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ABSTRACT

A COMPARISON 0¥ PHONOLOGICAL PROCESS USAGE
IN YOUNG EDUCABLE MENTALLY RETARDED CHILDREN
WITH PRE-SCHOOL CHILDREN OF NORMAL INTELLIGENCE

by
Marcia Klink

Advisers Professor Lawrence Raphael

The speech production skills of young educable
mentally retarded children and pre-school children of
normal intelligence from local schools were examined.

The experimental group contained 20 mentally retarded
children with I.Q. scores between 50 and 7?5. The first
control group contained 10 children of normal intelligzence
who demonstrated a communication handicap. The second con-
trol group contained 10 children of normal intelligzence who
had no communication handicap. All children were matched
on the basis of mean length of utterance scores between

3,0 and 5,0 which were obtained in a spontaneous speech
sample. The subjects in the study were administered the
Weiner Phonological Process Analysis Tool.

The results of the investigation showed that the phono-
logical processes can be ordered with certain processes
precluding the existence of others in children's speech

vpatterns., This ordering of the processes, based on preva-

ii




lence, was evident for all the children in the study.

The retarded and communication handicarped used a
sirnificantly greater total number of processes, and
sed the processes more frequently, than the rormal
sreaking group. VMo significant difference was fourd
hbetween itte retarded snd tte comminication handicapped
groups in the frequency analyses, Syllabic structure
analysis dermonstrated that the retarded end communication
tandicapped children used the phorological processes most
cften in CVCC structures, YNormal speaking children used

the procesases rcsast often in CCV structures,
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CHAPTER I

INTRODUCTION

Signifjcance of the Project

Articulation problems have long been recognized as
the most prevalent of all disorders of speech, Peckham
(1973) showed that 10-13% of the young school population
has speech problems., The largest category of speech de-
fects, over 60%, is that of articulation disorders, Accord-
ing to Schlanger (1953) the incidence of articulation
problems for retarded school children is higher than that
for the rest of the school age population., The pervasive-
ness of articulation disorders in retarded children is
obvious., Many of these children spend years in speech
therapy attempting to correct their multiple articulation
disorders. According to Gibson (1978) it is not unusual
for a child to be labeled as speech disordered after having
spent his/her school career receiving speech remediation,
Thus, it is obvious that more research is needed in the
area of articulation disorders so that remediation proce-

dures can be made efficient and effective,




Most analyses of retarded children's articulation
errors in the past have failed to look for patterns of
errors, Studies by Karlin and Strazzula (1952), Tarjan,
Dingman, and Miller (1960), and Lyle (1961) examined
phoneme errors on a single-sound basis only. As a re-
sult, they failed to consider sound changes that might
have been influenced by phonetic contexts., Context-
sensitive errors are not revealed and so remediation
cannot possibly be efficient since an important cause of
sound change is omitted from the analyses.

Another type of error that is omitted from single-
phoneme analyses is the patterned context-free error.

Such an error, not affected by context, is typified by
misarticulations of a set of related sounds., For example,
in a single-phoneme analysis, a misarticulation pattern
such as Ef-b S, j->d,k~>ﬂ may be characterized as a multi-
ple articulation problem, In fact, the multiple errors

are better and more simply characterized as the result of
fronting. Remediation may be more efficient if the thera-
pist focuses on a single, patterned error, rather than
three different phoneme errors.

In an effort to describe the patterns of errors found
in young children's speech, researchers have used phono-
logical process analysis. This system of analysis attempts
to describe the errors in terms of sound chances caused

by simplification procedures (Stampe, 1973, Ingram (1974),
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During the period of phonological acquisition, it has been

suggested that children systematically misproduce sounds

in their attempts to produce complex adult models, Through
the application of the phonological processes utterances
are simplified by reducing the number of phonemic contrasts,
The processes that cause these sound changes can be either
context-sensitive or context-free,

Shribverg and Kwiatkowski (1980) have asserted that
most normal speaking children use phonological processes
during the early stages of speech acquisition, However,
the frequency of the various processes in the children’s
patterns seems to vary widely. For any child some processes
may be used rarely, (e.g. epenthesis and metathesis), while
other processes may be used frequently (e.g. stopping and
weak syllable deletion),

Research by Lenneberg, Nichols, and Rosenberger (1962)
has shown that retarded children develop speech skills in
the same manner as normal I.Q., children. However, the re-
tarded children never reach the complexity levels that
normal I.Q. children achieve, and they proceed at a slower
rate to that earlier plateau in speech development, Thus,
a comparison of retarded and normal I.Q. children’s speech
productions ought to reveal similar patterns of phonologi-
cal process usage with the retarded failing to eliminate

certain processes.



Need for th tud

Recent investigations by Stoel-Gammon (1980) and
Dodd (1976) have shown the need for research into the
phonology of retarded children. Both of these studies
successfully identified phonological processes in this
special population. Although Stoel-Gammon and Dodd
demonstrated that phonological process analysis is a
fruitful area of study, they failed to produce results
that could be generalized., Stoel-Gammon used only four
mentally retarded children with no normal I.Q. children
for comparison., None of her conclusions could be tested
for statistical significance. The Dodd investigation used
a population of ten severely retarded children, Although
the retarded children were matched to normal I.Q. children,
none of the results was subjected to statistical analysis,

The need for a study with a larger population of
retarded children is evident so that conclusions can be
drawn that can be generalized to the broad population of
educable mentally retarded children. Only in this way can
statements bde na@e about the frequency and patterned use
of phonological processes by these special children.

It is also evident from the above-cited studies that
a research investigation with retarded children is needed
that more carefully controls for confounding effects of
language skills, Matthews (1971) has emphasized that lan-
guage problems often accompany articulation problems in



retarded children, Thus, retarded children who usually show
language and articulation problems might be at an inherent
disadvantage when matched to normal children, 1In the past,
researchers have controlled for this variable by matching
the children on mean length of utterance, a good measure

of language development (Brown, 1973)., However, in the
present study an additional measure was undertaken in secur-
ing control groups by locating and separating normal I.Q.
children who demonstrated language and articulation problems
from those who had no such problems, Thus, it was possible
to compare the speech skills of the retarded with normal -
I.Q. children with and without articulation and language
problems,

Through a carefully controlled matching of educable
mentally retarded children with normal I.Q. children insight
ought to be gained about the phonologic?l problems of the
retarded. The comparison should reveal similarities and/or
differences between retarded and normal I.Q. children in
the frequency and use of phonological processes., These
similarities and/or differences will have important implica-
tions concerning strategies for the remediation of phonologi-
cal problems in the retarded, At the present time no
literature has been published that suggests how remediation
for these problems should be designed.,

If the retarded children use the processes with the

same frequency and pattern as normal children , then the



results would indicate that the techniques recommended for
normal children should be effective for retarded children,
Very little research has been completed with respect to
principles of remediation of phonological errors through
process analysis, However, Ingram (1976) and Hodson (1980)
suggest that phonological processes might be eliminated in
a certain order. On the other hand, a very different im-
plication might be drawn if there were significant differ-
ences between the retarded and normal I.Q. children's use
of phonological processes, If the retarded use phonological
processes more frequently (which is quite possible since

the retarded generally have more phonological errors than
normal I.Q. children) and use the processes in a different
pattern from the normal I1.Q. children, then different tech-
niques should be investigated for remediation of their
phonological problems, A different pattern of usage might
suggest that the retarded need to focus on eliminating cer-
tain processes that normal I.Q. children do not need special
help to eliminate.

A comparison of the phonological process usage by
retarded with normal I.Q. children should also provide
support for theories of spesch development in mentally
retarded children, If the retarded children show a pattern
of dissolution of phonological processes that is similar
to normal children’s, this might lend support to the
biologically based theories of speech.development. Lenneberg
et al. (1962) and other innate theorists maintain that



normal I.Q. and retarded children acquire speech in the
same sequence but at a different rate because of differ-
ences between their biological predispositions to speech
acquisition.

Alternatively, the behaviorist theory might be sup-
ported if the data from this study showed that the retarded
children demonstrated a phonological process pattern that
was different from that of the normal I.Q. population.

The pattern differences might illustrate that environmental
stimulation and training are crucial to speech development.
Since the retarded have limited intellectual skills, they
may not profit from the stimulation in the same manner or
degree as the normal I.Q. children. Thus, differences in
the order of acquisition of phonological skills, ({.e. order
of process dissolution) would be expected in the behavior-

ist view, and if found, would support that view,

Purpose of the Stud

The primary aim of this study was to determine whether
educable mentally retarded children's pattern of phonologi-
cal process use (and dissolution) is significantly differ-
ent from the pattern of usage of normal I.Q. children, A
criterion reference system (see p.44 for a description) was
developed in order to insure that the children were consis-
tently employing phonological processes in their speech
patterns rather than using processes only in isolated in-
stances, Thus, the system provided a basis for gzuarantee-

ing an accurate description of the children's phonological




errors., The established criteria provided a basis for
testing the statistical significance of the data relevant
to the hypotheses of this study. Tests of statistical sig-
nificance based on criteria for process usage have not been
carried out in previous investigations in process analysis,
although they have been strongly recommended as crucial
tests by such researchers as, McReynolds and Elbert (1981),
Specifically, the study was implemented to determine
whether there is a significant difference between the fre-
quencies and types of phonological processes used by men-
tally retarded children and two control groups of normal
intelligence. The two control gfoups differed by the absence
vs presence of a communication handicap. The communication
handicapped group provided data on process usage by chil-
dren whose language patterns, like those of the retarded,
contain many phonological and grammatical errors. The
second control group contained children who are developing
speech and language skills normally. The use of two groups
instead of one provided for more definitive statements
about similarities and differences between retarded and
normal I.Q. children,
In summary, the purposes of the present study weres
(1) to determine whether retarded children

differed significantly from the two control

groups in the frequency and pattern of use

of the phonolngical processes examined by

Weiner®'s (1979)Phonological Process Analysis,



(2) to characterize intragroup variability
with respect to frequency and pattern of

use of the phonological processes,

H theses of the Stud

The study was designed to compare the performance of
educable mentally retarded children with normal I.Q. chil-
dren using the Weiner (1979) Phonological Process Analysis.
It is hypothesized that:

(1) Bducable mentally retarded children will
use a significantly greater number of the
16 phonological processes examined than
normal I.Q. children.

(2) Those phonological processes that are used
by both the retarded and normal I.Q, chil-
dren will be more frequently used by the
retarded than the normal I.Q. children,

(3) Educable mentally retarded children will
differ from the normal I.Q. children in their
pattern of dissolution of the phonological

processes examined,

Definjtion of Terms

The following section contains a glossary of terms
that are germane in the discussion of phonological processes
in children., Each process entry provides a concise defini-

tion and example for easy identification extracted from




10
Weiner's (1979) manual on Phonologjical Process Analysis.

Deletion of Final Consonants is a process in which
the final consonant in a word is omitted (e.g. back->Lba)),

Cluster Reduction is a process in which the speaker
simplifies a cluster of two or three contiguous sonsonants
by deleting one or more (e.g. sleep o ESG'P] ).

Weak Syllable Deletion is a process in which the
unstressed s;vllable in a two or three sylladle word is
omitted (e.g. envelope = Lén "°PJ ).

Glottal Replacement is a process in which a glottal
stop is substituted for a consonant in a word
(e.g. boat -»[be?]),

Labial Assimilation is a process in which a dominant
labial consonant assimilates another consonant to a
(bi) labial articulation (e.g. mother = L'mamq] )e

Alveolar Assimjlation is a process in which a domin-
ant alveolar consonant assimilates another consonant to
an alveolar articulation (e.g. kitten - E'l‘.t""l.] ).

Velar Assimjilation is a process in which a dominant
velar consonant assimilates another consonant to a velar
articulation (e.g. dog =D Eg)g] )e

Pre-vocalic Vojcing is a process in which a word-

initial voiceless consonant assumes the voicing feature
(e.g. plg = Lbxgl ).
Final Consonant Devoic is a process in which a

voiced consonant becomes devoiced (e.g. head =D Eh9+] ).
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Stopping is a process in which fricatives sounds

are replaced by homorganic stops (e.g. soup - [tup]).
Affrication is a special case of stopping in which
fricatives become affricates (e.g. sugar - E+$’\Jf])'
Fronting is a process whereby sounds are produced
anterior to their normal place of articulation
(e.g. shoe <> [su] ).
Gliding of Liquids is a process in which a glide
replaces a liquid (e.g. red = EW&'JJ).

Gliding of Pricatives is a process in which a zlide
replaces a fricative (e.g. fine ’EWSIH:‘ ).

Denasalization is a process in which a nasal is
replaced by a homorganic stop (e.g. mat ->[b&+J).

Vocaljization is a process in which a syllabic conso-
nant is replaced by a vowel (e.g. button < Ebdh]).

Phonological Disorders refers to the use of non-
standard phonological patterns in distributing the sounds
that are uttered., Phonological disorders result when there
is a restriction in knowledge and use of the phonological
rules which change phonological representations into
phonetic features (Shelton and McReynolds, 1979).

Phonological Procegses are patterns which simplify
syllables through deletion of final consonants, cluster
reduction, deletion of weak syllables, glottal replace-
ment, assimilation, pre-vocalic voicing, final consonant
devoicing, stopping, and gliding of fricatives, affrica-
tion, fronting, denasalization, gliding of liquids, and |
vocalization (Weiner, 1979),
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Mental Retardation refers to subaverage general
intellectual functioning which originates during the

developmental period and is associated with impairment
in adaptive behavior (Matthews, 1971).

Communicatjon Handjcap is a disability in the use
of language which can be characterized by disorders in

speech and language skills (Matthews, 1971),
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CHAPTER II
REVIEW OF THE LITERATURE

This chapter contains a critical review of the liter-
ature of the phonological skills of young children., The
first section includes a review of the studies concerning
phonological usage in children exhibiting normal speech
development. The second section contains studies that
describe deviant speech patterns of children with normal
intelligence. Section three covers research on the speech

problems of the mentally retarded population,
Phonological Processes in Normal Speaking Children

It is obviously true that the speech of young children
differs from the speech of adults. Children's phoneme pro-
duction and use deviates from the adult norm. Linguists
such as Smith (1973) have suggested that these sound devia-
tions are non-random in character and that they differ in
regular and predictable ways from that of their models.
Researchers, such as, Stampe (1969) and Ingram (1974) view
these sound changes as the result of the application of
simplification procedures to reduce the number of phonemic
contrasts, These simplification procedures have been called

phonological processes, According to Weiner (1979) phono-
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logical processes apply in speech to substitute for a class

of sounds or sound sequence, an alternative class, other-
wise identical except for the absence of the difficult
property. For example, voiced stops are difficult to artic-
ulate because their characteristic obstruction of the nose
and mouth impedes the air-stream on which the glottil vibra-
tion depends. Thus voiced stops become voiceless stops in
the example, cad -ai}ﬁn:']. |

Substantiation of phonological process use in children
has come from researchers in the field of speech and 1lin-
guistics. Longitudinal studies cited by Ingram (1976) and
Macken (1980) have shown that both English-speaking and
Spanish-speaking children use identical phonological pro-
cesses,

A cross-linguistic study by Perguson (1978) also pro-
vides proof of phonological process usage by speakers of
English, Spanish, Greek, Arabic, Aramaic, and Danish, In
all cases there were strong evidences of context-free and
context-sensitive simplifying processes of fricative stopping
and spirantization of stops. While FPergzuson used a small
population of young natives in his study, so that general-
ization is impossible, his results are impressive with respect
to individual usage,

Longitudinal case studies by Branigan (1976) and Smith
(1973) show evidence of syllable reducing processes and

sound simplification processes in children 16 to 24 months
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of age, Smith postulates that certain rule ordering tenden-
cies are apparent in the application of the simplification
processes. Thus, vowel and consonant harmony rules are

used earliest in phonological development, Later in develop-
ment, cluster reduction processes are implemented. Finally,
context-free sound simplifications are produced, Other
authors, such as Ingram (1976) and Klein (1981) have suz-
gested that certain processes such as reduplication, which
is a special case of vowel and consonant harmony, may indeed
be one of the earliest sound simplification processes used
by children., However, more research is needed to substan-
tiate the claim that the phonological processes appear in

a distinct order., Smith drew his conclusions from one case
study. More studies, involving bigger populations of chil-
dren are needed before real credence can be given to Smith's
postulation of ordering in the appearance of the phonologi-
cal processes,

The above studies concentrated on substantiation of
phonological process usage by ident;fying several different
types of processes in each child’'s pattern including:
stopping, reduplication, consonant and vowel harmony,
cluster reduction, and spirantization. The next section

will review studies of particular processes,
Assimilation

Assimilation is a harmony process, In assimilatory
processing a segment takes on the features of a neighboring

segment, In the cases of labial, alveolar, and velar assimi-
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lation, one consonant in a word influences another consonant
to take on all or some of the features of the consonant.

