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INTRODUCTION

Phonological process analysis has had considerable influence on the analysis of children's
phonological systems and, to a lesser extent, on the methods that have been used to treat
disordered phonological systems since the 1980s. Phonological process analysis made a clear
entry, leaving behind the methods like SODA analysis of 1950’s and it proves to be a robust way

of assessing the child’s phonological system.

By investigating the phonological processes, one comes near to unraveling the
development of the phonological system of a child, being able to discover the intricacies of a
child’s development of speech. Moreover, such information is of substantial use in cases of
children with communication disorders as it shows where the child lies in the process of
phonological development and how deviant the child’s productions are when compared to a

typically developing child.

When dealing with children with communication disorders, assessment is a significant
step for Speech Language Pathologists. A thorough assessment leads to accurate diagnosis,
identification of etiology and complicating conditions, and provides a foundation for
intervention. Haphazard assessment leads to wasted time and energy, and eventually to poor
diagnostic decisions and inefficient planning. Assessment of the phonological processes also
emerged as a popular technique to meet the demand for a more comprehensive means of

assessing children who exhibit multiple speech sound production errors.

Phonological process analysis, despite its clinical significance, a task by itself is laborious
and time consuming. Researchers therefore began investigating the applicability of computers to

this task. Hence, began the era of computerized phonological assessment procedures. In English,



several such computer based analysis have been developed. The computerized Articulation and
Phonology Evaluation System (CAPES) (Masterson and Bernhardt, 2002) is a good example of
such a system that was developed to elicit and analyze phonological productions. Some other
computerized phonological analysis programs are Computer Analysis of Phonological Processes
(CAPP) version 1.0 (Hudson, 1985), Computer Profiling (CP) (Long & Fey, 1988), Logical
International Phonetic Programs Version 1.03 (LIPP) (Oller & Delgado, 1990), and Programs to

Examine Phonetic and Phonologic Evaluation Records Version 4.0 (PEPPER) (Shriberg,1986).

Attempts to computerize the phonological analysis were made in India too. Ramadevi
(2006) developed a computerized assessment tool for profiling the phonological production of
children with hearing impairment. However, only the presentation of the stimuli was
computerized, with the other tasks left solely to the hands of the clinician. Merin (2010)
developed another computerized assessment tool ‘Computer based Assessment of Phonological
Processes in Malayalam (CAPP-M). This is a user friendly software program developed to
automatically assess the phonological processes in Malayalam speaking children, in the age
range 3-3.6 years. This study attempts to develop similar software for a younger group of
children (2.0-3.0) and also incorporating the existing software in Malayalam. This will reduce

the laborious and repetitive manual work involved in traditional phonological analysis.

Need for the study

The intent of the present study is to provide normative data on phonological processes
observed in normal 2.0-3.0 year old native Malayalam speaking children. Several earlier

researchers have concentrated on higher age range; hence information in this age range is



limited. Obtained data fill a void in the existing literature by providing a frame of reference for

those assessing phonological development in this age group.

Computerized assessment of phonological processes helps the tester in achieving the goal
in a short time. Though there are many such computerized tests published in English, an attempt
to develop computer software for phonological analysis are in the initial stages in India. Hence
this study is an important milestone in the field of computer based assessment of phonological

processes in Malayalam Language.

Aim of the study

To develop an indigenous computer based software to assess the phonological processes

in native speakers of Malayalam language speaking children.

Objectives

1. To obtain the most common phonological processes in native Malayalam speaking

children in the age range of 2.0-3.0 years.

2. Based on the normative data collected, to develop a computer based software in

collaboration with software engineers to assess

v The common phonological processes in each child’s utterance

v To rank the ordering of phonological processes

3. To append the existing software in Malayalam named “Computer based Assessment of
Phonological Processes in Malayalam” (CAPP-M), a software developed for assessing

phonological processes in 3.0- 3.6 years old children to the newly developed assessment



tool. Hence the resultant final software will assess phonological processes from 2.0-3.6

years in Malayalam speaking children.

4. To administer the developed software on children with communication impairment for

sensitivity evaluation.

Implications of the study

e The main attraction of the study is the development of an assessment software,
minimizing the effort of the examiner in assessing phonological processes in an Indian

context.

e It provides a quick computer based assessment of phonological processes, as the

phonological process analysis done manually is a tedious and time consuming task.

e The study can be extended in various dimensions with regard to age range and different

dialects of Malayalam and also in other Indian languages.

e This computer based tool aids in early intervention and remediation which can be used
as an index of phonological disability. It serves as a basis for planning phonological

remediation.

e This is a highly user friendly assessment software with absolutely no training required on
the part of the clinician to operate the tool

e Itiseasy and quick to administer



Limitations of the study

e This study assesses the phonological processes within a limited age range from 2.0 years
to 3.6 years, whereas the suppression of the phonological processes continues to a higher

age range.

e The tool identifies any other production patterns other than the patterns given in the tool

as idiosyncratic processes, leaving no option to describe the kind of processes.

e |t contains closed set of patterns and there is no option to describe any other patterns.

e While testing the sensitivity of CAPP-M, children with communication disorders are
considered in the broad category of Hearing impairment and Mental retardation. Children

are not classified according to different levels or degrees of impairment.



REVIEW OF LITERATURE

According to natural phonology theory (Stampe, 1979), phonological processes describe
phonetically motivated and natural patterns of speech production. Supporting evidence for
natural theory comes from examples of evolutionary language change and from descriptions of
sound change in children's developing phonological systems. Stampe (1979) argued that the
sound patterns of language are governed by the limitations of the human speech perception and
production mechanisms and are thus both innate and natural. During development, phonological

processes help to put the least strain on a human's speech ability.

