it is possible the subjects in 

these studies did not possess concurrent speech perception 

and speech production deficits. Experiment.3 shows that 

speech perception training can lead to improved production 

skills by children who demonstrate difficulties with both 

the perception and production of the target phonemes. 

However, speech production gains as a result of speech 

perception training are not observed when the child does not 

have a speech perception disorder. 

Clearly, speech perception training is useful in the 

remediation of production errors only when it is directed at 

children who demonstrate both speech perception and speech 

production difficulties. Unfortunately, speech clinicians 
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may have difficulty identifying those children who are most 

likely to benefit from this training program. The 

standardized speech perception tests which are currently 

available to speech- language pathologists have questionable 

reliability and validity ( Locke, 1980). The Word 

Identification Test used in this study included several 

critical assessment procedures: ( 1) the targeting of a 

phoneme contrast directly relevant in terms of the child's 

substitution error, ( 2) the use of synthetically produced 

speech stimuli which contrasted only those acoustic features 

critical to the identification of the test phonemes, ( 3) the 

inclusion of several different tokens of each test phoneme, 

and ( 4) the presentation of multiple trials for each test 

stimulus. This test was successful in differentiating those 

children who could be expected to benefit from speech 

perception training from those who would not be expected to 

benefit from this training program, but this test is not 

available to speech clinicians. Speech- language 

pathologists could use many of these test procedures in the 

clinical setting by creating test tapes which include 

multiple tokens of the relevant phonemes and multiple trials 

for each stimulus. However, natural speech stimuli would 

have to be used and it has not been determined whether the 

use of synthetic stimuli is critical to the success of the 

Word Identification Test. 
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The effectiveness of the sound identification training 

program may also be attributed to the systematic training 

procedures employed in this study. These procedures 

include: ( 1) the use of synthetically produced stimuli 

designed to direct the child's attention to the critical 

acoustic differences between the target phoneme and the 

child's substitution; ( 2) the use of an identification 

procedure which promotes between category sensitivity and 

reduces within category sensitivity; ( 3) the use of multiple 

tokens of each phoneme in order to facilitate generalization 

from trained to untrained exemplars of each phoneme; and ( 4) 

a careful ordering of the stimuli designed to promote 

errorless learning on the part of the child. 

This study did not involve a systematic manipulation of 

these training variables in order to determine the relative 

contribution of each procedure to the program's success. 

However, previous research has demonstrated the importance 

of using an identification procedure (Carneyet al.., 1977), 

multiple tokens of each phoneme ( Morosan, 1987), and a 

careful ordering of stimuli from least to most difficult 

(Winitz & Priesler, 1967). However, the importance of using 

synthetic stimuli has not been determined. The development 

of a similar, but equall' effective, training program which 

uses natural speech stimuli would be very useful for speech 
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clinicians who do not have access to synthetic speech 

stimuli. Although training programs which use synthetic 

speech stimuli could be developed and made commercially 

available, they may have only limited application in the 

clinical setting because of the large number of 

idiosyncratic substitution errors produced by articulation 

disordered children. 

One subject did not learn to identify the training 

stimuli and did not demonstrate an improvement in production 

skills. Some children may not have the prerequisite skills 

which are necessary for successful completion of this 

training program. Further research is required to determine 

what these prerequisite skills are, and to develop the new 

procedures and stimuli which will be needed in order to 

teach children these skills. 

Although the improvements in production skill which 

were observed for three of the subjects were statistically 

significant, they were not clinically significant. These 

children would probably have benefited from additional 

program steps designed to promote generalization of their 

sound identification abilities to new vowel contexts and to 

words and sentences. Larger gains in speech production 

ability would be expected if the speech perception training 

were combined with traditional sound production training 
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procedures. Further research is required to determined 

whether speech perception training should be administered 

prior to or concurrent with production training. Further 

research is also required to determine how to integrate 

interpersonal speech perception training with intrapersonal 

speech perception training since self-monitoring skill has 

been shown to be important to attaining generalization of 

correct articulation to conversational speech ( Seymour et 

al. , 1981). 