Por example, the word "kite" pronounced as E"“I"’] demon-
strates alveolar assimilation., Evidences of assimilation
have been noted in a longitudinal study by Menn (1971), and
in a cross-sectional study by Compton and Streeter (1980),
Various opinions of the causes of assimilation have been
offered. Schane (1973) concludes that assimilation has a
structural explanation in coarticulation, During the forma-
tion of a sound, the articulatory organs may be anticipating
the articulation for another sound, and consequently, the
first sound will be modified in the direction of the second.
Progressive assimilation may cause the articulation of the
first sound to carry over into that of the second. Other
kinds of assimilation may be related to inherent constraints
on the articulatory mechanism,

Vinhman (1978) challenges Schane's explanation as valid
only in explaining adult assimilation. Vihman concludes that
consonant assimilation may function in child phonology as
a source of substitutions for sounds that the child cannot
pronounce and/or by allowing the child to produce a multi-
syllable word by reducing the overall complexity of the word..

Final Consonant Devoicing

Final consonant devoicing is the process of unvoicing
voiced consonants when they appear at the end of a word,

According to Leopold (1947) devoicing of final consonants
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has been observed in several languages, Oller, Wieman,
Doyle, and Ross (1976) and Ingram (1974) suggest that
devoicing serves as a means of simplifying children's pro-
duction through the basic assimilatory process,

Smith (1979) offers an aerodynamic explanation for
final consonant devoicing. As the volume of air in the
lungs decreases, subglottal pressure decreases unless ex-
piratory muscle activity is increased, This causes more
devoicing finally than initially, Since children and adults
cannot often overcome physiological restraints, they devoice
final consonants, Stampe (1973) sees consonant devoicing
as the result of universal phonological process which causes
voiceless stops to be substituted for voiced ones. He
agrees that lack of physiological control is a factor in
consonant devoicing but emphasizes that a universal phono-~
logical process is also operating in children. However,
Stampe has not as yet offered any proof that the two factors

are present in children's speech.
Pre-vocalic Voicing

Pre-vocalic voicing is the process of changing voice-
less stops, such as Ep] to a voiced stop Eb:l when
they appear before vowels in the initial position of words.
Ingram (1976) identified pre-vocalic voicing as a process
in the Velton diary study, and conjectures that most, if not
all, children have a period of phonological development that

includes voicing initial voiceless stop consonants. Kewley-
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Port and Preston (1974) reached the same basic conclusion
in their spectrographic study of initial stop production in
children six months to four and one-half years. They con-
cluded that short voicing lag stops (English /bdg/) have
less complex articulations for the child to control than
long voicing lag stops (English /ptk/). Their data reveal
that there is a predominance of English /bdg/ in children's
early utterances. The voicing pattern of /bdg/ fits into
Stampe's pre-vocalic voicing catezory. However, he conténds
that since the child can produce a voiceless stop in other
sound positions, this is proof that a process is in operation.
Many would object to Stampe's view since the same articula-
tory maneuvers and skills are not used in initial and final
consonant production. Phonetic context plays an important
role in sound production and so must be considered when

equating the two sound productions.
Deletion of Final Consonants

Deletion of final consonants is a syllable structure
process that operates most especially on CVC syllables and
so results in reducing words to a basic CV syllable. Accord-
ing to Albright and Albright (1956), this process has been
noted in the early speech development literature for many
years, It seems that most children start to talk using the
open syllable, Usually, in less than three years, they have
also learned to use consonants for closing the syllable.

Renfrew (1966) and Panagos et al. (1979) state that final con-
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sonant deletion is used to reduce syllable complexity in

the direction of the CV syllable., The child has the mental
representation of the CVC structure, but perhaps, because of
cognitive and linguistic shortcomings produces the CV,

Ingram (1974) on the other hand, believes that the child
passes through a significant part of his early phonological
development with incorrect perception of the adult sound
system, The CVC syllable may be heard as only a CV syllable,
No conclusion can be made at this time as to whose interpre-
tation is correct, Research is still in progress to determine
the relationship between perception and production. Some
researchers, such as Braine (1974), believe that perception
skills are ahead of production skills, The question of the
relationship between perception and production is an area

of discussion that affects not only the use of final conso-
nant deletion, but the use of other processes in simplifica-

tion,
Cluster Reduction

Cluster reduction is the process by which the child
simplifies contiguous groups of consonants, These deletions
are usually non-random. Greenlee (1974) proposes general
stages of development of consonant clusters:

Stage 1: Deletion of entire cluster

Stage 2: Reduction of cluster to one member

Stage 3s Use of cluster with substitution for
one of the members

Stage 41 Correct production |

Greenlee collected data from studies of children learnine
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six languages, Although the use of cluster reduction was

widespread among the children, not all words gave evidence
for each stage. Greenlee conjectured that the absence of
certain stages migzht be the results of infrequency of the
words of a particular type of cluster in the child's vocabu-
lary, use of an avoidance strategy, and/or gaps in the data
collection, Greenlee’s conclusions can bde only tentatively
held as possibilities, since none of his data were subjected
to statistical analysis because of his small population

In addition, Greenlee only examined stop + liquid clusters,
and so the results cannot be automatically generalized to
all types of sound clusters,

Bond (1981) proposes that some children do not just
reduce clusters but use long voice onset times (VOT lags)
to mark stops that sudbstitute for clusters, These children
may be perceptually unaware of the difference betwesen
voiced stops, and clusters, Or, they may substitute VOT
lags because they are unable to control the complex articu-
latory gestures required for the articulation of clusters,

Menyuk and Klatt (1975) presented spectrographic
evidence that seems to contradict Bond‘'s proposal, Menyuk
and Klatt found that stops in clusters did not show long
VOT lags. The VOT of stops in initial clusters when spoken
by eleven children were compared to the VOT of stops in
clusters by two adults, The VOT was longer for the chil-
dren than the adults in cluster production but not sig-

nificantly, according to their data., The discrepancy
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in the results of the Bond and Menyuk and Klatt studies
may be due to the different stimuli anq age of the chil-
dren employed in the studies. Bond (1981) examined only
/s/ plus stop clusters with 3,0 to 8.7 year old children,
and Menyuk and Klatt (1975) used stop + liquid clusters
with children between the ages of three to four years,

Weak Syllable Deletion

Weak syllable deletion is a common syllable structure
process that occurs when the child attempts a word that
contains more than one syllable, The unstressed syllable
is deleted in two or three syllable words, Ingram (1974)
notes the following stages of development:

1, Deletion of unstressed syllable in two-
syllable words
2, Neletion processes in multi-syllable words
a, Initial unstressed syllables reduced in
two-8yllable words
b, Deletion of all unstressed syllables in
three-syllable words
¢. Deletion of only unstressed initial
syllable in three-syllable words
Ingram (1974) admits that the above proposed stages are
only impressionistic stages gleaned from his review of
diary studies by Leopold (1947), Velton (1943), Menn (1971)
and himself, Ingram (1974) further notes that weak syllable

deletion lasts longer than deletion of final consonants in
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normal speech development, Weak syllable deletion is often

found through age four,

Klein (1981) concurs with Ingram that there are develop-
mental stages in children’s mastering of multi-syllable word
production. Klein suggests that the production of only the
accented syllable when attempting a multi-syllable word is
the most primitive of the syllable-reducing processes, Weak
syllable deletion is a process which is eliminated later.

Glottal Replacement

Glottal replacement is a special syllable structure pro-
cess, The glottal stop serves to mark the place of the con-
sonant that is deleted, In the word "kitchen” pronounced as
EKI?QI\] the glottal stop marks the place of I‘H l which
was deleted., Glottal replacement frequently accompanies dele-
tion of final consonants, and most often occurs in the inter-
vocalic position. Bernthal and Weiner (1977) observed that
glottal replacement in some children served a contrastive
function to prevent homonyms (e.,z. tooth [funand two ['ﬂa]).
Shriverg and Kwiatkowski (1980) noted that while glottal
replacement is used by some children, it is not a prevalent
process in normal speech development, According to Schlangeri,
glottal replacement might be only a dialectal variation that
is used among certain groups of people, especially among

speakers in Ireland, Scotland, and New York City.

1Schlanger. B. (personal communication, City University,
New York.
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Stopping

Stopping is a feature contrast process, It affects
entire classes of sounds in a context free manner,
Stopping occurs when a fricative or affricate is replaced
by a homorganic stop. Examples of stopping include the

following substitutions:
[ v ->bvacuum-> baekjum
z->d =zipper > d:rpu
§ >+ thumb> +am
>+ chew => tu

?3-»4 jume => damp]
The substitution of stops for fricatives and affricates
in early speech development has been noted by many
researchers. Jakobson (1968) identified this pattern
without specifically calling it stopping. More recently,
Moskowitz (1975), Clumeck (1977), Willbrand and Klein-
schmidt (1978), and Waterson (1978) have proclaimed this
process a frequent one in early childhood speech,

None of the above studies firmly established that
the process of stopping was actually in the children's
patterns, No criterion was set as to how many times the
process occurred so that it could be considered a process
in consistent use. Also, the authors failed to establish
that the process affected more than one sound in a child’s

rattern, If the process affected only one sound, an argu-

ment might be offered that stopping of a fricative is just
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another description that yields no new information beyond

previous descriptions of distinctive feature analysis

- sibilanc
that stopping is just [_ continna;cg in a E b/\/;.]

substitution.
Gliding

Gliding is a process that consists of the substitution
of a fricative or affricate for a glide, Thus, it has been
associated with stopping. Examples of gliding include:
Ejo‘)] for soap, sz;] for fish, and LJ 5x] for joy.
Based on observations and a review of 15 diary studies,
Ingram (1976) proposes five stages of acquistion of frica-
tives and affricates that show gliding and stopping
intricate processes in development:

Stage ] s Non-use or deletion of fricatives
and affricates
Stage 2: Stopping of fricatives and affricates
Stage 331 Widespread appearance of continuanfa
with glides and liquids as possible
early substitutions
Stage 43 Acquisition of most fricatives except
/18 %, v/
Stage 5: Acquisition of fricatives and affricates
complete,
Thus in the course of normal speech development, stovrving
and gliding of fricatives and affricates are but two stages

in the final mastery of these two classes of sounds,
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Ingram's stages now need to be statistically tested in

controlled speech samples to determine whether these trends

are verifiable stages of phonological development,
Fronting

Pronting is a process whereby sounds are produced
anterior to their normal place of production. Fronting
commonly occurs in velar stops but also can occur in frica-
tives., Examples of fronting includes [?+f:] for key,

Es uJ for shoe, and EdoJ for go. This process has been
cited in the speech of normally developing children by Shibdba-
moto and Olmsted (1978). Ingram (1976) also noted the
process in a cross-language study of two children, one
English and one French. He suggests that fronting reflects
a constraint on the order of appearance of consonants in
children's words., Fronting has been explained by Ingram
(1976) as part of the universal markedness theory. Fronting
appears to show that there is an unmarked/marked relation-
ship between the target phoneme and the substitution, The
sound substitution involves the use of an unmarked sound for
a marked sound., It is proposed that front consonants are
less marked than back consonants in syllable initial posi-
tion. This causes a fronting of the back consonants in
sound substitution. Ingram found evidence of this in his

study. However, researchers such as Menn (1975) have found
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instances where the principles of the markedness theory

have not been substantiated in children‘’s speech patternms,
Gliding of Liquids

Gliding of liquids is a process in which /1/ and /r/
may be replaced by /w/ or /j/. This replacement is seen
as a simplifying process because /w/ and /j/ are two of the
earliest sounds used by a child, Examples of gliding of
liquids are [N 333 for log and Zu CJJ for red.
Evidence of this process has been found in the cross-
sectional studies by Schwartz et al. (1980) and Locke (1972),
and in a longitudinal case study by Edwards (1971),
Ingram (1976) claims that gliding of liquids is but
one stage of normal acquisition of liquids., He stipulates
that the order of acquisition of liquid production includes
the following stages:
1, Stopping
2, Gliding
3. Liquid Substitution
Bdwards (1971), however, did not note these stages in her
longitudinal study. It appears that more research is needed,

since these conclusions are based on so few subjects,
Vocalization

Vocalization is a process in which syllabic consonants

are replaced by vowels, most frequently /v~ and /0/.
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Examples of this process are E,,,e.rbo'r_', for table and
Ek"‘ v'rJ for cover, Two longitudinal studies (Leopold,
1947; Adams, 1972) provide numerous examples of vocaliza-
tions, Leopold (1947) found that the vowel that revlaced
the liquid was assimilated totally to the precedinz vowel
(e.g. hammer > [ h 3ma]») o Adams (1972) found that

E "J and Er] became E“J at 1.7 years, and
LOJ at 1,11 years. No detalled analysis was given by
Hodson and Paden (1981), but their cross-sectional study
contains evidence of vocalization in 60 four year old
sudb jects,

According to Bronstein (1960), vocalization of
syllabic consonants can be considered dialectal variations.
Thus, carefully controlled research i1s needed to rule out
the possibility that vocalization is not a dialectal var-
iation, and is a process in usage in children identified
as using phonological processes, The above cited studies
did not address this problem in their results and discus-

sion,
Denasalization

Denasalization is a process that affects an entire
class of sounds, The nasals / ma, 3 / are replaced by
their homorganic stops. This process usually affects
word-initial and word-medial nasals more often than word-

final nasals, Velton (1943) showed this vrocess in his
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case study, However, according to Ingram (1976), the
process does not appear to be an especially vrevalent
one,

Denasalization has been cited in studies by Shelton
and McReynolds (1979) as a distinctive feature error.
They describe the Em'b b, 0-74, 3-93] substitutions
as an error in which [#nasal}-o[-nasal] . 1t is difficult
to verify whether denasalization is a process or a feature
error. Both descriptions appear applicable in describing

children's speech patterns.
Affrication

Affrication is a special case of stopring. In this
process fricatives become affricates. The process seems
to happen more often for sibilant fricatives than any of
the other fricatives., Through affrication "zipper"” be-
comes Edzxra] and “seen" becomes E+sin:] . Hodson
(1980) conjectures that affrication takes place when the
child is in the process of learning svecific continuant
phonemes, Affrication is an interim process in stabiliz-
ing the correct use and vproduction of fricatives, In the
first stage stops are substituted for fricatives. 1In the
second stage, affricates are substituted for fricatives,
In the final stages, fricatives are used according to the
adult standard model. While Hodson (1980) states that chil-
dren often demonstrate this process, she provides no

documentation, However, it has been identified on a some-
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what consistent basis in the spveech of phonolozically

disordered speakers by Compton (1970) and Weber (1970).
Miscellaneous Processes

The list of natural processes could be considerably
extended to include epenthesis, metathesis, diminution,
backing, and coalescence, Shriberg and Kwiatkowski (1980)
contend that these processes are rarely used by children
during normal speech acquisition. In addition, since
these processes were not specifically tested in this
research project, they will not be discussed in this

section.