A phonological process will, for example, merge the potential contrast between /t/ and
/K/, resulting in production of [t], the unmarked member of the pair. A child whose language
requires a contrast between /t/ and /k/ will learn from experience to suppress this process (velar
fronting) and produce the contrast between /t/ and /k/. A phonological process may apply to a
class of sounds or sound sequences (Stampe, 1979); for example, the process of stopping results
in the production of stops where fricatives occur in the adult language. The reverse would not
occur naturally because fricatives have the more difficult property. Phonological processes can
co-occur, giving rise to more unique pronunciations. On the other hand, phonological processes

that do not have a clear physiological basis are not natural and are considered deviant processes.

Phonological processes have been an interesting topic since the proposal of Natural
Theory (Stampe, 1979) by many authors. There are many definitions that one will find while
reviewing the literature. Table 1 shows definition of phonological processes given by different

authors.



SL NO. | AUTHORS DEFINITION OF PHONOLOGICAL PROCESSES

1. Stampe Phonological processes merges a potential phonological opposition into
(1969) that member of the opposition which least tries the restrictions of the

human speech capacity.

2. Stampe A phonological process is a mental operation that applies in speech to
(1979) substitute for a class of sounds or sound sequences presenting a common
difficulty to the speech capacity of the individual, an alternative class
identical but lacking the difficult property.

3. Lowe A systematic sound change that affects classes of sounds or sound

(1996) sequences and results in a simplification of productions.

Table 1: Various definitions of phonological processes

Systematicity in Phonological Patterns

Phonological process is a descriptive rule or statement which accounts for errors of
substitution, omission or addition. In search of systematicity and patterns in misarticulated
speech, Ingram (1976) suggested two assumptions. One assumption is that phonological
processes are correspondence rules. That is 1:1 correspondence is observed between child’s error
production and the adult target. This is because, the child knows the adult form but simplifies it.
The second assumption is that phonological processes are simplification rules. The child applies
phonological processes to simplify adult targets that are difficult to produce. These two
assumptions explain not only describing the error production but also attempt to provide an
explanation for why the errors occur. Ingram also explains the reason for the child’s attempt to
simplify and produce all the segments of the adult target as immature motor, cognitive,

perceptual, or linguistic capabilities.

Oller (1975) explains “the sorts of substitutions, deletions and additions which
occur in child language are merely random errors on the child’s part, but are rather result of a set
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of systematic tendencies”. Phonological substitutions show great regularity in the language of

children.

Phonological processes in English

Different authors have identified different phonological processes (approximately 40),
though only a handful occur with any frequency. Table 2a and 2b give the classification of
phonological process as given by various authors and Table 2c shows the profile of phonological

development (Grunwell, 1987).



Weiner
(1979)

Shriberg & Kwiatkowski
(1980)

Hodson
(1980)

Syllable structure process
Deletion of Final consonant

Cluster reduction

Initial stop+ liquid
Initial Fricative + Liquid
Initial /s/ clusters

Final /s/ clusters

Final Liquid + stop
Final nasal + stop

Weal syllable Deletion
Glottal Replacement

Harmony Process

Labial assimilation
Alveolar assimilation
Velar assimilation
Prevocalic voicing

Final consonant devoicing
Syllable harmony

Feature contrast processes
Stopping

Gliding fricatives
Affrication

Fronting

De-nasalization

Glide of liquids
Vocalizations

1. Final consonant deletion
2. Velar fronting:

» |Initial
= Final
3. Stopping:
= Initial
= Final
4. Palatal Fronting:
= Initial
»  Final
5. Liquid Simplification:
» |Initial
»  Final

6. Assimilation:
=  Progressive
=  Regressive
7. Cluster Reduction:
= |nitial
=  Final
8. Unstressed Syllable
Deletion

Basic Phonological Processes
Syllable Reduction

Cluster Reduction

Prevocalic Obstruent Singleton
Omission

Post Vocalic Obstruent Singleton
Omission

Stridency Deletion

Velar Deviation
Miscellaneous Phonological
Processes

Postvocalic devoicing

Glottal Replacement
Backing

Fronting

Affrication

De-affrication

Palatalization
De-palatalization
Coalescence

Epenthesis

Metathesis

Sonorant Deviations
Liquid /l/

Liquid /r/

Nasals

Glides

Vowels

Assimilations

Nasals

Velar

Labial

Alveolar

Avrticulatory shifts
Substitution of /1, v, s, z/ for / 0,
o/

Frontal lisp

Dentalization of /t, d, n, I/
Lateralization

Other patterns

Table 2a: Classification of phonological processes by various authors




Ingram Grunwell Dean et al.

(1981) (1985) (1990)

Deletion of Final Consonant Structure simplifications Systemic processes
1. Nasals Weak syllable deletion Velar fronting

2. Voiced stops
3. Voiceless stops
4. Voiced fricatives
5. Voiceless fricatives
Reduction of Consonant Cluster
6. Liquid
7. Nasals
8. /sl Clusters
Syllable deletion and reduplication
9. Reduction of disyllables
10. Unstressed syllable
deletion
11. Reduplication
Fronting
12. Of palatal
13. Of velars
Stopping
14. of initial voiceless
fricatives
15. Of initial voiced fricatives
16. Of initial affricates

Simplification of Liquids and Nasals

17. Liquid gliding

18. Vocalization

19. Denasalization
Other substitution processes

20. Deaffrication

21. Deletion of initial

consonants

22. Apocalizattion

23. Labialization
Assimilation Processes

24. Velar assimilation

25. Labial assimilation

26. Prevocalic voicing
Devoicing of final consonant

= Pretonic

= Postonic
Final Consonant Deletion

= Nasals

= Plosives

= Fricatives

= Affricatives

= Clusters-1

_2+

Vocalization
/1/ other C
Reduplication

= Complete

= Partial
Consonant Harmony

= Velar

= Alveolar

= Labial

. Manner
Other

S.L Cluster Reduction

=  Plosives+ approximants
Fricatives + approximants
/sl + plosive
/sl + nasal
/sl + approximants
/sl + plosive +
approximants
Systematic Simplifications
Fronting