In summary, it is clear that -Further refinements of 

this training procedure are required in order to ensure that 

all children with concurrent speech perception and speech 

production difficulties can benefit from it, and in order to 

facilitate the application of this training program in the 

clinical setting. Hoiever, this thesis clearly demonstrates 

that a subgroup of children with a functional articulation 

disorder have a concomitant speech perception deficit which 

requires direct treatment. The results of Experiment 3 do 

not support the many negative pronouncements regarding the 

value of interpersonal speech perception training which can 

be found in the literature ( Seymour et al., 1981; Shelton, 

Johnson, & Arndt, 1977; Shelton, et al.., 1978; Shelton & 

McReynolds, 1979). Rather, these results show that a 

systematic speech perception training procedure can 
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fac ilitate sound production learning when it is directed at 

the subgroup of speech disordered children who display 

speech perception problems. 
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APPENDIX 

Stimulus Development 

All stimuli were synthesized using a cascade/parallel 

speech synthesizer ( Klatt, 1980) implemented on a DEC Vax 

11/730 computer. The stimuli for the"seat-sheet" Word 

Identification Test were'synthesized at a sampling frequency 

of 1.0 kHz while the stimuli for the " sick-thick" Word 

Identification Test were synthesized at a sampling frequency 

of 16 kHz. The Interactive Laboratory System ( Signal 

Technology, 1985) was used to manipulate the amplitude and 

duration of the fricative portions of the stimuli. 

The fricative portions of the stimuli were synthesized 

in accordance with published information about the acoustic 

properties of fricative consonants ( Abbs & Minifie, 1969; 

Harris, 1958; Heinz & Stevens, 1961; Hughes & Halle, 1956; 

Pentz, Gibert, & Zawadzki, 1979; Schwartz, 1969; Strevens, 

1960). It has been shown that / s/ noise has a very short 

spectrum with a center frequency between 3500 and 6400 Hz. 

It is reported to be more intense and longer in duration 

than other fricatives. /i'/ noise has a wider frequency 

range and a center frequency between 2200 and 2700 Hz. /0/ 

noise has a relatively flat and very broad spectrum and a 

resonant frequency above 7000 Hz. It is also the shortest 
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and the least intense of these fricatives.. It has also been 

shown that adult identifications of these fricatives are 

made on the basis of the spectral characteristics of the 

noise portion of the syllable, rather than on the formant 

transitions (although the differentiation of / f! and I0I 

depends to a large degree on the formant transistions). 

Seat - Sheet Continuum  

Each o+ 'the seven stimuli in this continuum consisted 

of ( 1) frication noise ( 110 ms in duration), ( 2) initial 

formant transitions ( 50 ms), ( 3) a steady state portion ( 100 

ms), ( 4) final formant transitions ( 35 ms), and ( 5) a 

release burst ( 20 ms). The formant ( F), amplitude ( A), and 

bandwidth ( B) values for the frication, steady-state, and 

release burst portions of stimulus 1 of this-continuum are 

shown in Table 5. The remaining six stimuli were synthesized 

with the same parameters as stimulus 1 with respect to the 

non-fricative portions of the stimuli. However the values 

for F2, 8 F3, B2, B3, B6, and A3-6 were varied in linear 

fashion across the continuum. The values of these 

parameters for the seven fricative portions are given in 

Table 6. Frequency spectra for the fricative portions of 

stimuli 1 and 7 are shown in Figure 11, and spectograms of 

the complete stimuli are shown in Figure 12. 
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Table 5  

Parameters Used to Synthesize the Frication, Steady-state, 

and Release Burst Portions of Stimulus 1 of the 

/sit/ - /Sit/ Continuum 

Parameter Frication Steady-state Release Burst 

(0 ms) ( 160 ms) (315 ms) 