Deviant Speech Patterns of Children of

Normal Intelljigence
Unintelligzible Speakers

The studies in this section were of children whose
speech is characterized as unintelligible, Their articu-
lation errors are all described as phonological disorders
which reflect the operation of simplification vprocesses,

It is proposed here and by such researchers as Weber (19¢OJ.
Hass (1963), and Willbrand and Kleinschmidt (1978) that

the processes used by unintelligible speakers are the same
as those used by normal speakers, differinz only in the

number and extent of process usage,
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Weber (1970) examined the sveech of 18 subjects who

demonstrated 20 or more errors on the Temvlin-Darley
Articulation Test. He noted that children with moderate

to severe speech problems used the vrocesses of fronting,
stopoing, denasalization, consonant devoicine, «liding

of liquids and affrication., These same processes have

been noted in the patterns of normal developineg sveech
children. However, according to Ingram (1981), the exten-
sive use of denasalization and affrication is unusual among
normals,

Hodson and Paden (1981) tested the speech of 60 unin-
telligible and 60 intelligible children, The unintelli-
Zible children showed evidence of liquid deviation, cluster
reduction, stridency deletion, stopving, assimilation, and,
to a lesser extent, final consonant devoicing, backing,
syllable reduction, pre-vocalic voicing, and glottal re-
placement. The intelligible children used only final
consonant devoicing consistertly, and did not use glottal
replacement and backing, They did use other processes, but
less frequently than the unintelligible children. Hodson
and Paden concluded that the unintelligible children
differed from the intelligible children not only in the
number, but in the kinds of processes that were used.

This sweeping conclusion may be seen as a slight distortion
of facts, if we considered that only two processes were not

used by the normal speaking children. It might have been
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because of the sampling techniques emploved that these
rare processes were not tapned. It is doubtful that one
can say that the unintelligible children were deviant or
bizarre in their use of the processes based on the data
from this study,

In a study by Weiner (1981), the speech vatterns of
14 unintelligible children between the azes of 3,5 and 5,10
were examined., While the patterns were not analyzed with
respect to specific phonological processes, certain extra-
volations can be made from the data, Weiner noted that
sound replacement was usually specific to a varticular
vhonetic environment. This means that certain phoneme
changes were context sensitive, as in labial, velar, and
alveolar assimilation. He also pointed out that a group
of sounds having certain features in common was represented
by a restricted feature arrangement. Again, this finding
suggests the presence of phonological processes, That is,
errors in several sounds can be expressed as one error

pattern affecting several sounds, rather than as several

individual unrelated errors.

Hass (1963) completed a case study of one child whom
he labeled as a multiple articulation disorder case. He
identified the following processes in the child‘'s speech:
glottalization, cluster reduction, deletion of final con-
sonants, and zliding of liquids. Althougzh this was a

8ingle-subject investigation, it does supvort the zeneral
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findings of larger pooulation studies.

Another single-subject study was completed by Will-
brand and Kleinschmidt (1978). Their subject was a four-
year old child with unintelligible speech. They found
the following processes in the child's patterns pre-vocal-
ic voicing, devoicing of final consonants, stopping,
fronting, gliding of liquids, and context-sensitive
errors. Again, the same processes are noted as in the
other studies of unintelligible children, excent for
pre-vocalic voicing., According to <he diary studies of
Leopold (1947) and Velton (1943), this process is often
found in the speech of very young children. Therefore,
it is not a bizarre vrocess, just one that is normally
eliminated from their pattern by the time they are four
years old.

All the children in the stpdies reviewed so far in
this section were labeled unintelligible. One wonders
whether they are any different from the children in the
following section who were labeled language disordered/
delayed with speech problems. In none of the studies did
the authors describe any efforts to test the language
skills of the phonological disordered children, It coulad
be that some or all of the phonologically disordered chil-
dren also had weaknesses in grammar and vocabulary, skills

that rendered them as being language disordered/delayed,
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Language Disordered/Delayed Speakers

Schwartz et al. (1980) examined the speech of three
language disordered and three normal speaking children
who ranged in age from 1,7 to 3.7 years, with a mean
length of utterance range from 1.0 to 1,3, The total
number of processes evidenced was the same for both grouvs.
In general, the phonological processes used by the language
disordered were not substantially different from those
used by the normal speaking children. The most frequent
process in both groups was deletion of final consonants,

Bdwards and Bernhardt (1973) found some evidence
which conflicts with the Schwartz et al, study. They
tested the speech of four language disordered children
who exhibited a greater total number of processes and who
applied them less consistently than normal speaking con-
trols. Although the language-disordered children used
more processes, the processes were not unique to this
population. A unique aspect of their patterns of process
use was that they were using processes at a time when they
were producing multi-syllable words, The normal sveaking
children exhibited the processes only during the period
when monosyllables predominated. This fact has been shown
by other researchers, who have shown that language disor-
dered children use processes for a longzer time than normals.

As a result, their sveech and language vrofiles look
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disordered rather than merely delayed. Thelr profiles
are characterized by growth in the use of complex syll-
ables with a lack of phonological development'because of
the retention of processes normally found only in simple
CV and CVC structures,

In another study by Oller (1973), five children with
delayed speech showed cluster reduction, vocalization of
liquids, and reduplication. These processes are seen in
normal speaking children,

The final study in this section is an investigzation
by Bond (1981) which focused on /s/ stop clusters., Ten
children diagnosed as language delayed were tested, The
children ranged in age between 3.0 and 8,7 years., Ninety-
five percent of the /s/ clusters were produced as singleton
stops. This type of cluster reduction is commonly found
in normal speaking children.

Although each of the studies involving langzuage dis-
ordered children employed only a few subjects, their find-
ings were similar to those studies of the normal speaking
and unintelligible children. One is left with the impres-
sion that the phonological processes used by the languaze
and speech delayed population are the same as those used
by other populations, Further, there is the possibility
that the high total number and inconsistent use of the
processes to a relatively late chronologzical age are
distinguishing characteristics of this group., More

research is needed using larger and better defined popula-
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tions,

Speech Problems of the Retarded

According to Tarjan et al. (1960), one of the most
commonly occurring handicaps among retarded children is
speech impairment. Numerous incidence studies by Burt
(1937), Sirkin and Lyons (1941), Schlanger (1953) and
Reynolds and Reynolds (1979) have yielded rates of speech
impairment as low as 5% and as high as 94% for these chil-
dren. The droad range of figures may be attributed to the
fact that the studies employed, variously, retarded chil-
dren from institutions and community-based residences,
with ranges in I.Q. from trainable level to educable level.
For the purpose of this study, the figures of Spradlin
(1963) might be most realistic since he drew his popula-
tion from special education classes in the pudblic schools
(as this researcher has done), Spradlin reported that
some classes had speech impairment rates as low as 8% and
other class had rates as high as 26%,

Certain researchers, such as Gibson (1978) and Dodd
(1976), have proposed that one cannot group retarded chil-
dren with different medical etiologies when describineg
their characteristic speech patterns., Because of this
notion, Down Syndrome children have often been separated
from other retarded children. It is emphasized by Gibson
(1978) that Down Syndrome children might demonstrate more

gsevere articulation probvlems than other retarded children



36
because of their structural vocal differences, However,
Siegel (1972) points out that the vocal system is very
robust and capable of sustaining considerable insult,
Individuals have learned to speak effectively without a
tongue or a larynx, or with extreme deviations in dental
structures., It is clear that a person can make compensa-
tions for an abnormal speech mechanism. Therefore, deviant
speech cannot be entirely attfibutod to the deviant struc-
tures,

Lenneberg, Nichols, and Rosenberger (1962) illustrated
this point in a study with Down Syndrome children, They
concluded that the physical deficiencies of three of these
children did not significantly correlate with either the
onset of language or clarity of articulation, It was,
rather, intellectual limitations that made the significant
impact on speech behavior. Speech skills appeared to pla-
teau at a primitive level as compared with normal develop-
ing children. Thus, a universality of physical structures
coupled with speech lag or deficit in Down Syndrome individ-
uals is difficult to support.

A more recent study of the speech skills of Down
Syndrome children attempted to explain their speech problems
as phonological errors, rather than looking at possible
but weskly ~orrelated, physical factors as causes, Stoel-
Gammon (1980) gathered speech samples from four children

who ranged in age from 3.10 years to 6.3 years, Ninety
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percent of the phonological errors occurred on consonants,
The following phonological processes were noted:

1, Deaspiration of voiceless stops

2, Stopping of fricatives and affricates

3. Gliding of liquids

4, Vocalization

S. Pinal consonant devoicing

6. Pinal consonant deletion

7. Glottalization
Except for glottalization and deaspiration, Stampe (1973),
Ingram (1974), and Weiner (1979) have noted all the cited
phonological processes in the speech of young normal
developing children, According to Shriberz and Kwiatkowski
(1980), glottalization and deaspiration are rare but evi-
dent processes in normal I.Q. children, The main differ-
ence, according to StoelsGammon (1980), that separates the
retarded children's speech pattern from the normal chil-
dren's pattern is the retention of the phonolozical pro-
cesses to a later chronological age., This conclusion,
however, could not be generalized to the broad retarded .
population, since only four subjects participated in the
study,

In a study by Dodd (1976), phonological processes
were reexamined in ten retarded children matched in mental
age to ten children of normal intelligence. The results
gshowed that both groups used the processes of cluster

reduction, consonant harmony, unstressed syllable deletion,
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gliding of liquids, denasalization, and final consonant

deletion, It was also noted that the Down Syndrome chil-
dren showed more instances of the processes than the other
retarded children in the study. No statistical signifi-
cance was attached to this latter result.

A comparison of the results of the Stoel-Gammon
(Down Syndrome children) and Dodd (retarded children)
studies reveals both similarities and differences in pro-
cess usage by the two retarded groups. Both zroups used
gliding and final consonant deletion. However, Stoel-
Gammon identified deaspiration, stopping, vocalization,
final consonant devoicing and glottalization, while Dodd
found cluster reduction, consonant harmony, wéak syllable
deletion, and denasalization., The identification of dif-
ferent processes in the two studies may be caused by the
use of different sampling techniques, Stoel-Gammon gzath-
ered spontaneous speech samples, This method might have
restricted the appearance of certain processes because of
topic and/or word choice. The Dodd study elicited the
speech sample through a picture naming task. This method
insured the appearance of certain processes and eliminated
others., Studies with large populations of both types are
needed before one can draw any definite conclusions about

the differences between them,
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CHAPTER II1
METHODOLOGY
Subject Selection

The children in the experimental group and the control

groups were matched on the following characteristics:

1.

2,

3.

Se

Mean length of utterance between 3,0 and

5.0 morphemes

No emotional disturbance or significant
hearing loss and oral mechanism within normal
limits as determine by peripheral speech
examination

Membership in a non-institutional community-
based living unit

Membership in the lower middle class of soclo-
economic status as determined by the Parent
Occupation Scale of the Index of Status Char-
acteristics (Warner, Meeker, and Rells, 1960)
Equal percentage of males and females in

each group

The experimental group contained 20 children (ten males

and ten females) who were educable mentally retarded (EMR)

and possessed the following characteristics:
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1, School records of psychological evaluations

that showed diagnostic classification for EMR
placement, and Peabody Picture Vocabulary
Test scores that yielded an IQ. between 50
and 75.
2, Chronological age between 4,0 and 7.2 years
3. Demonstration of a communication handicap
characterized by multiple articulation
problems and language problems
L, Participation in a speech therapy group
The first control group contained 10 children (five
males and five females) who were communication handicapped
(HNC) and demonstrated the following qualities:s
1. Peabody Picture Vocabulary Test score
that ylelded an I.Q. between 92-112
2, Chronological age between 3,0 and 4,7 years
3. Demonstration of a communication handicap
as diagnosed by school speech therapist
4, Participation in a speech therapy group
The second control group contained 10 children (five
males and five females) who were normal speaking (NC) and
demonstrated the following traits:
1, Peabody Picture Vocabulary Test score that
yielded an I.Q. between 91 to 141
2, Chronological age between 3.0 and 4,4 years
3. No communication handicap

4, No speech therapy experience
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The public school or educational center records

provided the above background information, The I1.Q.
scores were derived from the Peabody Picture Vocabulary
Test (Dunn, 1965)., The mean length of utterance measure
was obtained by eliciting a spontaneous speech sample
after showing the child a story sequence picture set,
Guidelines for scoring the responses were followed as
suggested by Roger Brown (1973). (See mean length of
utterance rationale section, p.51.) Statistical analysis
of variance showed no significant difference between the
experimental groups, based on MLU, The mean was 3.7 with
a standard deviation of % ,7,

The children in the EMR and the HNC groups were
diagnosted as communication handicapped by the school
certified speech pathologist. All these children showed
multiple phonemic errors and grammatical errors that ren-

dered them unintelligible at times,

8 ¢ al d

Protocols

The following protocol was observed for each child
who participated in the study:s
l, A speech sample was obtained by having the
child respond to the Weiner Phonological
Analysis tool (PPA) as specified in the manual
(Weiner, 1979; see Appendix A for sample).
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2. The spontaneous speech sample was obtained
by having the child tell a story in response
to a picture set.

3. A peripheral speech examination was performed
on each child,

4. The Peabody Picture Vocabulary Test was given
to each child.,

Speech Samples

The speech samples were audio recorded on a Centrex
KD-12 recorder, model number WE-065777. The data were
transcribed and analyzed by the author and corroborated
by an independent ASHA certified speech patholozist, and
a speech scientist, The speech pathologist and speech
scientist listened to the tapes and transcribed the utter-
ances, which were then compared to the stimuli and the
author's transcriptions. Three practice sessions were
held by the transcribers in the study. 'Results were veri-
fied by an onsite listener at the taving session. Inter-
scorer reliability was .95 on the tapes for the study., Lis-
tener reliability scores were ,97. When the listeners trans-
cribed the utterances differently, a consensus of og;nion

was reached after listening to the tapes several times,

Phonological Process Analysis

The speech sample, elicited through the use of the PPA,

was then used to identify the following phonological



processes (see p.49 below, for a description of the major

process categories):

1, Syllabic Structure Processes

a,
b.
C.

d.

Deletion of Final Consonants
Cluster Reduction

Weak Syllable Deletion
Glottal Replacement

2. Harmony Processes

a,
b.
Ce.
d.