= Velars

=  Palato- Alveolars

Stopping

il
= /0/ o/
= /sl fzl
LI L /A (i)
= I

Gliding:
=N
= Fricatives

Context Sensitive Voicing

WI and WF

Voicing

Voicing WW

Devoicing WF

Glottal replacement

Wi

WW

WF

Glottal Insertion

Palato-alveolar fronting
Stopping of Fricatives
Stopping of Affricates

Word final devoicing

Context sensitive devoicing
Liquid Gliding

Fricatives Simplification

(th, f: dh. v)

Backing of alveolar stops
(unusual or atypical processes)

Structure processes

Final consonant deletion

Initial consonant deletion
(unusual / atypical processes)
Initial Cluster Reduction/ deletion

Table 2b: Classification of phonological processes by various authors
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Labial Lingual
Nasal Final word tend to show
Plosive » Individual variation in consonants used;
Fricative »  Phonetic variability in pronunciations;
. Approximant »  All simplifying processes is applicable.
P
g
he
m n Reduplication FRONTING of velars
pb td Consonant harmony STOPPING
-5 w FINAL CONSONANT DELETION | GLIDING/r/->[w]
o & CLUSTER REDUCTION CONTEXT SENSITIVE VOICING
(@]
m n i) Final Consonant Deletion STOPPING
pb td k ¢ CLUSTER REDUCTION FRONTING
=c w h GLIDING /rl— [w]
o & CONTEXT SENSITIVE VOICING
Final Consonant Deletion STOPPING /v 6 z tf d3/
m n | CLUSTER REDUCTION FRONTING /f/—> [s]
>5 pb td k g GLIDING /r/ —> [w]
@ “?_ f S j h
o
25 w0
Clusters appear: STOPPING /v &/ (/z])
Obs + approx used; 16/ —> [f]
S @ /sl clusters may occur FRONTING of / tf d3 J/
%'g GLIDING /rl— [w]
D)
n Clusters established: (/6/—> [1])
m t d tfd3 k g Obs+approx:approx. ‘immature’ (/8/—> [d] or [v])
p b Is/ clusters: /sI>FRICATIVE PALATALIZATION of
sz [ h [tfd3 J/
fv I i GLIDING /rl — [w]
w
S5@ Obs+ approx. acceptable
i /s clusters: /s/>type FRICATIVE
o
NN
m n 1 /0/-> [n]
pb tdtf d3 k g 181> [d]or[v]
§ fvedsz J 3 h Il > [w]or[]
oV w Ir i

Table 2c: Profile for Phonological Development (Grunwell, 1987)
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Grunwell (1987) produced a “profile of phonological development” from age 0.9 to 4.6
years based on information derived from numerous reports of children’s word forms. This

presents a broader picture about the phonological acquisition as shown in Table 2 (c).

Regardless of the language being learned, the research on the normal use and suppression
of phonological process indicates that most children use the common processes early in their
development of the sound system. Following paragraphs report the studies done by various

researchers related to phonological processes.

Based on the study by Dyson and Paden (1983), five processes in 40 normally developing
2 year olds over a 7 month period were identified. They noted that gliding was most frequently

used, followed by cluster reduction, fronting, stopping, and final consonant deletion.

Haelsig and Madison (1986) studied 2:10 to 5:2 years children and developed
developmental data on the phonological processes of fifty English speaking normal children. The
Phonological Processes Analysis (PPA, Weiner, 1979) was administered to all subjects. The
process of cluster reduction, weak syllable deletion, glottal replacement, labial assimilation and
gliding of liquids were used by 3 and 3:6 year old children. Weak syllable deletion and cluster
reduction were prominent in the speech of 4.6 and 5 year old children. These processes indicated
a delayed or disordered phonological system. This study found that greatest reduction in use of
the phonological processes occurred between 3 and 4 years of age. Deletion of final consonants,
stopping, fronting and gliding of liquids were processes whose frequency was reduced by 50% in

the 4 year old children.

The rate at which the processes are suppressed varies between children but the greatest

rate of process suppression occurs between 2 %2 and 4 years of age. Roberts, Burchinal and Footo

12



(1990) note that the most commonly occurring processes (children between 2 %%- and 4- years -

old), are deletion of final consonants, cluster reduction, fronting, stopping, and liquid gliding.

Goldstein and Washington (2001) conducted a collaborative study to investigate
phonological patterns in 12 typically developing 4- year old bilingual (Spanish- English)
children. The results indicate that there were no significant differences between the two
languages on percentage of consonant correct; percentage of consonant correct for voicing, place
of articulation, and manner of articulation; or percentage of occurrence for phonological
processes. Most commonly occurring phonological processes included stopping and final

consonant deletion in English and liquid simplification and cluster reduction in Spanish.

James (2001) examined the occurrence of 30 phonological processes in 50 Australian
children across the age range of 2.0-7.11 years. Children’s most spontaneous naming of 199-
mono, di-, and polysyllabic words which repeatedly sampled all consonants and vowels in all
different position was used. The results show that the greatest reduction in phonological process
was between 3-4 years of age. Phonological processes that persist beyond 4 years of age were
velar fronting, depalatalization, vocalization, cluster reduction, final consonant deletion, gliding,
vowel changes, epenthesis, velar assimilation, glottal replacement and fricative simplification (6

and 0).