AV 0 60 0 
AF 75 0 25 
FO 105 120 105 
Fl 310 310 400 
F2 1465 2020 1600 

F3 2567 2960 2600 
F4 3300 3300 3300 
F5 3850 3850 3850 
F6 4900 4900 4900 

Bi 200 45 309 
B2 87 200 120 

B3 217 400 250 

B4 250 250 250 
B5 200 200 200 

B6 2000 2000 2000 
A3 9 0 30 

A4 8 0 45 
AS 8 0 57 

A6 51 0 63 

Note: FO is the fundamental frequency and Fl, F2, F3, F4, 

F5, and F6 are the center frequencies ( in Hz) of the first 
through sixth formants. Bi, 82, B3, B4, B5, and B6 refer 

to the bandwidths ( in Hz) associated with these formants 

and Al, A2, A3, A4, AS, A6 refer to the amplitude values 

(in dB) associated with these formants. AV refers to the 
amplitude ( in dB) of the periodic voicing source and AF 
refers to the amplitude ( in dB) of the frication noise 

source. 
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Table 6  

Parameters Used to Synthesize the Fricative Portion of the 

Stimuli in the /sit/ - /Sit/ Continuum 

Stimulus F2 F3 82 B3 86 A3 A4 AS A6 

1 1465 2567 87 217 2000 9 8 8 51 

2 1528 2598 89 229 1782 17 15 15 50 

3 1590 2629 91 242 1587 25 21 21 49 

4 1653 2660 93 255 1414 33 28 28 48 

5 1715 2690 95 269 1260 41 35 35 47 

6 1778 2721 98 284 1122 49 41 41 46 

7 1840 2752 100 300 1000 57 48 47 45 

Note: The following parameters were held constant 

throughout the fricative portion of each stimulus: 
Fl = 310 Hz, Bi = 200 Hz, F4 = 3300 Hz, B4 = 250 Hz, 

F5 = 3650 Hz, BS = 200 Hz, and F6 = 4900 Hz. 
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Figure 11. Frequency spectra for the /s/ noise portion 

of Stimulus 1 ( top) and the iS'i noise portion of 

Stimulus 2 ( bottom). 
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Figure 12. Spectograms of Stimulus 1 (" seat") and 

Stimulus 7 (" sheet"). Frequency is marked in 1 kHz 

intervals on the vertical axis. 



159 

"Pete" Practice Stimulus 

The " Pete" stimulus consisted of the non-fricative 

portion of stimulus 1 except that the starting frequencies 

for the first three formants were 400 Hz, 1100 Hz, and 2150 

Hz respectively. AF was set at 60 dB for the first 10 

msec. AV rose from 30 dB at 30 msec to 60 dB at 45 msec. 

Sick - Thick Continuum 

Each of the seven stimuli in this continuum consisted 

of ( 1) frication noise ( variable duration), ( 2) Initial 

formant transitions ( 50 ms), ( 3) a steady state portion ( 50 

ms), ( 4) -Final formant transitions ( 35 ms), and ( 5) a 

releaseburst ( 20 ms). The -formant ( F), amplitude ( A), and 

bandwidth ( B) values -For the -Frication, steady-state, and 

release burst portions of stimulus 1 of this continuum are 

shown in Table 7. The remaining six stimuli were synthesized 

with the same parameters as stimulus 1 with respect to the 

non-fricative portions of the stimuli. However the values 

for F2, F3, FS, F6, B6, A6, AB, duration, and amplitude, 

were varied in linear fashion across the continuum. The 

values of these parameters for the seven fricative portions 

are shown in Table. G. Frequency spectra for the fricative 

portions of stimuli 1 and 7 are shown in Figure 13, and 

spectograms of the complete stimuli are shown in Figure 14. 
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Table 7  

Parameters Used to Synthesize the Frication, Steady-state, 

and Release Burst Portions of Stimulus 1 of the 

- /Olk/ Continuum 

Parameter Frication Steady-state Release Burst 

(0 ms) ( 140 ms) (300 ms) 