Labial Assimilation
Alveolar Assimilation
Velar Assimilation
Pre-vocalic Voicing

Pinal Consonant Devoicing

3. Feature Contrast Processes

a.
b.
Ceo
d.
e.
f.
&

Stopping

Gliding of Pricatives
Affrication

Pronting
Denasalization
Gliding of Liquids

Yocalization

The PPA manual suggested that a process profile bde

used to report the frequency of each of the 16 phonologi-

cal processes sampled, The test score represented the

number of times that processes occurred within stimuli

specifically chosen to elicit that process, For example,

43
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eight words were chosen by the author of the PPA to
elicit final consonant deletion. Since each word is
repeated twice by the child, 16 occurrences of final
consonant deletion are possible., The nontest score repre-
sented the number of times a process was used during the
PPA sampling, while specifically testing for a different
process, As a result, the examiner noted, for instance,
the occurrence of final consonant deletion, while testing
for the process of affrication. The total frequency score
was the sum of the test scores and the nontest scores,
This was labeled sum structures., A statistical analysis
showed a high correlation between the test score and the
nontest score (see Appendix B)., Weak syllable deletion
was the only process that did not have a nontest score.
No opportunities were availadble in the PPA for observing

]

weak syllable deletion, except for the test items,
t Refer f

The process profile also contained a column for a
process usage decision. This plus or minus scoring repre-
sented whether, for each process, the child was actually
using the process on a consistent basis or if the scores
reflected an infrequent or rare occurrence which would
not require remediation by a clinician. Because the PPA
manual did not present criteria for determining process
usage, this researcher devised a scoring procedure that

was effective in analyzing the results of the PPA sample.
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A score of one represented repeated usage and a score of
zero meant rare or non-usage. A zZero usage score was
given if the subject amassed no more than two instances
from the test score, For instance, a process would receive
a zero usage score if the subject scored 2/16 test and
0/42 nontest. A score of one was given if the subject
scored 3/16 test and 0/42 nontest,

The final score in the profile was the sum process
score. The sum process score was simply the sum of all
process usage scores, Thus, a sum process score of 14
represented 14 usage scores of one and two usage scores
of zero. High Spearman correlations (see Appendix C)
weres found between the sum process scores and the frequency
of process scores, or sum structure scores for each group

of children,
P (o] (o] 1

The Phonologial Process Analysis is designed to elicit
responses in an imitative task., Studies have led to differ-
ing opinions concerning the effects of imitation in the
child*'s articulatory responses, Of these studies, only
three have tested pre-school children. In Templin‘’s (1947)
classic study, 100 pre-school and kindergarten children
were tested., Her results indicated that the difference
between the articulation scores on the spontaneous and

imitafive methods were not significantly different for the
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children tested. A similar study was completed by Kresheck
and Socolofsky (1972). The assessment of spontaneous and
imitative articulations of four-year-old children yielded
no significant difference between the two methods, except
in the asséssment of sound blends. A final study by
Paynter and Bumpas (1977) showed no statistical difference
in imitative and spontaneous methods of articulatory assess-
ment of three-year-old children. ‘Thoreforo. using an
imitative task is a valid method to assess articulatory
skills in young children,

The imitative technique of articulatory assessment
has inherent benefits that made it the preferred method
in this study. An imitative task insured that all the
phonological processes under examination could appear in
the sample of each child. In addition, the task also per-
mitted counts of possidble occurrences of a process, By
controlling the vocabulary produced by the child, counts
could be equalized for all the children, For example,
there were 92 words in the PPA that contained liquids,
This meant that the child had 92 opportunities to use the
process of gliding of liquids. Since each child had the
same 92 opportunities, comparisons could be made between
the children in terms of either absolute number or the
percent of usage, If spontaneous speech samples had been
used the basis for comparisons could have been only percent

of usage, and intersubject variability in number of oppor-
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tunities for use of a particular process would have

limited the validity of such comparisons, Por example,
if a child used gliding of liquids ten times and another
child used it five times, it would be misleading to note
that the first child used the process more often than

the second. If the first child said 20 words that con-
tained liquids, his rate of use would be 50%, If the
second child used five words that contained liquids, his
rate of use would be 100%. And, of course, the second
child’s rate of use might be artificially higzh because of
the restricted samplings one cannot be sure that the next
15 possible occurrences would have resulted in an unvary-
ing use of gliding of liquids,

Another problem that might occur with the word choice
freedom of spontaneous speech would be that a certain pro-
cess might not be tapped just because a child did not
happen to use any words that day from his repertoire that
would give him the opportunity to use that process, A
zero process score for process usage in such an instance
would, of course, be meaningless if that particular pro-
cess were Jart of the child's phonological system,

Another benefit that made the choice of the PPA
instrument imperative was that the task insured correct
identification of the target word. Since all the children
in the educable mentally retarded group and the communica-

tion handicapped group were unintelligible at times, it
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was extremely valuable to know the target words when assess-
ing their phonological productions. Having a definite
reference for analysis meant that responses that were
radically phonemically different from the model still could
be used in the analysis. Spontaneous speech samples would
contain utterances with multiple sound substitutions, It
would be difficult for the listener to know what the target
was, As a result potentially valuable responses would have
been eliminated from the data.

Another point in the rationale for the use of an exclu-
sively imitative speech sample is that a combination of
spontaneous speech sample and imitative speech sample would
not have accrued any significant benefits for this study.
Since research by Templin (1947) has shown that both types
of samples yleld results that are not significantly differ-
ent in the description of phonological errors, the additional
materials would not have made a significant impact on the
results., In addition, since the spontaneous speech responses
would have to be a simple count of process usagze as opposed
to the percent of possidble occurrence usage of the PPA,
the combined results would have caused skewing of the data,

A final point in the rationale for the use of the PPA
is that a primary purpose of the study, to examine differ-
ences between the retarded and normal I.Q. populations,
would not have been well served by obtaining exclusiv;ly

spontaneous speech samples. Spontaneous speech sampling ‘s



b9

appropriate for small group studies, such as those of
Stoel-Cammon (1980) and Menn (1976), Since the purpose

of this study demanded a large number of subjects, the
spontaneous speech task would not have been a practical

or efficient method of eliciting a large corpus of utter-
ances from a large group of children. Thus,a delayed
imitative task was the best choice of examining instrument.

According to Weiner (1979) Phonological Process
Analysis is a diagnostic tool that is designed to provide
a description of a child's sound system on the basis of
syllable development and influences of phonetic context.
One hundred thirty-six action pictures are used to elicit
articulatory responses, All responses are sampled both as
single words and in context of a sentence by the elicitation
techniques of delayed imitation and sentence recall, The
stimulus items are organized by phonological processes,
Identification of these processes is based on the assumption
that children use phonological processes to simplify their
speech production,

There are three ma jor categories of phonological
processes (see p,43 )., The first category is called Sylla-
ble Structure Processes and contains processes that operate
to simplify syllabic structure in the direction of the CV
syllable., The Syllable Structure Processes includes dele-
tion of final consonants, cluster reduction, weak syllable

deletion, and glottal replacement. The second category is
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called Harmony Processes and it operates to preserve sound

harmony within words., Harmony is achieved when a sound be-
comes similar to another sound within the word (e.z. dog -
Eg)j] ). The Harmony Processes include: labial assimi-
lation, alveolar assimilation, velar assimilation, pre-
vocalic voicing, and final consonant devoicing., The third
category is called Feature Contrast Processes and it oper-
ated to reduce feature contrasts to a manageable number,
The Feature Contrast Processes includes stopping, gliding
of fricatives, affrication, fronting, denasalization,
gliding of liquids, and vocalization. It is believed that,
as the child begins to gain control over his speech and
suppresses these early tendencies, syllable structure be-
comes more like that of an adult, and as a result the words
become less symmetrical and the repertoire of features‘'is
expanded.,

The Phonological Process Analysis is a diagnostic
assessment tool that has been standardized on 100 children
‘'with phonological disabilities (Weiner, 1979). Sixteen
processes are included in the PPA, Weiner chose those 15
processes in an effort to produce a plausible instrument
for administration to young children., Realizing that inves-
tigations in the literature have identified as many as 43
different phonological processes, Weiner selected the 16
processes that are most frequently found in the patterns
of young speech delayed children, The other processes occur
so rarely and at such low rates that their inclusion would

not substantially affect the results of a study of the
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processes considered here, Moreover, we may note that,

other authors have also limited the number of processes in
their investigations. Shriberg and Kwiatkowski (1980)
advocate testing for only eight processes, Ingram (1981)
includes 12 processes in his investigation sheet for phono-
logical process analysis, Therefore, since Weiner provided
an instrument that efficiently samples the 15 most frequent
processes in young children, it was deemed an effective
instrument for examining the phonological skills of the

children in this study.

Mean Length of Response Sample

Mean length of response has been shown to be a reliable
measure of language development. Shriner (1969) found a
high correlation between mean length of response and a scale
of values of language development derived from a psychological
rating scale. The study obtained results from 200 children
who ranged in chronological age from 2.6 to 12,0 years,

Some researchers, such as Bloom (1978), have criticized
the use of mean length of response with children in the
upper age range of six to twelve years, Within this range,
mean length of response is not a reliable indicator of gross
language development because of the varying complexity of
the child’s sentence structure, Bloom suggests that mean
length of response is a reasonable index of language develop-
ment up to a ceiling of four to five words., In this study
all chi;dren had mean length response scores in the three
to five range . This procedure helped to insure the relia-

bility of the measure.
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Rules for calculating mean length of response are

offered by Brown (1973). The rules followed in this

study include:

1.
2.
3.
4,
Se

7.
8.

Use 100 utterances for the sample

Use only fully transcribed utterances
Include all exact utterance repetitions
Do not count such fillers as mm or oh
Count all compound words, proper names,
and ritualized reduplications as single
words

Count as one morpheme all irregular parts
of the verd

Count as one morpheme all diminutives
Count as separate morphemes all auxiliaries

and inflections

Peabody Pict Voc a Test

The Peabody Picture Vocabulary Test was used for the

limited purpose of equating the two control groups and

separating them from the experimental group. Althouzh

the Peabody Test has been criticized because it zenerally

yields only a gross estimate of I.Q., it served the purpose

of this investigation, since a precise measure of I.Q. was

not the reason for its use, The test was only employed to

insure that the children could be separated into educable

mentally retarded and normal I.Q. groups, and for this

end it was an efficient tool.
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CHAPTER IV

RESULTS AND DISZTUSSION

Phonological Process Usage in Children

The mentally retarded, communication handicavved, and
the normal speakinz children showed the same vattern of
phonological orocess usaze., The ovrocess scores were arranged
in a Suttman Scale, since the results met the svecial orovo-
erties which define a futtman Scale (Nie, Hull, .Jenkins,
Steinbrenner, and Bent, 1975). The futtman system of statis-
tical analysis is a means of analyzine the underlyine char-
acteristics of multiple items inorder to determine their
interrelationshivns. This Scale effectivelv disvplayed the
cunulative, undimensional index of vhonological orocess
scores, The scores were based or vrevalence of usace by the
children. The hierarchical nature of the Scale can he seen
in Table 1. The Scale shows, for examvle, if a child used
only one vrocess it would be the most orevalent process,
stooving, If the child used two vprocesses, they would be
stoovincs and frontine., If five vrocesses were used, they
would include stoppine, fronting, cluster reduction, final
consonant deletion, and zlidinez of liquids, If a total of

seven orocesses were evident in the child*'s vattern, thev
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would be stoopineg, frontineg, cluster reduction, ‘inal con-

sonant cdeletion, glidine of liquids, vocalization, and weak
syllable deletion, There were few excevtions to this sen-
eral rule of orocess nierarchv when all the scores of the
children were considered,
Tahle 1 inzludes the followine informations
1. Case number of the subject
2. Sum vrocess score, which is the total
number of brocesses consistently used
by the subject
3. 16 phonoloeical process catecories with
usage scores of "1" or "0" for each.,
The first row of the table indicates that case 7 was a
retarded child who consistently used a total of 14 different
ohonological orocesses, The sum 14 can be derived by addine
the ones in columns headed by the names of the vrocesses,
An entry of_"l" indicated a consistent use of that orocess
and a "0" indicated a non-consistent use of that varticular
orocess (See Chavnter III for a discussion of consistency
criteria, p. 4&4.) Therefore, Tase R7 consistently used all
the processes except for alveolar assimilation and zlide
fricative, The remaining 39 cases were arranced in descend-
ing order of total nrocess usace scores, The bottom ~ow of
the table reflects the total number of children who consis-
tently used each phonological vrocess,
The Suttman Scale exemplified in Table 1 is not a

statistically perfect scale, hut conforms to the Tuttman
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TABLE 1

GUTTMAN SCALE OF PHONOLOGICAL PROCESSES
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model on a statistically sienificant basis, A verfect

Suttman Scale would have contained a bottom row of all
zero scores and a top row of ones. The center of the scale
would have a staircase of ones as additional orocesses were
added to the sum score, The scale found on Table 1 conforms
to the principles of the perfect model in most instances,
The bottom row contains all zeros and the too row all ones
except for two vrocesses, The staircase is evident from the
total sums at the bottom enumerated from two to 37. There
are few instances that do not conform to the ideal scale.
For example, Case Ii6 should have a "1" in cluster reduction
instead of =zlideliquid since he has a sum score of three,
On the other hand, Case R11l should have a "1" in stoonine
since he has five processes in his pattern.

The McNemar test showed that there was no recularity
in the deviances from the verfect Guttman Sclae, The
validity of the Guttman Scale of Phonological Processes
was attested to by the hisgh coeeficient revroductivity
score of .91, The reliability coefficient of .85 Cronbach
aloha over 16 processes showed that the 16 processes wefe

measuring the same underlyinz vhonoloeical skill,

Between Srouv Analysis

Reliability analysis of the vrocess usarge scores for
the exverimental and control orouvs yielded similarities
and differences among them, The ZCronbach alvha for the
retarded croup was .77 and for the normal sveaking sroun
was ,73. These hizh reliability scores demonstrated the

coherence of the nhonolocical orocess scores, The same
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staircase of scale means was observed “or the two grouvps.
The retarded groun was sevarated from the normal srouv on
hizher means but not hierarchy. “urther evidence that the
retarded and normal speaking children were usinz the same
vattern of process usace was the combined reliabilitv score
ofd = ,88 for the two zrouvs, The fact that the combined
alpha was higher than either of the individual alvhas showed
that both groups were adherineg to the same hierarchical vat-
tern of orocesses, Decreased process usace resulted in the
orderly elimination of vorocesses from denasalization to stov-
ning,

The reliability score for the communication handicaoved
group revealed that this group presented a slichtly differ-
ent pattern of process hierarchy, The reliability score for
this oroup was only .14, Their scale mean scores failed to
show the close adherence of the order of vrocess elimination
found in the other two eroups, When the vrocess usace scores
for the retarded and handicapped were combined, the reliabil-
ity alpha was ,70., This score reoresented a lower reliabil-
ity score than the individual eroup reliability score for
the retarded. These statistics thus confirmed, aszain, that
the communication handicapved groun did not alwavs conform
to the orderly vrocess usare vattern of the retarded and
normal sveaking egroups,

“requency analysis of the orocess usagze scores also
showed significant differences and similarities between

the grouns. The sum onrocess scores on Table 1 showed
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that the normal srouv consistentlv used a ‘ever number of
processes “han the communication handicaoved and retar-ed
crouns, The Mann Yhitney U test showed sienificance at
the ,001 level between the normal eroup and the other two
experimental srouns. Mo sienificant difference in *he
total orocess usage scores was noted between the retarded
and handicaoped egroup.