Phonological processes in other languages

With the rapidly increasing number of clinical referrals for children whose first language
is not English, it is important to consider the cross-linguistic application of phonological
processes. If phonological processes are innate and universal, they must be attested across

languages. A study of Italian children (Bortolini & Leonard, 1991) found commonalities across

13



languages in the developmental patterns of both typically developing and disordered
phonological systems. Exceptions were attributed to differences in the sound classes that occur.
The trilled Italian /r/, for example, was commonly replaced with [1], rather than glides, as
commonly occurs for the English rhotic consonant. Yavas and Lamprecht (1988) observed
cluster reduction and liquid gliding in Portuguese-speaking children, but stopping of fricatives,
glottal replacement and obstruent devoicing did not occur. So and Dodd (1994) found common
processes used by both Cantonese- and English-speaking children, but observed a low frequency
of gliding as well as processes in Cantonese that are not typical in English (e.g., initial consonant
deletion, backing of alveolars, and substitution of [h] for aspirated plosives and /s/). Although
these investigators found phonological process analysis to be a useful means of describing
speech patterns cross-linguistically, there were major differences in the frequency of usage of
processes across languages. This suggests that the articulatory account of children's productions

is not a complete explanation of the patterns (Ingram, 1997).

Topbas (1997) studied the phonological acquisition in Turkish children and reported that
from a cross linguistic perspective, the phonological patterns exhibited coincide broadly with
universal tendencies, although some language specific pattern were also evident. In Turkish /1/
was substituted by /r/, i.e. liquid realization of another liquid where as in English, /r/ is usually

replaced by /w/ or /j/ a gliding process.

Dyson and Amayreh (1998) examined the normal acquisition of Arabic consonants
between the ages of 2.0 and 6.4 years. The results suggest that the ages of customary production,
acquisition and mastery of Arabic consonants were similar to those for English but with notable
exceptions. The ages of acquisition of Arabic consonants fell into three development periods:

early, intermediate, and late. During the early period in this study, the children acquired at least

14



10 standard consonants or half of the 28 consonants of Arabic when the acceptable forms were
counted. The intermediate period (4.0 to 6.4 years) roughly matches the stage in which the child
completes the phonetic inventory (4.0 to 7.0), including difficult consonants (Ingram, 1989). In
the present study most of the fricatives, the affricate, and the liquid /r/ were acquired during 2-3
years of age. The late period proposed for those children might be compared to Ingram’s stages
of morphophonemic development and spelling. Those consonants not acquired by the oldest
children in the study would be expected to be acquired after 6.4 years old. Conclusion was made
that, medial consonant productions were significantly more accurate than initial and final

consonants.

The phonological acquisition of 129 monolingual Putonghua- speaking children, aged 1.6
to 4.6 years is described by Dodd and Hua (2000). Putonghua (Modern Standard Chinese)
syllables have four possible elements: tone, syllable-initial consonant, vowel, and syllabic-final
consonants. The children’s errors suggested that Putonghua- speaking children mastered these
elements in the following order: tones were acquired first; then syllable final consonants and
vowels; and syllable-initial consonants were acquired last. Simple vowels emerged early in
development. However, triphthongs and diphthongs were prone to systematic errors. The
acquisition of ‘weak stress’ and ‘rhotacized feature’ was incomplete in the oldest children

assessed.

Other factors, such as functional load or frequency of occurrence, are also important
(Pye, Ingram, & List, 1987; Vihman & Velleman, 2000). Pye and colleagues argue that sounds
will be acquired early if they occur in a greater number of important words in the child's early
expressive vocabulary. The fricative /v/, for example, occurs in the early vocabulary of Italian

children, whereas it is a later-occurring fricative in English. Findings of cross-linguistic studies

15



suggest that more information is needed to make appropriate clinical decisions than is provided

by process analysis alone.

Phonological processes in Indian languages

In situations where the child’s native language is not English or when a child speaks a
language, it would not be appropriate to apply the sound development norms for an English
phonological system. It is important to become familiar with the phonological (sound) and

linguistic system of the child’s primary or dominant language.

The literature on phonological processes is mostly from the Western studies and is
inadequate in Indian languages. Therefore, we know relatively little about the phonological
development in Indian languages. However, in the recent past a number of such studies have
been attempted in several Indian languages focusing on the normal phonological process usage

and these have been briefly reviewed in Table 3.
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AUTHOR LANGUAGE AGE COMMON PROCESSES OBSERVED
GROUP

Sunil (1998) Kannada 3-4 years Fronting, cluster reduction,
initial consonant deletion, and affrication

Jayashree (1999) Kannada 4-5 years Fronting, cluster reduction, and stopping

Ramadevi (2002) Kannada 5-6 years Stridency deletion, de-aspiration, and retroflex deletion

Sreedevi , Jayaram & Kannada 2-3 years Retroflex fronting, trill deletion, depalatalization, de-

Shilpashree (2005) affrication, stopping, cluster reduction etc.

Sameer (1998) Malayalam 3-4 years Cluster reduction, final consonant deletion, epenthesis,
affrication, apicalization, de-affrication etc.

Bharathy (2001) Tamil 3-4 years Epenthesis, cluster reduction, gliding, nasal
assimilation, voicing, de-affrication, stopping and
fronting

Ranjan (1999) Hindi 4-5 years Cluster reduction, partial reduplication and aspiration

Santhosh (2001) Hindi 3-4 years Cluster reduction, partial reduplication and aspiration

Rahul (2006) Hindi 2-3 years Retroflex fronting, affrication, de-aspiration, de-
nasalization, /h/deletion, monothongization, stopping

Merin & Sreedevi Malayalam 3-3.6 years Cluster reduction, epenthesis, stopping, fronting,

(2010) palatalization, affrication

Vasanta (1990) Telugu 4™ and 6™ Systematic processes:

Graders fronting, stopping, voicing errors, liquid gliding,
backing
Structural processes:
Consonant deletions, cluster reductions, assimilations,
reduplications, syllable reductions.