AV 0 60 0 

AF 60 0 13 
FO 105 120 105 

Fl. 320 400 300 
F2 1436 1800 2000 
F3 2583 2570 2200 
F4 3300 3300 3300 
FS 3290 3850 3850 

5335 4900 4900 
Bi 250 50 250 
B2 250 215 105 
B3 225 140 200 

94 250 250 250 
BS 200 200 200 

B6 585 1000 1000 

A3 0 0 50 
A4 0 0 45 
AS 0 0 45 

A6 41 0 45 

AB 20 0 0 

Note: FO is the fundamental frequency and Fl, F2, F3, F4, 

F5, and F6 are the center frequencies ( in Hz) of the first 
through sixth formants. B1, B2, B3, B4, BS, and B6 refer 
to the bandwidths ( in Hz) associated with these formants 
and Al, A2, A3, A4, AS, A6 refer to the amplitude values 
(in dB) associated with these formants. AV refers to the 
amplitude ( in dB) of the periodic voicing source and AF 
refers to the amplitude ( in dB) of the frication noise 
source. 
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Table 8  

Parameters Used to Synthesize the Fricative Portion of the 

Stimuli in the /slk/ - /81k! Continuum 

Stimulus F2 F3 F5 F6 B6 A6 AB Ms 1 dB2 

1 1436 2583 4290 5335 585 41 20 141 35 

2 1407 2596 4732 5768 668 37 24 132 32 

3 1378 2609 5174 6201 751 34 28 120 29 

4 1349 2622 5616 6634 834 31 32 111 26 

5 1320 2635 6058 7067 917 28 36 100 23 

6 1291 2648 6500 7500 1000 25 40 91 20 

7 1262 2661 6942 7933 1083 22 44 80 17 

Note: The following parameters were held constant 

- throughout the fricative portion of each stimulus: 
Fl = 310 Hz, F4 = 3300 Hz, Bi = 250 Hz, 82 = 250 Hz, 

83 = 225 Hz, B4 = 250 Hz, and BS = 200 Hz. 

1. Duration ( in milliseconds) of the fricative portion 

of the stimulus. 

2. Overall average amplitude ( in deciBels) of the 
fricative portion of the stimulus. 
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Figure 13. Frequency spectra for the / s/ noise portion 

of Stimulus 1 ( top) and the /&i noise portion of 

Stimulus 2 ( bottom). 
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Figure 14. Spectograms of Stimulus 1 (" sick') and 

Stimulus 7 (' thick"). Frequency is marked in 1 kHz 

intervals on the vertical axis. 
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It was necessary to use ILS in the development of these 

stimuli because the global parameters F5, F6, B5, B6, A5, 

and A6 were set at different values •for the fricative and 

non- fricative portions of the stimuli. Two versions of each 

stimulus were created with the Klatt synthesizer, one in 

which the global parameters were set for the fricative 

portion, and one in which these parameters were set for the 

non-fricative portion. ILS was then used to attach the 

fricative portion of the first member of each pair to the 

non- fricative portion of the second member of each pair. 

This system was also used to modify the amplitude and 

duration of the frication portion of each stimulus. 

"Pick" Practice Stimulus 

The " pick" practice stimulus consists of the 

non-fricative portion of stimulus 1 except that the starting 

'frequencies 'for the first three -formants are 400 Hz, 1100 

Hz, and 2150 Hz respectively. AF was set at 60 dB for the 

first 10 msec. AV rose from 30 dB at 30 msec to 60 dB at 45 

msec. 

Frequency Response of the Recording and Playback System 

All stimuli were output using a 12-bit D/A converter of 

a PDP-11/23+ computer, low-pass filtered with either a 
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passive filter ( seat-sheet stimuli) or a Wavetek 852 

Butterworth filter ( sick-thick stimuli), recorded on 

audiotape ( Maxell XLII) using a Revox BV71O MkII recorder, 

and then replayed using a Sony WM-D6C playback system. The 

frequency response of these systems was determined using a 

Bruel and Kjaer ( B&K) Sine Random Generator ( Type 1027) and 

a B&K Signal Analyzer ( Type 2033) and was found to be flat 

throughout the frequency range 50 to 8000 Hz. The frequency 

response of the headphones used in these experiments was 

also determined, using a B&K artificial ear ( Type 4152), a 

B&K condenser microphone ( Type 4131), and a B&K anechoic 

test chamber ( Type 4222). The fequency response of the 

TDH-49P .headphones used to replay the " seat-sheet" stimuli 

was found to be flat between . 5 and 4 kHz and falling at a 

rate of 10 dB per octave between 4 and 8 dB. The frequency 

response of the AKG 240 headphones used to replay the 

"sick-thick" stimuli was found to be rising at a rate of 5 

dB per octave between . 5 and 2 kHz and falling at a rate of 

approximately 2.5 dB per octave between 2 and 8 kHz. 
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NOTES 