The retarded egrouv and the handicapved oroun could
not be sevarated statistically or individual orocess usace
scores on 15 of the 1A processes, as seen in Table 2, Only
final consonant devoicines separated the two efrouns accord-
inFs to the Chi Square Test; A freater number of the
retarded used this process consistently than the handicaoved,
at the .05 level of confidence.,

Zhi Square Analysis showed that the most frequently
used processes were the orocesses that sevarated the re-
tarded and the normal sveakine gsroups, Statistical sizni-
ficance was reached on the followineg seven nrocesses:

l, Final Zonsorant Devoicing
2, leak Syllable Deletion
3. 7ocalization
L, 51liding of Liquids
5. "inal Consonant Deletion
5. Cluster Reduction
7. “rontine
Stoopins was the only hieh frequency vrocess that 4id not

statistically sevarate the two efrours. Stobvine was the



TABLE 2

PERCENT OF CHILDREN USING EACH PROCESS BASED ON BETWEEN GROUP COMPARISON
PROCESS USAGE SCORES

Process Retarded Communication Normal etarded Retarded Handicapped
Handicapped Speaking VS VS Vs
andicapped Normal Normal
Denasalization 20 o o NS NS NS
Glottal Replacement 16 10 0 NS NS NS
Alveolar Assimilation 10 20 0o NS NS NS
Velar Assimilation 20 0 0] NS NS NS
Gliding of Fricatives 20 20 o NS NS NS
Pre-vocalic Voicing 20 20 0o NS NS NS
Affrication 26 20 0 NS NS NS
Lahial Assimilation 36 10 10 NS NS NS
Final Consonant Devoicing 66 10 o) * *# NS
Weak Syllable Deletion 66 80 o] NS * R
Vocalization 66 90 0 NS *% R
Gliding of Liquids 85 90 20 , NS *% **
Final Consonant Deleting 95 90 10 . NS Lk - H
Cluster Reduction 95 100 20 i NS *H % *
Fronting 100 90 50 | NS *% -
Stopping 95 100 80 ' NS NS NS
Sum Process Scores I Ns *¥ "%

* Significant at .05 Level

X% Significant at .01 Level

¥¥X% Significant at .001 Level
Trend

NS Not Significant

09
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most ~onsistently used process across the “hree grouns
and so aopears at the extreme risht of the Suttman Scale,

The communication handicavped grour showed statistic-
ally higher usaze scores than the normal sveaking erouv
on five of the same processes that sevarated the retarded
and normal sveakine groups. The Fisher's Exact Test showed
differences in usage scores on weak syllable deletion, vocalf
ization, £lidine of liquids, final consonant deletion, and
cluster reduction. The handicapped and normal sneaking
grouns were not sevarated on the remaining eleven nrocesses,

which were infrequently used.

Discussion of Phonological Process Scale

Introduction
The followineg review of the literature compares the
results of phonolorical process usaze as revealed in the
Guttman Scale and oresent day theories of vhonolosical
development and acquisition,
The Guttman Scale of Phonological Processes in this
study vresented the followines hierarchy of orocess usarces
1, Stooving
2, Frontine
3., Cluster Reduction
L, Final Consonant Deletion
5. Gliding of Liquids ]
6. Vocalization

7. Aeak 3yllable Deletion

8, *inal Zonsonant Devoicine
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9, Labial Assimilation

10, Affricatior

11, Pre-vocalic Voicing

12, 5lide Fricative

13, Velar Assimilation

14, Alveolar Assimilation

15. 5lottal Revlacement

15, Denasalization
Based on the prevalence of usage amoneg the children, the
orocesses would be eliminated from denasalization to stov-
vpineg, as the total number of vrocesses used decreased., A
rationale for the hierarchy of vhonolosical orocess usace
can only be hyvothesized at this voint, It may be the
result of the interaction of verceptual, motor, and linesuis-
tic factors which determine the comvlexity of the vorocesses
and so which processes would be most prevalent in children's
speech patterns, No body of literature has related these
areas to vhonological usace, However, studies that ordered
vhonemes based on perceptual ease, articulatorv ease, and
frequency in Enelish orovide useful informatior that can
be related to the phonological vorocess hierarchy., It can
be reasoned that those phonemes that are easy to verceive
and nroduce would be articulated closest to the adult stan-
dard by most children, Therefore, orocesses that involve
the easiest ohonemes would be infrequently used by chil-

dren, Those vrocesses that involve vhonemes that are

difficult to vperceive and to vroduce would be the most

frequently used since the use of ohonoloeical vrocesses
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results in ohonoloeical errors. However, since a ohono-
logcical orocess often affects more than one vhoneme, it is
Ai7°isult to directly relate the findinzs of the litera-
+ure, which predict sinzle phoneme error rate, to the
results of this study. For example, stopnins involves the
substitution of stovs for the sound / §, 'F, v, 8 /.
Thus, one process causes sound change on four ohonemes,
It would then be imvossible to classify the process as
difficult or easy since it might contain ohonemes from both
of the vreviously labeled easy and difficult catesories,

Distinctive feature analysis research and ohoneme
acquisition studies also provide a reference voint for
discussion of this data. A case can be made that the most
vrevalent ohonological orocesses are, nperhavs, those that
contain the most difficult sounds and so the last to be
eliminated in the develoomental sequence, Therefore, those
sounds that have been designated as the latest to avvear in
normal speech should be the sounds involved in the most
vrevalent phonolorgical processes, However, since this was
not a lonzitudinal study it can only be conjectured that
the most prevalent orocesses are those which would be
eliminated last in the develoomental sequence, It is a
plausible conclusion, but one that needs ‘urther reseérch
for verification, However, it does vnrovide a basis for
discussion of the results of this study.

In summary, the followins discussion will comvare the

results of the phonological nrocess usaze scores with the
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4ata from <the studies in ease of nerzention, ease of articu-
lation, distinctive Feature usage on children, frequency of
phonemes in Zneslish, and develoomen:tal sneech sequence in

children,

Zase of Percention and Scale

Accordine to Olmsted (19A5), children learn the vphones
of Tneglish based on ease of vercention, The phones ronsist
of ar+ticulatory comvonents, These comd>onents ~senerate
characteristic acoustic qualities, The acoustic qualities
coniribute differentially to the discriminability o€ vnhones,
A3 a result, ohones of low discriminability will be learned
late and ohones of hieh discriminability will be acquired
early. while Olmsted admitted that he could not vredict
individual errors, he did offer a general direction of error.
3aserd on ease of discrimination, most errors, at anv starse
before the phones of the lansuage are learned %o asymntote,
are errors of vlace, followed closely by errors of friction
and duration, with fewest errors in voicines and nasali+y,

Since Olmsted's theory does not include manner ervrrors,
his oredictions are difficult to interoret with resnect to
the results of this studv, However, with this limitatior in
mind, we may note that Olmsted's theory would oredi-t that
the “ollowine vrocesses would be the last ones to be elimin-
ated ‘rom children's vnatterns and so be the most orevalentin

a samoline of children in the nre-school ace rances
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1, Stopping

2, Gliding of PFricatives

3. Affrication

4, Gliding of Liquids

5. Labial Assimilation

6., Alveolar Assimilation

7. Velar Assimilation

8. Fronting
Use of the first four processes results in errors that
involve a change in manner as a function of the chanze
in friction and duration, Use of the processes five throush
eight results in errors that involve chanzes of place of
articulation.

According to the ofosent study, stopping, frontine
and gliding of liquids were prevalent processes, However,
the five remaining processes were not the most prevalent,
In addition, since Olmsted's catezories failed to include
cluster reduction and final consonant deletion, these two
prevalent processes were omitted from Olm=ted’s oredictions,
Olmsted's theory failed to provide for these latter pro-
cesses because place, friction, and duration errors do not
adequately describe the sound changes that result when
cluster reduction and final consonant deletion are used,
Olmsted's description of the most common speech errors
fails to idequately account for common ohonological errors

in children.
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Olms+ted's theorv- “urther oredicted that few errors
would be made in sounds that require the discrimination
¢ voicine an? nasality., Thus, the “ollowinz orocesses
should be eliminated early by most children and therefora
not be as vrevalent as orocesses involving errors o¢ vlace,
friction , and duration.

1. Pre-vocalic voicing

2. *inal consonant devoicing

3, Tocalization

4, llasalization
The results of this study supoorted these vredictions, ex-
cept for vocalization. “ocalization was a prevalent orocess
in this study. “wenty-two subjects out of forty uset i<,
I+ misht Ye the rcase that Olmsted 4id not consider a liquid
- vowel chanee wnen predictine the voicire error zate-
T0TY.

The two remainine orocesses in the nhonolocical hier-
archy, weak syllable deletion and ~lottal revlacement,
could not be discussed in relation to Olmgsted's theorv
since it anolied only 10 vhones, ‘'Jeak svllable deletion
involved *he omission of a syllable that contains more than
one sourd, and glottal revlacement involved the use o0° 2
clottal stor for a vhoneme,

In summary, the data from the Juttman 3cale in this
studv only var<tially suopvorted the oredictions of the
Olmsted theory. “he predictions +tha: were uvheld bv the
surrent data would seem %o irdicate that ease o7 nernention

is a defini=e Tac<or in ~2orrerct nhoroioriz2al nrodun-ian,
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Olmsted's theory was not surtovorted in those instances
where his “heory failed to describe adequatelv all the
vossible ovhonolosical errors that can be oresent in chil-

dren's vatterns,

Tase of Articulation and Scale

Locke (1972) offered aevidence that ease o articula-
tion is an imnortant factor in determinins the sequence of
acquisition of phonology in youns children, He used motor
ease subjective judement scores by adults to rate <he
vhonemes, The followineg rankine based on motor ease,

from easy to difficult was founds

Initial Ease
/d1 Lo
/sl 20
Lhi 520
I nl .
{1
I+, A0
| el 7.5
| 11 x
[m]
[+
IJI 11,0
lrl 12,0
bl 10



68

dord i‘otor
Initial Iase
Phoneme Rank

K] 14,5
/9] s
| vl 14,0
1Z] 17.0
|Wl 18.0
,d'}’ 19. 5
141

“ew comparisons could be made between locke's results
and the results in this study since the vhonemic stimuli
were avoroached from different views., Locke onlv tested
word-initial position phonemes and omittedlel ani /5’,
This study focused on process usage which involved two to
six phonemes ver process, However, the followines trends
could te observed, Locke oredicted that labial assimila-
tion would be eliminated early in youns children since it
involved phonemes ranked below 7.0 /1h S,f\/ . On the
other hand, alveolar assimilation would be eliminated late
since it affected vhonems with rankinegs above 10..’)/&7""[/,

In the vresent study lavial assimilation had a rank
of nine and alveolar assimilation had a rank og 14 (see
"ahle 1), This meant that both vrocesses would be elim-
inated early with alveolar assimilation beinz lost before
labial assimilation., Thus the vhorolosical nrocess usare
data did not suonor* the trend oredictions of ease of

articulation.,
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The remainins fourteen phonolowical crocesses contained
vhonemes of both hieh and low rarking according to Locke's
system, Therefore comvariscns could not be made, It was
interesting to note, however, that the orocesses of stop-
ping and fronting would be considered late elimination
orocesses in Locke's model if it were not for his ratine
on the gsibilants /5, and /j/ . Locke 7ave these sibilants
low ratings and so early acquisition times,

The results of this study suovort the conceot that
sibilants should be acquired late in the acquisition se-
quence since stopning, which affects sibilants, is a
orevalent process, Late sibilant acquisition times are
predicted by Jakobson's (1968) theory of phoneme acquisi-
tior, The next review of his theory indicates where it
suvvorts the results of this study.

The overall comparison between Locke's results and
results from this study show an overwhelmine lack o¢ acree-
ment. One of the main reasons is the fact that lLocke listed
the ordering in terms of sincle phonemes. The SGuttman 3cale
is listed accordineg to orocesses that involve several vho-
nemes ver vrocess, Another reason for the lack of aeree-
ment between results was that he considered the sibilants
/,Sﬁnd Iﬂ easy to produce nhonemes, Child develoomental
data by Templin (1957) and the prevalence of lisvs in the
school age vooulation both counter that findin~r, It misht
be hypothesized that if Locke had based his data on child

motor ease judements, the data from the present studv micht
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have suovorted those results, Notor ease should be a fac-
tor in accuracy of ohoneme., Thus more research is needed

in this area.

Distinctive “Teatures and Scale

Phoneme acquisition has been described by Jakobson
as develooment of the ohoneme system based on growth in
feature contrast mastery, The contrastive features were
described as universal distinctive features. The distinc-
tive features of an individual nhoneme would be those
asvects of the vrocess of articulation and their acoustic
consequences that serve to contrast one ohone with others,
Thildren acquire the ohonemic system of a language bv
gradually making finer and finer contrasts as they proceed
through the stazes of develooment,

Menyuk (1948) provosed the followineg order of dis-
tinctive feature develooment in youngz childrens

1, Nasal

2, Grave

3. Voice

L, Diffuse

. Continuent

F, Strident
A set of oredictions can be made with resvect to phono-
logical orocesses based on the distinctive feature theorv,
The early wvhonslogical orocesses should be denasalization,
frontinz, ore-vocalic voicing, final consonan* devoicine,
and vocalization, 3inze the aforementioned nrocesses in=-

volve nhoneme zchanres that violate the correct usare of
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the features: nasal, crave, voice, and 4iffuse, these

vrocesses should be eliminated early in the develonmental
sequence, Thus Menyuk's theorv would oredict that these
vrocesses should not be orevalent in the vresent study
since most children should have elminated their use early
in speech develooment, On the other hand, #lidines and
stoooineg would be eliminated late in sveech develooment,
and thus are orevalent in this usagze study since they
violate the correct usace of the features of continuance
andi stridency which are late developing features in “en-
yuk's sequence,

The results of the Guttman Scale in the oresent study
would supvort Menyuk's orediction that liding of liquids
and stooping would be late processes, The hierarchv of
vhonological orocesses also would suvvort the early elim-
ination of denasalization, assimilation, ovre-vocalic
voicing, and final consonant devoicine, Therefore, most
of Menyuk's poredictions were suvvported by the hierarchy of
ohonological processes established in this study. Since
some of the phonological orocesses contain feature con-
trasts which form the basis for distinctive feature analysis,
it would be exnected that Menyuk's development scale would
be upheld in some cases, The fact that the 7Tut:-man Scale
results did not supvort bMenyuk's scale with resmect to
frontine and vocalization, which are feature contrast oro-
cesses, another reason must be found, It misht be hvvothe-

sized that the sound changes involved in these vrocesses
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are vlace, manner, and duration changes not adequately

described in the ienvuk scale.