Table 3: The phonological processes in Indian languages

Ranjan (2009) studied the developmental data on phonological process in 3-5 years old
English speaking Indian children. Results indicate that in 3-4 year old children, the most
commonly occurring phonological processes were cluster reduction, final consonant deletion,
strident deletion and assimilation. The least occurring processes were diphthong reduction,
vocalization, initial consonant deletion, backing of vowel, de-affrication, and gliding. Fronting

and backing of vowel was found only in two children and stops replacing glide, affrication, and
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vowel harmony was found in only one child. The most commonly occurring phonological
processes in 4-5 year old English speaking Indian children were cluster reduction, final
consonant deletion, and strident deletion. The least occurring process was diphthong reduction,
vowelization, initial consonant deletion, backing of vowel, de-affrication and assimilation.
Fronting and gliding was present in only two children. Apicalization and diminutization were

present in only one child.

Venkatesh, Ramsankar, Nagaraja and Srinivasan (2010) investigated the phonological
processes in groups of predominantly Tamil speaking children and bilingual Tamil-Telugu
speaking children in the age range of 4.6 to 6 years. A total of 60 children including 15 Tamil
and 15 Tamil Telugu speaking children in the age range of 4-5 and 5-5.6 years participated in the
study. Results provided preliminary evidence for differences in the development of phonological
skills in the two groups. The phonological processes of initial consonant deletion, final
consonant deletion, syllable deletion, cluster reduction, affrication, gliding of liquids, fronting,
deaffrication, vowel assimilation, nasal assimilation were observed to be operating in the speech
of monolingual children in the age range of 4-5 years. The processes were found to decrease with
age and observed less frequently as age increases. In contrast to monolingual group there was an
increase in frequency of processes in bilingual Tamil-Telugu speaking children. While most of
the errors resolved by the age of 5 years in the monolingual group, most of the errors persisted in

higher bilingual group studied.

The different speech sounds are acquired at different ages in typically developing

chidren. Various studies have been investigated and suggested that the speech sounds are
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acquired by typically developing children and are specific to different Indian languages and
gender. Divya (2010) suggested that in 2-3 years old Malayalam speaking children acquire
bilabials, labiodentals, dentals and velars were acquired earier compared to alveolar, palatal, and
glottal sounds. Unaspirated sounds were acquired earlier compared to aspirated sounds. While
Usha (2010) reported that in 2-3 years old Telugu speaking children acquired unaspirated sounds
earlier than aspirated sounds. Gender is another possible contributor to differences in the
capacity to acquire speech sounds in early childhood. Huttenlocher, Haight, Bryk, Seltzer, and

Lyons reported faster maturation in language capacities in girls than boys.

Phonological processes in disordered population

Mackay and Hodson (1982) collected speech samples of 20 mentally retarded children
between the ages of 6 year, 4 months and 15 year and were analyzed for the purpose of
identification of systematic patterns. Liquid deviations and cluster reductions were the most
prevalent phonological processes evidenced in their misarticulations. Postvocalic obstruent
omissions, deviations of other sonorants (glides and nasals), velar deviations, stridency deletion,
stopping, and /0, d/ deviations were demonstrated less frequently. In addition, the children

demonstrated pre- and postvocalic devoicing.

Wolk and Edward (1993) provided a detailed phonological investigation of the speech of
an 8-year-old autistic boy. Three approaches were used for elicitation of speech: delayed
imitation, object naming, and a connected speech sample. Phonetic inventory analysis revealed
that stops, nasals, and glides were generally present, whereas fricatives, affricates, and the liquid

Ir/ were absent. This information, together with a phonological process analysis, revealed: (a)
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the existence of several phonological processes that are common in normal development; (b) the
persistence of several phonological processes, e.g., velar fronting, beyond the expected age; (c)
the occurrence of some unusual sound changes, e.g., extensive glottal replacement and segment
coalescence; (d) evidence of “chronological mismatch” (Grunwell, 1981); and (e) restricted use
of contrasts (Ingram, 1976). The subject's use of phonological processes resulted in extensive
homonymy, which, together with process interactions and the use of jargon, resulted in severely
reduced intelligibility. This child appeared to be acquiring his phonological system in at least a
partly unique way, showing some typical patterns as well as some patterns that rarely appear in

normally developing children.

Based on a study on 6 year old hard of hearing child, Oller, Lafayette and Jensen (1978)
reported two main results (a) the phonological substitutions and deletions of this hearing
impaired child are basically same in kind as those found in the speech of younger normals and
(b) the phonological processes of the child’s system fit into groups of processes, each group

operationalizing some phonetic preference of the child.

The comparative research of Hodson and Paden (1981) sought to determine the
phonological processes used by 60 unintelligible and 60 intelligible 4 years old. It was found that
the use of specific phonological processes differentiated the intelligible and unintelligible groups.
For example, the unintelligible children used cluster reduction, stridency deletion, and stopping
in their speech, but most (72%) of the intelligible children did not. This work suggests that the
productivity of selected processes may be important in differentiating intelligible and
unintelligible 4 year- old children. If so children with functional, multiple articulation disorders

are being redefined as phonologically disordered (Locke,1983; Mc Reynolds & Elbert,1981),
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then the data-based profiles of phonological development become increasingly important

(Ingram, 1981).

Suppression of Phonological Processes

The simplification processes described do not disappear in child speech at the same time.
Different processes have varying permanence in developing phonologies. Focusing on age
norms, some investigations are worth mentioning. Stoel- Gammon and Dunn (1985) divided
processes into two categories as those processes disappearing by age 3 years and as those

persisting after 3 years (Table 4).