1. Hereafter, the terms " articulation disorder" and " speech 

disorder" will be used synonymously with " functional 

articulation disorder" 

2. The SF uses a picture naming task which elicits single 

word responses to assess the child's ability to produce 

consonant phonemes in three word positions ( initial, 

medial, and final). The SPT requires the child to 

imitate 30 items ( syllables, words, and sentences) which 

contain the test phoneme in a variety of phonetic 

contexts. 

3. Two articulation disordered children were eliminated 

from the study: one failed the hearing screening and the 

other obtained a score of less than 80 percent correct 

on one of the practice blocks. Four " normal" children 

were eliminated: one normal speaking child failed the 

hearing screening, while three children were eliminated 

because they presented with " borderline normal" speech 

skills ( these children demonstrated inconsistent errors 

on phonemes which most five year olds have mastered 

according to Sander ( 1972)). 
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4. However, the referring speech pathologist reported mild 

expressive language delays for three of the children. 

One child had received therapy for remediation of an 

expressive language delay but presented with normal 

expressive language skills at the time of referral. 

5. The test statistic used to test the difference between 

two mean identification functions was as follows: 

S k  

XT  Ti•- 
j=i    

where TU is: the total number of / s/ responses for group 

i and stimulus i, n1 is the number of subjects in group 

1, k is the number of groups being conipared ( in this 

case two), and s is the number of stimuli ( in this case 

seven). The resulting test statistic is equivalent to E 

for MANOVA ( see Edgington, 1987, 11A Geometrical 

Conception of MANOVA", pp. 190-192). The probability 

value associated with this test statisti.c was determined 

by randomization test in the following manner: the data 

associated with each of the subjects in the two groups 

being compared were repeatedly permuted, or divided, 

between the groups. The data for each subject consisted 

of the vector of the number of /5/ responses for each of 

the seven stimuli in the continuum. These vectors were 
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each permuted as a unit. The test statistic described 

above was calculated for each of 1000 randomly selected 

per-mutations. The probability value associated with a 

given comparison was the proportion of the test 

statistics equal to or greater than the test statistic 

obtained from the actual division of subjects into 

groups. ( NOTE: All randomization tests applied to the 

Stimulus Set Two data and A scores were conducted with 

10,000 randomly selected permutations.) 

6. All of the children met this criteria. However, three 

children with normal articulation skills failed the 

hearing screening and were consequently eliminated from 

the study. 

7. This test entails deriving a reference set from the data 

by calculating the difference scores associated with all 

possible assignments of control and treatment sessions 

(e.g., sessions 6 through 20 - sessions 1 through 5, 

sessions 7 through 20 - sessions 1 through 6 etc.). The 

probability value is the number of difference scores 

equal to or greater than the child 's actual difference 

score divided by 10. The highest p value possible with 

any given subject is . 1. It is necessary to pool p 

values across subjects in order to obtain p values which 

are considered to be " significant" ( i.e., less than 
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.05). 

8. FO is the fundamental frequency and Fl, F2, F3, F4, F5, 

and F6 are the center frequencies ( in Hz) of the first 

through sixth formants. Bi, B2, B3, B4, BS, and B6 

refer to the bandwidths ( in Hz) associated with these 

-formants and Al, A2, A3, A4, AS, A6 refer to the 

amplitude values ( in dB) associated with these 

formants. AV refers to the amplitude ( in dB) of the 

periodic voicing source and AF refers to the amplitude 

(in dB) of the frication noise source. 