Another criticism of the Menvuk order of develovment
is that her scale did not vermit inclusion of the remain-
ing five ohonological processes due to the distinctive
feature structure of the scale, Menyuk only offered six
features for the sequence which is only a oartial list of
the distinctive feature catezories, This would restrict
the comvarison between the scale and the ohonolorical oro-
cesses., “inally, more accurate comparison of the results
of this study and Menvuk's vredictions could not be made
because she did not specify which of the six were early
and which were late features, She just enumerated the
features in the above stated order with no svecific time

table given for apnearance,

Markedness Theory and the Scale

The markedness theory of nhonoloszy, as described by
Cairns et al. (1974), emoloys features to describe phoneme
complexity based on ease of articulation, perceontual sal-
iency, and frequency of vhonemes in the lanruare, This
theory has also been used to vredirst the direction of
phoneme changes in youne children, It has not heen used to
oredict which ohonemes would be acquired “irst, but only
which phonemes would be the likelv substitutions “or the
adult tareet ovhonemes, The markedness model was useful in

3 discussion of the vhoneme chaneces vpossible within the
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phonolosical vrocess hierarchyv, but not in a discussion
of the order of the elimination of the orocesses in vho-
neme develooment and acquisition,

The markedness model assisns values to the distinctive
features of ohonemes (see Table 3). The assionment of a
marked value to a feature reflects the relative articula-
tory of verceptual complexity., The total number of marked
valuyes assiened to a particular ohoneme yields a complexity
score for the nhoneme, Sound chances, accoriing to the
markedness model, are always suvprosed to be from a comolex
to a less comnlex ovhoneme,

The system of markedness is a weak system with basic
flaws in its structure., Since it is based on a binary
distinctive feature system with no scale of values, it
lacks the full exvression »f variability. 1t also fails
to account “or the surroundinz linesuistic context in assisn-
in® the values., However, since the markedness theorv in-
cludes the three factors of nercentual ease, articulatory
ease, and ‘requency of nhonemes in the lancuarse in deter-
minine comolexity value, it is worthwhile to use it for
discussion of the results in this study,

wnhen the nossible phoneme chanses tha‘ resul:t “rom tre
aoplication of a ohonological nrocess are considered, only
six orocesses can be analyzed with resne~t to the markedness
model, 'The other vrocesses cannot be examired in the mar-
vedness system since thev involve sound charres caused by

contextual influences and deletions o~ sounds., Thece tvynes
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o¢ sound changzes are not accounted ‘or in the marke-dness
model, Therafore, cnly tre-vocalic roizing, Tinal consonant
jevoicins, stonpineg, affrication, ‘rontine, and <lidines o*
liguids could be intervreted with resmect to the markei-
ness theory.

In *he case of vre-vocalic voicine all sound chanses
were made to more comolex sounds which is contrary to the
theory of markedness (i.e.l'-’t"k-)’l'/"“)J,). In affrica-
tion, frontinz, and slidine 07 liquids some sounds were
substituted for more comrlex sounds while others were
renlaced by less comolex sounds, In affrication, /I-—)ﬂ"
was 2 chanse to a less compolex ohoneme but Izgd, S_,fg,
were increases in comolexity. “rontine contained ?our sub-
stitutions that chanzed the sound to a less comonlex member,
,K'D'l, 3-—)4' f-;s Q'P‘/and one with an increase in comvplex-
ity /S-) 6/ . On the other hand, eglidinz o¢ liquids,
“inal corsgonant devoicing and stovvineg each contained sub-
stitutions for the tareset sound which showed 2 decrease in
compblexity (i.e. /,-)W’J‘T‘" S')"’/) .

As is evident ‘rom the exampnles cited, the markedness
system often failed to vredict the sound chanses that
resulted from the use of the phonolosical vrocesses, Pho-
neme chanres in the vrocesses under intervretation cont2ained
some examnles that adhered to the vredictions of the mark-
edness theory, but also many sound chanzes that did not,
The orocess of stoooing was the onlv one that contained

sound chanres that conformed without exception to vredic-
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tions based cn markedness theorv.

“he reason that the markednesgs system often failed %o
nredict the sound chaneces in vhonological orocesses can only
be conjectured, Perhaps, the system failed because bdbinary
scores were not aovorooriate for the task. It could be the
case that a sraduated scale of values misht have imoroved

its oredictability accuracy.

Develoomental Stucdies and the Scale

Develoomental data from longitudinal sgtudies of
ohoneme acquisition in youne children vrovide ano*ther useful
comparison with the vhonolosical orocess hierarchh, Data
from Sander's (191) study were used to comoile Table 4,
The table revresented the ace rances of acquisition of
English consonants., “or any consonant, the rance started
from the median ace of customary articulation un<il the ace
where G0“ of all the children in the study were oroducing the
sound according to the adult standard model,
=xamination ef the phoneme chancges usually associated
with the ohonological orocesses yielded certain predictions
from the develoomental data., The following processes would
be eliminated early in acquisition:
1, Pre-vocalic voicine
2, “rontine
3. Denasalization
These vredictions are base? on the notion that these

three orocesses involve phoneme chances that affect
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TABLE 4

SANDER'S DEVELOPMENTAL SOUND CHART

90% Criterion Age

Customary Usage

Median Age of

Sounds
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Epm n L k, J"’j] Sander id4en*i“ied these phonemes as the
sounis tha*t are mas<ered Ze<ween the aves o0 1,4 and 2,0
wears, Thus, sinze *hese nhonemes are loca*ad a4t the ezariy
end 07 the develovmental scale, “ew cnildrer should be usin~
nrocesses that cuase ohonolosical errors on *hem since all
<ne chiliren were older than 2,7 vears of are,

“he f¢llowing orocegses snhould be elimira<ed later in
“ne az3ulsition sequerice and thus de more vrevalent aTonT
the sneakers in 4ris study. Thev incluie:

1. 3toonine

2, Affriecation

)
L]

f1liding of Liquids

L, ‘'ocalizations

N

« flidine of Fricatives axcent ‘or /';/

These nrocesses should be more nrevalent hernause *“hevy afant

“he sounrds Er s 'H; ZJ} Vé;}] which are nhonemas “ounAd

nn *he Sander's develormen*al chart betweer “ne ares o° 3,0

and “,0 vears,

yoe

Tne remainine nrocesses woul? not be innluded in the
develoomental sequence oredictions since %rose orozesses
involve souni clusters and word ahianres not anncounted for

n a sinrle nhoneme svster,

e

The results of the nresent stuidy suvnor*ed some of <he
predic<iorns tased on Sander':z develonmertal <4a2<a, Tre-vpzalin
7oising and denasalization were hieh in “he rhonolorirnal nro-
cess nierarchy and so would e eliminate” 2arly, “rontine
wag a nrocess used bv 34 ocutl of zhe L0 ~hildren ard so was

low in tre hierarchy, which weculd result in a2 Tater 8limina
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ation,

T™he develoomental data succested that stooving, vocal-
ization, and rlidine of liquids would'be late in the acqui-
sition sequence, This study revealed these vrocesses to
be low in “he hierarchy, which would result in late
acquisition, Affrication and gliding of fricatives were
also oredicted as late orocesses, However, the results of
this study did not supovort the orediction., The reason
micht be that these vrocesses were rarely found in the
profiles of the children. Thus, the hish vlace in the vhono-
locical hierarchy miszht te the results of low frequency
usage, rather than just a orocess that was usuallv elim-
inated early in sound develooment., Affrication involves
sound changes on /f/ and /5[ . flidine of
fricatives involves sound changes on/ S, “' vV, 6 / .
Since stoonine could be applied to all these ohonemes,
the factor of process exclusion could be the cause o€ the
low frequency usare, Stoonine may be orecludine the use
of affrication and of elidine of fricatives, since two
orocesses cannot usually operate on the same nhonemes,

Let us turn finally to review two sound develovwent*al
schemes assemtled throuch the analvsis of ~ross sectional
and longitudinal studies., Shriberes and Kwiatkowski (1980)
examined the d4ata from the ‘ollowine studiess:s lLeovold (1947),
Renfrew (1944), Jakotson (19A3), ~erzuson znd “arnica (197¢),
and Ineram (197%)., Shriber~> and Kwiatkowski reorcanized
the information in these studies to reveal ohonolorizal
nrocess usare, They identified the Followin~ develonmental

Sequences
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1,0 - 1,6 yearss Durine the ohonology of the first

50 words, multi-syllable words

are reduced to monosvllables

(i.

e.t apple [agp-_]) + final

consonants are deleted (i.e,

(doz ->E;] )3+ reduplication is

used (i.e. ball a:fbabg ).

1,6 = 4,0 yearss The followines orocesses are used

1,
2,
3.
L,
5
6.
7.
8.
9.

10.

Reduvplication

Deletion of Final Consonants
Final Consoﬁant Devoicing

Weak Syllable Deletion

Cluster Reduction

Assimilations

Fronting

Glidine of Liquids and Fricatives
Stooping of Fricatives and
Affricates

Vocalization

4,0 - 7.0 yearss Fricatives and affricates are

still subject to process usare.

Since the Shriberg and Kwiatkowski developmental

scheme contains process overlavo in the three stazes, and

since the scheme has only a three stevp division, it was -

difficult to assess the scheme fully with resvect to the

hierarchy found in the oresent study.
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Shrivberr and Kwiatkowski found final consonart dele-

tion to D2 a vrocess used bv the vounsest children in the
studies, However, it was also a orocess retained bHv some
children uo %2 4.0 years of age, In the nrezent study,
£inal consonant deletion was s%ill beins used bv 29 out of
the 40 ore-schoolers examined, Thus, this study would have
oredicted that this process would be one of those eliminated
toward the end of the develoomental neriod.

Shribers and Kwiatkowski also noted that vrocesses
affecting fricatives and affricates would he retained late
in *he developmental sequence, The results from this study
renerally sunvorted those Cindines., Stoovnine, ‘rontinsz,
and cluster reduction were lowest in the nierarchy of vhono-
lorsical process, This would sucgest that these vrocesses
were the most difficult for the children to eliminate
from their sveech patterns, These three vrocesses are all
involved in the classes of sounds labeled frisative and
affricate,

The only other vnrocesses that directly affected frira-
+ives and affricates were rlidines of fricatives and af-ri-
nration. These two vrocesses were high in the nierarchy,
51lidinz of fricatives miesht have been hi~h ir the hier-

arzhy osecause stovoine and frontins vrecluded it

N

apnearance,
In other words, if the child stovpved or “ronted a fricative
ne/she could not also rlide it at the same time, “'he same

contlict of orocess usace vrobably occurred “or the
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process of affrication., Agzain the fricatives were being
affected in an exclusive manner, which negated the use
of affrication,

According to the diary studies, final consonant de-
voicing, gliding of liquids, weak syllable deletion,
assimilation and vocalization occurred durine the middle
years of the develooment. These vrocesses were also located
in the middle of the vhonologzical orocess hierarchy of this
study.

Denasalization, &lottal replacement, and ore-vocalic
voicing were not mentioned in the data scheme, It should
be noted, however, that few children were included in the
diary studies. A larger subject sampnle might have revealed
a more widespread use of the processes,

Ingram (1976) also compiled a developmental vattern
scheme from his review of the literature involving lonei-
tudinal studies of phonological acquisition, Ingram's
develoomental scheme was compiled after examininz the data
from Velton (1943), Leopold (1947) and Menn (1971

Staze Ones First 50 words to 3.5 years of age
l, Pre-vocalic Voicineg
2, Final Consonant Deletion
3. Reduplication
4, Assimilation
5. Frontine
6. Denasalization

7. Glidineg of Liquids
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Stage Two: 3.7 to 4.0 years of age

1. Weak Syllable Deletion

2. Cluster Reduction

3. Devoicing of Final Consonants
It should he noted thst there was an overlap of age groups
for the two stages which would result in an overlap of pro-
cess usage, Fowever, Ingram did distinguish the two stages
as noted in the above list.

The present study supported some of Ingram's findings

but not all, Pre-vocalic voicing, assimilation, and denasal-
ization were all high in the hierarchy, and so had probably
been eliminated by most of the students in the study. How-
ever, final consonant deletion, fronting, and gliding of
liquids were prevalent processes in the present study.
This would seem to indicate that they would be among those
retained during the later period of phonological develop-
ment, Therefore, there was a conflict of results between
this study and Ingram's findings.

Ingram's stage two contained cluster reduction., This
process was low in the hierarchy which resulted in a con-
currence in the findings, Fowever, Ingram also noted weak
syllable deletion and final consonant devolicing as late
developmental processes, These two processes were in the
middle of the hierarchy in the present study. Therefore,
it was not possible to say whether the results of the two

schemes concurred for these processes,
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Phonological Process Frequency Analysis

Introduction

Sum structure scores can be found in Table 5., These
scores represented the total number of times a subject
used the phonological processes, The scores to the left
of the sum structure score showed the breakdown of the
sum structure scores into the frequency scores for each
of the syllabic structures tapped in the sampling tool.
The case number represented subject 1d;ntirication with
respect to experimental group., Single digit numbers repre-
sent the subjects in the retarded group; numbers prefaced
with an H denote communication handicapped members; numbers
preceded by an N are subjects in the normal speaking group.
A single horizontal entry contained the process usage by
one subject in the study. For example, case 7 is a retarded
subject who used processes with the recorded frequency in
the seven syllabic categories:

Process Frequency

Scores
cv - consonant-vowel words 0
cve - consonant-vowel=-consonant
words L7
SYL 2 - two syllable words 58
SYLL 3 - three syllable words 10
CcCcv - consonant-consonant-vowel
words 7
ccve - consonant-consonant-vowel-
consonant words 26

consonant-vowel-consonant-
consonant words 32

cvce



PHONOLOGICAL PROCESS FREQUENCY SCORES

=

() &)
S & B
R7 0 47
R8 0 52
R9 0 36
R17 2 57
R4 8

R12 O 24
R13 O 38
H2 2 77
H7 3 61
HO 1 31
R2 2 65
RS 2 58
R6 0 39
R19 O 15
H1 2 46
HO 2 22
R1 0 26
R3 0 29
R14 O 21
H4 0 9
H5 0 27
H8 0 32
H3 2 22
N2 0 19
R10 O 19
R11 O 8
R18 O 28
R20 2 33
H6 o] 25
R15 O 11
R16 O 5
N3 o) 12
N6 0 12
N8 0 4
NO 0 6
NS 0 0
N7 0 4
N9 1 2
N1 0 2
N& 0 1
R=Retarded
H=Handicapped

N=Normal

TABLE 5

PER SYLLABIC STRUCTURE
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Retarded “rouon

The sum Structure scores were high for the retarded,
They ranged rom 21 to 257, Eishty nercent o¢ the retardied
children used the nhonological nrocesses more than 33
times, Two of the retarded children had total ‘requency
scores that would easily out them in the score ranrce of the
normal speaking children, These two children were obviously
not tyvical o¢ the retarded grouv as a whole, and so hich-
lizhted the exrentions that could occur to most reneral
rules, "“he two retarded children who had sum scores o¢ 21
and 49 were girls in the uover ase and 1.3, range o¢ the
rroup, and who had mean length of utterance scores o. 5.0
morvhemes, These vositive features may have helved them
to achieve low scores as opvosed to the rest of the retarded
vovulation,

The ‘requency vrofiles for each phonological vrocess
revealed some intracroup variations for the retarded ~hil-
Aren, ""he mean and mode scores found in Table % demonstra=
ted that final consonant deletion, cluster reduczion,
stonpoins, fronting, glidine of liquids, and voralization
were all hiesh frequency processes for most of the retarded
~hildren, However, the broad range of scores, 0-93, also
indicated that a few students did not use these hi~h
frequency orocesses at all, Jeak svllable deletion, assim-
ilation, clottal revlacement, and vre-vocalic voicings

showed low frequency usare by most chilidren., "he low ran-e
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TABLE 6

PHONOLOGICAL PROCESS FREQUENCY SCORES FOR MENTALLY RETARDED SUBJECTS

Statistics Denasalization Glottal Alveolar Velar Gliding Pre-vocalic
Replace- Assimi- Assimi- Frica- Voicing
ment lation lation tives

Mean - .8 .9 1.6 2.0 4.2 1.4

Mode o) ) 0] 0 o 0

Range 0-12 0-8 0-18 0-15 0-38 0-7

Standard Deviation 2.7 2.1 4.2 4.2 10.3 2.1

Total Possible

Occurrences 62 _ 54 26 26 128 82

Statistics Final Consonant Weak Syl- Gliding Final Cluster Fronting

Devoicing lable Liquids Consonant Reduction
Deletion

Mean .0 3.6 11.2 25.6 39.0 15.4

Mode 2 4 13 21 43 8

Range 0-30 0-10 0-23 0-93 1-86 4-55

Standard Deviation 7.9 3.2 7.0 22.1 23.5 12.4

Total Possible

Occurrences 50 12 92 220 98 112

Statistics Affrication Labial Vocali- Stopping Sum
Assimi- zation Structures
lation

Mean 1.8 2.8 12.7 17.7 149.5

Mode 0] 2 8 14 155

Range 0-18 0-10 0-33 1-35 21-257

Standard Deviation 4.1 2.7 17.1 9.0

Total Possible

Occurrences 36 24 42 128

i8
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of scores and low standard deviations also indicated the
cohesiveness of usaze among the members of the grouno.