PROCESSES DISSAPEARING PROCESSES PERSISTING
AFTER 3 YEARS

BY 3 YEARS
Unstressed syllable deletion Cluster reduction
Final consonant deletion Epenthesis
Velar fronting Gliding
Consonant harmony Vocalization
Reduplication Stopping
Prevocalic voicing De-palatalization
----- Final Devoicing

Table 4: Phonological processes before and after 3 years

Based on the results of various studies and often cited sources (Grunwell, 1987; Lowe, 1995,
Smit, 1993a, 1993b, 2004), disappearance of individual processes that apply to at least 75% of
sampled children may be suggested as follows (Penna- Brooks & Hegde, 2007) as shown in

Table 5.
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SL | PHONOLOGIC PROCESS LIKELY AGEOF [ SL | PHONOLOGIC PROCESS LIKELY AGE OF
NO DISAPPEARANCE | NO DISAPPEARANCE
(IN YEARS) (IN YEARS)
1 Denasalization 2.6 11 Depalatalization of initial singles 5
2 Assimilations 3 12 Alveorization 5
3 Affrication 3 13 Cluster reduction (with /s/) 5
4 Context- sensitive voicing change 3 14 Final devoicing 5
5 Final consonant deletion 3 15 Labialization 6
6 Frontinf of initial velar singles 4 16 Initial voicing 6
7 Deaffrication 4 17 Gliding of initial liquids 7
8 Derhotacization 4 18 Vocalization of prevocalic liquids 7
9 Cluster reduction (without /s/) 4 19 Epenthesis 8
10 | Depalatalization of final singles 4.6 20 Consonant cluster substitution 9

Table 5: Likely age of disappearance of phonological processes

Clinical application of Phonological processes

Before phonological processes came to use into clinical assessment procedures, the

traditional method prevalent for treatment were sound-by-sound approaches that taught one

sound at a time, usually in a developmental order. Hence behavioral modification strategies were

used to teach the target sounds. According to natural phonology, learning to pronounce requires

suppression of the innate phonological system (Stampe, 1979). Evidence for this claim is

provided by the observation that children make across-the-board changes once they produce a

segment that they did not use previously. This view is popular among many practitioners as it

asserts that a child knows the sound; consequently, he or she simply needs to learn from

experience to suppress the innate processes in question.
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http://www.blackwellreference.com/subscriber/uid=3/tocnode?id=g9781405135221_chunk_g978140513522127#b28

Clinicians used standardized articulation tests for assessment that do not differentiate
among error types. With the publication of a number of phonological process analysis
procedures, process analysis became more widely applied in clinical practice, especially during
the 1980s and 1990s (Dean, Howell, Hill, & Waters, 1990; Grunwell, 1985; Hodson, 1980;

Ingram, 1981; Shriberg & Kwiatkowski, 1980; Weiner, 1979).

Issues in the Clinical Application of Phonological Processes

In spite of its wide acceptance of the phonological processes analysis, there are a few issues
pertaining to the procedure that have been widely discussed. Some of the issues are discussed

below.

1. Lack of agreement on what constitutes a process

Natural phonology theory is based on observations of ‘normal’ phonological acquisition,
not the clinical observation of phonological disorders. Patterns observed in disordered systems
cannot always be described by natural phonological processes. As a result, most clinicians use
phonological processes to label the patterns observed in a child's speech production without
regard to theoretical underpinnings. Subsequently, most clinical procedures now use the term
phonological patterns to refer not only to natural phonological processes, but to any patterns
observed in children's productions. Totally discarding the concepts put forth in natural
phonology allows clinicians to label more patterns, but it results in a lack of distinction between
patterns that occur in typical development and those that are atypical or unusual (Edwards,
1992). Determining the presence of typical patterns vs. unusual ones provides information on

intelligibility, severity of disorder, prognosis and appropriate targets for intervention.
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2. Lack of agreement on labels

The same pattern is not described uniformly across process analyses. Fronting, for
example, may refer to velar fronting or to any phone produced more anterior to the target, for
example, producing [p] for [k]. Some terms used to describe processes result in contradictory or

redundant processes within an individual and lead to confusion when analyzing data.

a. Conflicting processes

Fronting and backing, for example, may be reported in the same child. Productions of
[kap] for ‘tap’ and [ri] for ‘key’ may be described as backing and fronting respectively. When
this happens, a key pattern is ignored. A more likely explanation of this example, and a more
helpful one with regard to treatment planning, is that both instances are the result of assimilation,
with front vowels triggering a more anterior production and back vowels triggering the dorsal
stop. Teaching this child to produce more words with /k/ or /t/ without consideration of vowel

context would not be useful.

b. Redundant processes

Stridency deletion refers to the lack of a stridency contrast. Although this label is not
common across all analysis programs, it is often used to refer to any pattern that result in the loss
of a strident phoneme regardless of whether or not the two segments in question contrast in
stridency. Producing ‘sea’ as [ti], for example, may be described as both stridency deletion and
as stopping. The two opposing segments, /s/ and /t/, however, do not contrast in stridency. In
English, the only non-redundant stridency contrasts are /s/ and voiceless /0/ as in ‘sink’ and
‘think’ and the contrast between /z/ and /0/. Ignoring this distinction prevents the understanding
of what a child is doing. To produce ‘sink’ as ‘think”’ is not the same process as producing ‘sink’
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as ‘rink’. Clearly distinguishing among patterns describes a child's system more accurately and

yields more useful information regarding treatment priorities.

3. Lack of understanding of what a child can produce

Process analyses describe each word in a sample and assign processes to that individual
word without looking at the entire sample for commonalities in the actual productions. Velleman
(1998) described the process analysis of a hypothetical child's speech that revealed eight
processes: fronting, backing, initial consonant devoicing, stopping of fricatives, stopping of
liquids, cluster reduction, alveolar consonant harmony and reduplication. One process, alveolar
consonant harmony, described the largest number of errors. There were, however, a number of
errors that did not conform to this pattern. In addition, contradictory processes occurred, such as
fronting and backing. A reanalysis of the data, with attention to the entire sample and using the
most general possible description of the child's productions, revealed that the child's
phonological system contained two singleton consonants, [d] and [n]. Typically, attention is paid
to what a child cannot do in relation to the adult, but not to what a child can do. Understanding
that a child's phonetic inventory is limited to two consonants explains the problem and provides
the information needed to design an efficacious treatment. A process account does not allow for
a description of a system of this type. Recent constraints-based theories show promise for

facilitating more elegant descriptions of highly constrained phonological systems.

Phonological process analysis

Once the speaker’s phonological profile is reviewed in terms of intelligibility and/or
severity and age appropriateness, the clinician reviews the nature and pattern of the error

production to determine the nature of a client’s phonological system. Procedures designed to
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provide a composite of individual productions are sometimes referred to as pattern analysis and
are particularly appropriate for those clients with multiple errors. This type of analysis is based
on the assumption that children’s speech sound errors are not random, but represent systematic
variations from the adult standard. Clinicians compare the child’s productions with the adult
standard, and then categorize individual errors into phonological patterns. Until 1970s and 1980s
clinician used substitutional analysis and organized speech sound errors into patterns. But later
clinician began to emphasize the identification of phonological processes, patterns and rules.
Pattern analysis procedures provide a better description of the child’s phonological system than

does a traditional categorization of errors such as substitutions, distortions and omissions.

In phonological analysis, gather a spontaneous speech sample, transcribe it in the
International Phonetic Alphabet, and attempt to discern patterns of error (processes) in the data.
This is obviously more time consuming than the measures mentioned above, but it is also more
valid because the clinician is examining actual utterances that were generated by the client’s
cognitive linguistic system. The analysis of a spontaneous speech sample is recommended by
Shriberg and Kwiatkowski (1980) in the Natural Process Analysis (NPA). This procedure
specifically targets eight processes for analysis and provides valuable information for the

practitioner and represents a well planned procedure.

Ingram (1981) developed the Procedures for the Phonological Analysis of Children’s
Language (PPACL), which includes a phonetic analysis, homonym analysis, substitution
analysis, and phonological process analysis. Twenty seven specific processes are targeted.
However, Ingram stated that the analysis is “open ended” and can continue “until all the

substitutions in a child’s speech have been explained”.
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Grunwell (1985) developed the Phonological Assessment of Child Speech (PACS),
which provides a description of analysis procedures for a preferably spontaneous connected-
speech sample of more than 200 words. The procedure results in phonetic analysis, contrastive
analysis to determine which phones are used to make meaning differences, and a phonological
process analysis. The Phonological Assessment of Child speech also provides a developmental

framework that is missing in many phonological analysis techniques.

Identification criteria for the phonological processes

v Non- quantitative criteria

There is only one criterion for demonstrating the child’s error as the presence of
processes. The child’s error conforms to the description of it. The error should occur only once,
for an utterance to qualify for inclusion under that processes. For example, if a child omitted /k/
in /make/, the production was listed under the process of Final Consonant Deletion. Other
instances of omission of final /k/ or consonants in a variety of words were not required to list

Final Consonant Deletion as a process in the child’s system.

Test instruments such as ALPHA (Lowe, 1986) rely on normative data to determine if a
process should be targeted for intervention but, other than meeting the pattern of sound change
described by the process description, no quantitative data is used. Thus if a particular sound

change occurs even once, a phonological process is identified.

v" Quantitative criteria

Different researchers gave different quantitative criteria for validating the presence of

processes. More stringent criteria would not identify as many processes, while less stringent
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criteria would identify more. Mc Reynolds and Elbert (1981) suggested two quantitative criteria,
and unlike non quantitative criteria, one occurrence of a sound change does not necessarily
signify the presence of a process. After all, by definition a process is a sound change that affects
a class of sounds. Their suggested criteria are (a) specific errors must have an opportunity to
occur in at least four instances, and (b) the error has to occur in at least 20% of the items that

could be affected by the process.

More stringent criteria is offered by Hodson and Paden (1991), who suggest that a
phonological process must have at least a 40% occurrence before it is selected as a treatment
target. Processes that occur in less than 40% of opportunities would be monitored but not
addressed in therapy. It should be noted that Hodson’s and Paden’s criteria is intended for the
identification of Phonological processes that are in need of remediation rather than for the

classification of specific phonological processes.

Lowe (1996) suggest that the minimal requirements for qualifying a sound change as a
phonological processes are that (a) the process must affect more than one sound from a given

sound class, and (2) the sound change must occur in at least 40% of the time.

Sound change affects classes of sounds rather than individual segments or unrelated
segments because the rules required affecting isolated sounds would involve more features and
thus be more complex. In any case, the smallest grouping possible would have two members that
share some dimension. Given this criteria, the identification of a phonological processes would
require that at least two sounds (having a common dimension) can be changed in a similar

manner.
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Ramadevi (2006) classified phonological processes into three categories based on the
percentage of subjects exhibiting these phonological processes. First category comprised of
phonological processes occurring in 20% or less than 20% of subjects which is considered as
occasionally occurring processes. In the second category, phonological processes occurring in
20%-60% of children were considered as frequently occurring phonological processes and the
third category comprised of more than 60% of children exhibiting phonological processes and is
considered as occurring most of the time. Rahul (2006) and Merin (2010) used similar

quantification of phonological processes in 2.0 - 3.0 and 3.0 - 3.6 years respectively.

Computerized Assessment of Phonological Processes

With computer extending its application in every field, speech language pathologists also
sought to increase the efficiency of their analysis of phonological samples through the assistance
of computer analysis. With varied analysis procedures used rather than the traditional
substitution- distortion- omission analysis of articulation inventories as the primary data base for
making clinical decisions, the amount of time required to analyze phonological samples became
a major practical consideration. Moreover much of the work in phonological analysis is laborious
and repetitive. Major difficulties of keeping track of the data on a host of different worksheets,
tallying up percentages and frequency counts, and cross checking a variety of relationships found
in different portions of the client’s transcript. All these procedures were time taking. In short as
the clinician started analyzing the speech sample for distinctive features and later, phonological
processes, the kinds of things that were being done “by hand” seemed to be tailor-made for

computer analysis.
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The nature of these tasks is ideally suited to computer analysis. The computer can take a
corpus of language and the gloss of each utterance and produce more information than even the
most zealous clinician would even like to know about a child’s phonological system. In some
cases, computer analyses of human behavior are rather superficial, and the programs available

are just in the early stages of development.