The remainineg orocesses of glidinz of fricatives, affrica-
tion, and denasalization showed some intragrouv variation
and less frequent usage than the above-mentioned orocesses,
Few children used eliding of fricatives, affrication, and

denasalization but those who did used it at a higsh rate,
Communication Handicaoved Groun

The high sum structure scores for the handicavved
grouv (Table 7) were similar to those of the retarded
groun, The sums ranged from 62 to 283. Ninety vercent
of the zrouv had frequency scores greater than 113,

The frequency orofiles revealed slight intragrouv
variations. Those processes that contained higsh frequency
scores were used by most members of the grouv, and those
with low frequency scores were used by few members of the
group.

®inal consonant deletion, cluster reduction, stoovnine,
fronting, e¢liding of liquids and vocalization were the high
frequency processes. Final consonant deletion apveared to
show two distinct grouvs within the handicavpved pooulation,
*ifty vercent of the students used the process more than
20 times, and forty vercent used it less than 8 times,

One student was distinctly different, by usineg the vrocess
104 times, Cluster reduction showed less intragroupn varia-
tion, with seventy vercent usins the process more than

37 times, and everyone using it at least 12 times.




TABLE 7

PHONOLOGICAL PROCESS FREQUENCY SCORES

FOR COMMUNICATION HANDICAPPED SUBJECTS

Statistics Denasalization Glottal Alveolar Velar Gliding Pre- Affri-
Replace- Assimi- Assimi- Frica- Vocalic cation
ment lation Jlation tives Voicing

Mean .1 4.3 2.1 .1 3.6 3.3 1.2

Mode 0 0 o o 0 o 0o

Range 0-1 0-42 0-8 0-1 0-23 0-26 0-4

Standard Deviation .3 13.2 2.5 .3 7.0 8.0 1.6

Total Possible

Occurrences 62 54 26 26 128 82 36

Statistics Labial Assimi- Final Weak Vocali- Gliding Final Cluster

lation Conson- Syllable zation Liquids Conson- Reduction
ant Deletion ant :
Devoicing Deletion

Mean 1.2 1.2 5.3 21.4 16.7 27.4 48

Mode 0 2 4 20 4 27 62

Range 0-4 0-4 2-10 3-63 2-47 2-104 12-73

Standard Deviation 1.3 1.3 2.4 17.5 15.4 29.7 24.9

Total Possible

Occurrences _24 50 12 _4L2 92 220 98

Statistics Fronting Stopping Sum Structures

Mean 18.5 23.4 177.8

Mode 12 15 113

Range 0-46 5-45 62-283

Standard Deviation 15.0 16.3

Total Possible

Occurrznces 112 128

68
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Stovvineg was also a hieh frequency orocess with everyv
child usinz it more than 5 times, and eigzhtv vercent
usinz it more than 12 times. Frontine showed a similar
pattern with ninety vercent of the children using the
process, and only one child not usine it at all, Glidine
of liquids and vocalization were similar in orocess
orofiles, with rather consistent scores at 11 and 12
times,

Weak syllable deletion, labial and alveolar assimila-
tion, final consonant devoicing and affrication were used
by the children at low frequency levels, %lottal revlace-
ment, pre-vocalic voicineg, and gliding of fricatives were
also low frequency processes among the handicavped, excevot
for a few isolated cases, In those instances, hich fre-
quencies were recorded., For examvle, one child used
glottal revlacement 42 times while the rest of the group
used it 0 or 1 time,

Denasalization and velar assimilation were distin-
guished by the fact that only one child, a different one
in each case, used denasalization and velar assimilation
once, All of the other members of the egrouv did not use
the orocesses at all,

The communication handicanved eroup orofile was very
homoeseneous, High consistent usaze of the processes

characterized the vatterns of this cohesive e¢rouo.
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Normal Sveakineg f(rouo

The sum structure scores for the normal eroup (Table 8)
showed low frequency scores for most of the children., The
sums ranged from one to 85, Ninety vercent of the normal
sveaking children had scores under 42, One child had an
exceotionally hieh score. This boy was the younsest member
of the group with a chronolozical age of 3.0. Perhavs his
immaturity was the major factor in makine his sveech vat-
tern resemble that of a communication handicavrved child,

Frequency orofiles for the normal sveakinz subjects
revealed low scores in most of the orocesses, None of the
subjects used velar assimilation, pre-vocalic voicine,
final consonant devoicine, #liding of fricatives and denasal-
ization. Glottal replacement, alveolar assimilation,
affrication, weak syllable deletion, and vocalization had
only isolated instances by a few subjects. Cluster reduc-
tion, final consonant deletion, and labial assimilation
showed consistent usage by a few subjects,

The three remainine orocesses in the PPA samvle con-
tained the highest frequency scores for the groun. Stoovine
was consistently used by all the normal sveaking subjects
excent for two students. Frontinz was used on a consistent
basis by half the &rouv, *Finally, glidineg of liquids con-

tained hieh frequency rates for two subjects,



TABLE 8

PHONOLOGICAI. PROCESS FREQUENCY SCORES

FOR _NORMAL SPEAKING SUBJECTS

Statistics Denasalization Glottal Alveolar Velar Gliding Pre-vocalic Affri-
Replace- Assimi- Assimi- Frica- Voicing cation
ment lation lation tives

Mean o .2 4 0 0 0 .3

Mode 0o o o o 0 o o

Range o 0-2 0-2 0 o 0o 0-2

Standard Deviation 0 . .8 0 0 0 .6

Total Possible

Occurrences _62 54 26 26 128 82 36

Statistics Labial Final Conson- Weak Syl- Vocali- Gliding Final Conson-

Assimi- ant Devoicing 1lable zation Liquids ant Deletion
lation Deletion

Mean A 0] .6 .1 7.6 1.4

Mode 0 0 0] 0] 0 0

Range 0-4 0 0-2 0-1 0-47 0-4

Standard Deviation 1.2 0 .9 .3 16.0 1.3

Total Possible

Occurrences 24 50 12 42 92 220

Statistics Cluster Fronting Stopping Sum Structures

Reduction

Mean 1 3.5 7.8 23.3

Mode 0 5 6 6

Range 0.4 0-9 0-19 1-85

Standard Deviation 1.6 3.8 6.1

Total Possible

Occurrences 98 112 128

26



93
Between Grouv Analysis

The Mann-whitney U Test revealed there were significant
differences in the sum structure scores between the normal
sveaking children and the retarded at the ,0001 level of
siegnificance, and the normal speakineg versus communication
handicapved at the ,001 level, No significant difference
was found between the retarded grouvp and the commurnication
handicapned groun., These tests of statistical difference
were based on total frequency scores of all the processes
taken as a sum.

Statistical significance in frequency of processes was
computed for individual processes, using the Mann-Whitney
Test to compare groups (see Table 9), The retarded groupo
could be separated from the handicapped grouo only on one
process, The retarded used final consonant devoicine more
frequently than the handicaoved group. The retarded could
also be sevarated from the normal speakine zrouv in the
orevious process vlus pre-vocalic voicine, labial assimila-
tion, weak syllable deletion, vocalization, zlidineg of
liquids, final consonant deletion, cluster reduction,
fronting and stovving. The retarded used these vrocesses
more frequently than the normal sveakine children in every
cagse at a level of siegnificance of at least ,05 level for
each orocess, The communication handicavved erouv could be
sevarated from the normal sveakine grouvp on ten vrocesses,

The handicavoped grouv used the processes of zlottal revlace-



TABLE 9
BETWEEN GROUP DIFFERENCES
BASED ON PHONOLOGICAL PROCESS
FREQUENCY SCORES

Process Retarded Retarded Handicapped
vs vs s
Hand i capped Normal Normal
Denasalization N.S. NS NS
Glottal Replacement N.S. NS NS
Alveolar Assimilation N.S. NS *
Velar Assimilation N.S. NS NS
Gliding Fricatives N.S. NS *
Pre-vocalic Voicing N.S. * NS
Affrication N.S. NS NS
Labial Assimilation N.S. * NS
Final Consonant Devoicing * % *
Weak Syllable Deletion M.S. ** lallaflad
Vocalirzation N.S. % *
Gliding Liquids N.S. * *
Final Consonant Deletion N.S. * hadaliod
Cluster Reduction N.S. * %% okl dd
Fronting N.S. alel e
Stopping N.S. i *
Sum Structures N.S. add *A

N.S. not Significant * .05 Level of
Significance
*#%* 01 Level of Significance
*#%% 001 Level of Significance
*###% 0001 Level of Significance

76
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ment, elidine of fricatives, final consonant devoicine,
weak svllable deletion, vocalization, ¢liding of 1liquids,
final consonant deletion, cluster reduction, frontine

and stooning more frequently than the normal grouv.
Finally, table ? also shows that nine orocesses reached
significant levels to separate both the retarded and the
communication handicavpved #rouvs from the normal sveaking

groun,
Discussion of Frequency Analysis

Results from this study suvported the basic conclu-
sions of the previous studies compvleted with similar
pooulations., Panazos (1974) who examined lanzuage delaved,
and Hodson and Paden (1981) who examined unintelligible
sveakers, found that their sveakers used the same phonoloei-
cal processes as normal speakers, However, both authors
did note frequent usaze of zlottal revlacement by the
handicavped speakers, a orocess that was rarely used by
the normal speakers, Panagos, Hodson and Paden feel that
this mieht be a process which sevarates the two experimental
grouvs. The results from this study do not supvort this
theory. Glottal replacement was used by only one com-
municatiorn handicavved child on a consistent basis., Thus,
2lottal revlacement could not be distinzuished as a voro-
cess that separated the two groups in the current study,
but only as a orocess that is used when the child has a

hieh number of different orocesses in his/her vattern,
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Syllabic Context and Phonological Process Usage

Results

Phonological vrocess frequency scores were arranged
with respect to the syllabic structures tavved by the PPA
sampling tool, The same order of syllabic structure vro-
cess frequency based on mean vercent of usage was noted
for the retarded and communication handicaoved zrouvs
(Table 10), The three syllable structures that contained
the highest vercentare rate of ohonolozical orocess usage
were consonant-consonant-vowel (CCV), consonant-consonant-
vowel-consonant (CCVC), and consonant-vowel-consonant-con-
sonant (CVCC), with CVCC having the hizhest vercent of
orocess usaze, Thus most sound chanzes occurred in words
that contained consonant clusters,

Examination of the normal speaking children's vrocess
usage exvosed a more random pattern than the other two erouvs,
Phonological orocesses were used on all types of syllabic
structures with a low vercent rate for all structures,

Between group analysis based on Mann-Whitney U Tests
showed that orocess frequency on different syllabic struc-
tures could sevarate the normal sveaking children from the
other two exverimental eroups. The retarded and communica-
tion handicaoved used more orocesses on each of the syllabic
structures except for consonant-vowel, than the normal
sveakine groun., Table 11 offers sienificant levels for

differences between grouvs. Consonant-vowel was the only



TABLE 10

SYLLABLE STRUCTURE PROCESS FREQUENCY SCORES

Scores Cv__CcvC Two Syllable Three Syllable CCVC CCV  CVCC
Retarded Group
Mean .8 33 53.1 8.7 28.3 5.4 19,9
Mode 0 26 41 9 34 o 15
Range 0-8 5-65 4-100 2-18 2-62 0-8 2-32
Possible Occurrences 20 310 464 74 204 38 76
Mean Percent of Usage 4 10.6 1.4 11.7 13.8 14.2 26.1
Communication Handicapped Group
Mean 1.2 35 71.3 11.6 35 6.2 16.5
Mode 0o 22 45 11 24 4 23
Range 0-3 9-77 33-125 6-19 3-58 4-10 7-24
Possible Occurrences 20 310 L64 74 204 38 76
Mean Percent of Usage 6 11.2 15.3 15.6 17.1  16.3 21.7
Normal Speaking Group
Mean .1 6.2 9.2 1.8 3.4 0 .6
Mode 0 4 2 2 0 4 0
Range 0-1 0-19 0-34 0-5 0-23 0-4 0O-4
Possible Occurrences 20 310 L64 74 204 38 76
Mean Percent of Usage .5 2 1.9 2.4 1.6 5.2 .7

L6



TABLE 11
SYLLABLE STRUCTURE FREQUENCY SCORES

Variable Mean Standard Deviation Mean Standard Mean Standard Deviation
Retarded Retarded Hand i~ Deviation Normal Normal
capped Handicapped
cv .8 1.8 1.2 1.1 .1 .3
cve 33.0 17.5 35.2 20.4 6.2 6.1
Two Syllable 53.1 28.5 1.3 32.5 9.2 10.5
Three Syllable 8.7 4.3 11.6 3.9 1.8 1.6
cCcv 5.4 2.2 6.2 2.6 2.0 1.8
CCVC 28.3% 14.7 35.8 17.3 3.4 7.1
cvcC 19.9 8.0 16.5 6.7 .6 1.3
GROUP_COMPAR ISONS
Variable Retarded Retarded Handicapped
vs vs vs
Handicapped Normal Normal
CcvV N.S. N.S. N.S.
CcvVC NS 3% %
Two Syllable NS * NN e
Three Syllable * Radladeiel fullalafel
CCV NS % %% * %
CCVC NS I 3% *%
cvee NS 33 % P

*sigaificant at .05 level N.S. not significant

x#¥gjgnificant at .01 level

*e#gjignificant at .00t level
skxxgignificant at .0001 level

86
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syllabic structure that did not sevarate the groups.

This structure contained a low frequency of process
usage for all the grouns, Finally, the retarded erouo
scores and the handicapped zrouv scores did not sevarate
these two grouvs on a statistically significant vasis,
Both groups showed the same vattern of frequency.
Additional between group analysis was completed on
the basis of consistent phonologzical orocess usage, The
entire subject povulation was sevarated into two zrouvs,
The first arouv contained all those children who were
consistent process users of a particular orocess, and the
second group, those who were not consistent users of a
particular process, Each phonological process was analyzed
with respect to frequency of usace of a process on a
particular syllabic structure, Table 12 shows significant
differences between consistent vrocess users and non-
consistent users that were obtained for certain syllabic
structures on individual ohonological vnrocesses usine the
Mann-Whitney U Test.
The following discussion specifies these significant
differences,
1, The scores on denasalization and labial
assimilation showed that consistent users
of these obrocesses used them more frequently
than non-consistent users in CVCC syllables.
2. Glottal revlacement and alveolar assimila-
tion scores showed that the process users

used these vrocesses more frequently than



TABLE 12
DIFFERENCE BETWEEN PROCESS/NON-CONSISTENT PROCESS USERS
IN SYLLABLE STRUCTURE FREQUENCY SCORES

Process CV CVC Two Syllable Three Syllable CCV CCVC CVCC
Words Words

Denasalization NS NS NS NS NS NS *
Glottal Replacement NS *% * ** NS * *%
Alveolar Assimilation *xk * * NS * * NS
Vela~ Assimilation NS NS NS * NS NS NS
Gliding of Fricatives LI o ** * *% *
Pre-vocalic Voicing L * NS *E - * *%
Affrication NS NS NS NS NS NS NS
Labial Assimilation NS NS NS NS NS NS *
Final Consonant Devoicing NS * * NS * NS *
Weaikr Syllable Deletion NS  *¥#* % il LA b A
Vo()a] j_za tion Ns E 2 2 2 2 E 2 2 2 k2 2 2 J L2 2 3% % %%
Gliding of Liquids NS % 9% % ¥ %% %% 3% %% %%
Final Consonant Deletion NS *#¥* *HNR #RHN HRE RXNR NHNR
Clust.;,r Reduction NS k2 3 2 %% %% E 2 2.2 ] %% % % La 2 24
Front j_ng NS * 3¢ ¥ *% * * %
Stopping NS * * * * * NS

*Significant at .05 level N.S. Not Significant
*#Sjignificant at .01 level

#x#xSignificant at .00% level
kxx*¥Significant at .0001 level

001
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non-orocess users on five of the seven

syllabic structures,

The orocesses that were consistently used

by the majority of children revealed sieni-
ficant differences between the process users
and the non-consistent users on six of the
seven structures, The vrocess users used
weak syllable deletion, vocalization, #lid-
ing of liquids, final consonant deletion,
cluster reduction, and fronting more fre-
quently on all syllabic structures, except
for CV, than those who were non-consistent
users,

Stopping, which was used by 37 of the 40 sub-
jects on a consistent basis, revealed
significant differences on five of the seven
syllabic structures when vrocess users versus
non-consistent process users were comvared,
The phonological processes which were used
consistently by six to 12 children revealed

a varied pattern of occurrence amoneg the
syllabic structure tyves, Glidineg of frica-
tives, pre-vocalic voicineg, final consonant
devoicine showed higher rates of vrocess
usage by consistent users on four to seven

of the syllabic structure tvves, than by non-

consistent users.
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6. Finally, affrication revealed no significant
difference in the vorocess frequency scores
of process users versus non-consistent oro-
cess users with resvect to syllabic structure,
The reason might be that this was a vorocess
used by few children with low frequency scores,
with a few instances in several syllabic struc-

tures,
Discussion of Process Usare

Limited research has been completed in the examina-
tion of syllabic structure of words that contain phonolog-
ical errors. A review of the literature showed that some
studies do, while others do not, suoport the findinegs of
the present study.

Klein (1981) examined the speech skills of a small
group of normal speech developineg children and found that
multi-syllabic words were often the tarsets for vhoneme
and syllable deviations from the adult model. Because of
the complexity of the structures, children often empnloyed
simolification orocedures. Panagos et al, (1979) further
defined the syllabic/vhonolozical error relationshiv by
concludinz that an increase in lexical complexity resulted
in an increase in phonological errors. In a study with
1?7 functional phonologically disordered children, they
found that vhonological errors increased from monosvllables

to disyllables,
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The results of the voresent study do not suvvort

the conclusion of Panagos et al. Multi-syllable words

did not contain the highest frequency vhonological oro-
cess usage, Monosyllable word types composed of consonant
clusters showed the highest vercent of orocess usace for
all the children, Fewer processes may have occurred
because the multi-syllable words contained individual
syllables less phonemically complex than the monosyllable
words, Eigzhty vercent of the multi-syllable words were
composed of two simole monosyllable structures (i.e, CV +
VC, CVC + CVC). Ornly eight multi-syllable words contained
a consonant cluster syllable, Thus multi-svllable words
were really less complex than monosyllabic words contain-
ing consonant clusters, As a result more phonological
orocesses usaze occurred in monosyllable words than multi-
syllable words,

The remaining previous research that will be reviewed
in this section include studies that involve phoneme errors,
Since phonological vrocess usage can often result in
phoneme changes as well as syllable changes, the results
of the vresent study can also be comvared to this research,

Menyuk and Looney (1972) examined the sveech of
language delayed and normal children. They found that
more vhoneme errors occurred in final consonant clusters
than in initial consonant clusters in words,

Kiparsky and Menn (1977) also maintained that most

children make more vhoneme errors at the ends of words
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than at the becinnines of words, They hyvpothesized that

percevtual reoresentations underlie vroductive realiza-
tions. In order to reoroduce difficult syllable struc-
tures, children will often adoot the strategy of vaying
varticular attention to the beginnine phoneme seesments
and so reoroduce the initial segments with fewer phoneme
errors than final seements.

Kiparsky and Menn's theory and Menyuk and Looney's
results were vartially uvheld in the oresent study. The
retarded and communication handicapped children in this
study used ohonological vorocesses at the highest rate of
vercent for final consonant clusters, However, the normal
sveaking children had the highest vercent of process usace
in the initial consonant cluster catezory. Therefore,
only vart of the population in this study used the strate-
2ies predicted by vrevious research,

Another factor that migeht have influenced the rate
of syllabic process usage is the language-gspecific fre-
quency of occurrence of syllable tyves. The frequency
of occurrence of the different tyves of syllable struc-
tures in English has been investicated by French et al.
(1930), After sampling televhone conversations, they
observed the following percentases of occurrence of the

svllables in everyday conversation:
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cv 21.8%
cve 33.5%
ccv .87
cvee 7.8%
ceve 2.8%
cevee 5%
Ve 20,34
v 9.7
vee 2.87

Since the PPA tool did not sample the processes in
initial vowel syllables, only the initial consonant
syllebles can be used in analyzing the results in this
study with respect to French's findings.

One analysis of French's results would have predicted
@ low rate of errors in CV and CVC syllables since these
structures are most frequent in English, The high fre-
quency rate provides many opportunities for practice to
perfect phonological skills, On the other hand, the in-
frequent CCV, CVCC, and CCVC and multi-syllable structures
would 1limit practice opportunities and thus be potential
targets for errors, These syllabic predictions were gen-
erally upheld in the results for the rétarded, communica=-
tion handicapped, and normal speaking children, The
retarded and communication handicapped children had the
highest error rates on the CCV, CVCC, and CCVC syllables,

The normal speaking children had the highest percent of



error in 227 syllables and mul<i-syllable words, There-
fore, all *the children had ~he nighest error rates in the
infrequent syllatle stiructures, However, it must be noted
*hat the normal soeakine children had low rates of errors
in 211 <he syllable structures with very lit%tle disvarity
between scores,

Another analvsis of the frequencyv of structures in
our language results would have vredicted that manv errors
would be found in ZY and 7’7 since these structures are
‘requent in Tnelish and thus vnrovide many ovvortunities
for makineg errors, As a result the error nattern would te
strenrthened by the reveaterd exnosure to the errant sitruc-
tures, “he infrequent structures wbuld vrovide few ovnvor-
tunities for the errors to be reinforced, Therefore,
accordiing to this arzument the highest error rates should
be in 7Y and CVT structures, This was not the case in the
nresent research, The mean vercent o7 error rate was not

tha hizhest in Z7 and C7% for the retarded, communicatior

nandicaoved, and normal sveakines crouns,
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CHAPTER V

SUMMARY AND CONCLUSIONS

Summary

This study was undertaken to examine the speech
production skills of young educable mentally retarded
children and pre-school children of normal intelligence.

The hypotheses tested were that: (1) educable mentally
retarded children will differ significantly from the normal
I.Q. children in the frequency of use of the phonological
processes examined; (2) those phonological processes that
are used by both the retarded and normal 1.Q. children

will be more frequently used by the retarded than the
normal I.Q. children; (3) educable mentally retarded chil-
dren will differ in their pattern of use of the phonological
processes examined,

Porty children between the ages of three and seven
years two months from local schools served as subjects,

The experimental group contained 20 educable mentally
retarded children with 1.Q. scores between 50 and 7?5, The
first control group contained ten children of normal in-
telligence who demonstrated a communication handicap. The
second control group contained ten children of normal intel-

ligence who had no communication handicap, The research
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population was matched on the basis of mean lenzth of
utterance since all the children produced spontaneous
utterances of between three and five morphemes.
The following protocol was observed for each child
who participated in the study:
1, A speech sample was obtained by having
the child respond to the Weiner Phonological
Analysis (PPA) as specified in the manual
(Weiner, 1979). The tool was desizned to
elicit speech for the purpose of determining
phonological process usage,
2., A peripheral speech examination was performed
on each child,
3., The Peabody Picture Vocabulary Test was
administered to each child,

Conclusions

It can be concluded from this investigation that
educable mentally retarded children use a significantly
greater number of phonological processes than children
with normal I.Q. and no communication handicap use.

The first hypothesis is thus accepted, as is the second,
since it was found that retarded children make more
frequent use of those processes than the normal speakingz
children, Finally, retarded children do not significantly
differ from the normal speaking children in their pattern
of usage of the phonological processes., Thus, 2 hierarchy

of process usage is evident, with a decrease in process
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usage resulting in a rather orderly elimination of pro-
cesses from denasalization to stopping for all the chil-
dren, Therefore the third hypothesis is rejected.

These conclusions support the speech development
theories of Lenneberz et al. (1962) and Schlanzer (1953)
that retarded children demonstrate the same types of
speech problems, but with greater frequency, than normal
I.Q. children with no communication handicap. The conclu-
sions also support the notion that since the retarded
children and the normal speaking children demonstrate the
the same pattern of phonological process usage, the tech-
niques for remediation of both groups can be the same,
Therefore, the therapy suzgestions that have been made by
Ingram (1976) and Hodson (1980) can be applied to the
retarded population., However, caution must be observed in
the exact duplication of techniques for both groups. The
intellectual limitations of the retarded group will require
that modifications in procedures be made. The need for
modifications is also highlighted in this study by the
results of the syllabic structure analysis of the processes,
The retarded children used the processes most often on
consonant-vowel-consonant-consonant structures (CVCC).

The normal speaking children used the processes most often
in the consonant-consonant-vowel structures (CCV), This
difference should be an important consideration when

designing a therapy program. The need for tailoring
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speech therapy programs to the specific problems of the

retarded was also supported by the results of the compari-
son between the retarded and the normal I.Q. communication
handicapped group.

Comparison of phonological process usage by the re-
tarded with normal I.Q. communication handicapped children
revealed that there was no significant difference in the
number of processes used or the frequency of 15 of the
processes examined between these two groups., The retarded
and communication handicapped also showed the same pattern
of phonological process usage, However, the communication
handicapped had a lower reliability score than the retarded
in the pattern of usage analysis., This suzzests that,
although retarded and communication handicapped children
both use phonological processes, they do not show the same
prevalence of types, Those communication handicapped chil-
dren who used a large number of processes did not always
use the same processes as the high frequency process users
in the retarded population., Therefore, it can be claimed
that retarded children differ from the communication handi-
capped population. More research is needed to further
explore the difference(s) between these two groups,

Finally, we may note there was considerable intra-
group variability for each of the three populations. The
broad ranges of frequency scores found within each group

indicate that different children use a given process with



111
different frequencies., The low frequency rate or non-use
of various processes by the children insures, and perhaps
explains why each of the children displays at least a
minimal level of communicable ability: some portion of
every child's phonological performance approximated that

of an adult speaker,
Limitations

The Phonological Process Analysis Tool by Frederick
Weiner lacks established norms, Therefore, the results
of this study could not be compared to a standardized
process profile, The tool also failed to sample each of
the processes an equal number of times, This necessitated
separate totals for possible process usage, rather than
one consistent total for each process, in order to calcu-

late rates of processes that were comparable to one another,
Recommendations

This study should be replicated on a larger sample of
subjects so that more powerful statistics might reveal
broader differences between the groups in the use of phono-
logical processes, The sample of subjects should also
encompass a broader range of language development skills,
Younger children from the normal speaking group might
reveal developmental trends in the data. These data could

then be compared to those of expanded mentally retarded
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and communicatién handicapped groups. More children are
needed in the upper developmental range in the latter
groups to reveal developmental trends in phonological
process usage,

Another suggestion is to replicate the study by
eliciting spontaneous speech responses as primary data,
However, since spontaneous speech is difficult to obtain
from many mentally retarded children in a test situation,
such a replication should be carried out with a small

experimental group.
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PROCESS PROFILE

7 =
Name Age =5 = 3 ;
Birthdate ‘2: 3 2 £ 3
T 3% b
Date g. ;- %g g
Syllable Structure Processes & £ & & &
Phonetic Inventory Deletion of final consonants (1) 8
Present Absent Cluster reduction (4) 28
Weak syllable deletion (3) 6
hwjlr Glottal replacement (2) 8
Harmony Processes
pbtdkg Labial assimilation (4) 8
Alveolar assimilation ($) 6
Y d3 Velar assimilation (3) 8
Prevocalic voicing (1) 8
fvedszf3 Final consonant devoicing (2) 8
Feature Contrast Processes
mnp Stopping (1) 8
Gliding of fricatives (3) 6
Affrication (2) 8
Fronting (4) 8
Denasalization (5) 8
Gliding of liquids (6) 8
Vocalization (7) 8

Descriptions of other processes. e.g.. manner assimilation. nonfinal devoicing. neutralization. etc.

Copyright © 1979 by University Park Press



APPENDIX B
SPEARMAN CORRELATIONS
OF

TEST SCORES WITH OTHER SCORES

ON
PHONOLOGICAL PROCESSES

Denasaliration

Glottal Replacement
Alveolar Assimilation
Velar Assimilation
Gliding Fricatives
Pre-vocalic Voicing
Affrication

Labial Assimilation
Final Consonant Devoicing
Weak Syllable Deletion
Vocal ization

Gliding Liquids

Final Consonant
Cluster Reduction
Fronting

Stopjping

*Significant at .05 level
kxSignificant at .01 level
**%Sjignificant at .001 ievel

.82%un
.66%#+
.36%%
L83nu%
S5 enR
*® 38**
L2
27T
JHonR®
No correlation score
Nia sl
.69***
.68ree
R R ol
Blyen
.60 *x

1711



APPENDIX ©C
SPEARMAN CORRELATIONS BETWEEN SUM STRUCTURE SCORES
AND SUM PROCESS SCORES

All Experimental Retarded Communication Normal 3Speaking
Groups group Handicapped Group
Group
Sum Structures
with
Sum Processes .86 .71 .67 .97

511
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