However in the case of phonological analysis, the computer programs are detailed and
user friendly. An analysis that might take a clinician’s several hours to accomplish can actually
be completed in less than a few minutes by most programs. The software is compatible with
most popular types of microcomputers available. The programs differ in their scope, ranging
from those designed to analyze the responses from a particular test of phonology to those
focusing on the assessment of spontaneous samples of connected speech (Hodson 1985; Long,
Fey, and Channell 2002; Shriberg 1986). There is no question that computer application offer

the clinician tremendous options for analysis (Louko & Edwards 2001; Masterson 1999).

Ingram and Ingram (2002) advocate using computer- assisted methods for sampling,
transcription and storage. They suggested recording the sample directly onto the computer as
WAVE file so the clinician will have a digital copy of the sample. This allows for ease in
transcription, since there is no need to rewind an audiotape and the sample can be copied to a
CD-ROM for storage and later comparisons. It is also possible to interface this sample with
various speech analysis programs so that waveforms can be analyzed, if this will aid in
interpretation of the sample. One example of such a program is provided by www.sil.org and is
called Speech Analyzer. This program is freeware and can be downloaded for use in analyzing

wave files and subjecting them to spectrographic analysis.
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Masterson and Long (2004) indicated that there are two primary reasons for using a
computer based analysis of a phonological sample: (1) it saves time, and (2) it provides greater
details of analysis than one typically produces with traditional paper and pencil (manual)

analysis procedures.

In order for the computer to analyze a phonological sample, there should be an input to
the system. This input typically involves typing into the computer based on the response of the
client. Once the phonetic transcriptions have been entered, the computer can carry out the types
of analysis prescribed by a given program. Some of the analyses that a computer can perform

(depending on the program) are the following

v Determination of phonological processes that is common to multiple error

productions.
v Determination of distinctive feature error patterns.
v Delineation of substitutions and deletions by word positions

v’ Provision of quantitative data, such as frequency and/or percentage of occurrence.

In English, several such computer based analysis have been developed. The computerized
Articulation and Phonology Evaluation System (CAPES) (Masterson and Bernhardt, 2002) is a
good example of such a system that was developed to elicit and analyze phonological
productions. Some other Computerized phonological analysis programs are Computer Analysis
of Phonological Processes (CAPP) version 1.0 (Hodson, 1985), Computer Profiling (CP) (Long
& Fey, 1988), Logical International Phonetic Programs Version 1.03 (LIPP) (Oller & Delgado,

1990), and Programs to Examine Phonetic and Phonologic Evaluation Records Version 4.0
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(PEPPER) (Shriberg, 1986). Each of these programs has its own strengths and limitations, and

undoubtedly future procedures will add new and helpful procedures for clinicians.

The chief advantage of using a computer to analyze phonological patterns lies in
expected time savings for the analysis, and a potential for obtaining and organizing large
amounts of data in a more systematic fashion. Moreover the accuracy of quantitative data
derived through computer analyzes is more certain. However computer doesn’t “do it all”. As
Stoel, Gammon and Dunn (1985) pointed out, in some instances (particularly in the cases of
assimilation and metathesis processes). Speech sound productions may be incorrectly analyzed
since most computer programs have difficulty with relational analyzes within words.
Furthermore, most computer analysis procedures are not yet sophisticated enough to determine
process ordering. In computer assisted analysis since the input given is usually limited to a

preselected number of phonological rules, the final analysis may be limited indeed.

There are five parameters by which various programs can be evaluated and judged. These

parameters are;

v" Method of data entry
v" Method of data processing
v The options for output analysis
v’ Hardware requirements
v" Documentation and support.
From the consumer’s perspective, these five features largely determine whether a

program is affordable, whether it is practical to use, and whether it analyzes that are clinically

valuable.
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Computer based Phonological Tests

1. Computer Analysis of Phonological Processes Version 1.0 (CAPP; Hodson, 1985)

This test yields data on percentage of occurrence for phonological processes
described by Hodson (1985). CAPP includes a closed set of 50 words for which the user enters
the transcription form produced by the client in a modified IPA format. IPA characters are
included on a standard keyboard are used that are not are entered with alternate symbols. Vowel
characters are not analyzed. The orthographic glosses of each target words are provided. A space
corresponding to each target character is provided and the user enters the client’s transcription
form. The space bar is denoted to indicate deletions. The program does not accept a transcription
form entry until characters corresponding to each of the target characters have been entered. A
transcription form must be entered for all target words. An editing function is available to users
before the analysis is performed. However, once the analysis is completed, users cannot access

the data that were entered.

Data cannot be saved to a disk. Consequently, users cannot enter transcriptions for
part of the words at one time and finish at a later time, nor can data be saved for future

comparisons. The program contains no utility for printing or viewing the entire data file at once.

The program yields the following:

= Percentage of occurrence for 10 target patterns

= Overall average percentage of occurrence of phonological processes
= Phonological deviance score

= Severity interval

= List of target patterns that should be initially targeted as goals in therapy
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No information regarding conventions used in process assignment is included. The
program does not allow the user to view words containing errors classified as an occurrence of a

phonological process.

CAPP runs in any of the Apple Il series computers. The program disk is self booting, so
no additional software is necessary. CAPP is easy to use and data can be entered quickly.
Clinicians with little or no experience with microcomputers should able to use this software. It
takes less than 10 minutes to enter the client’s response to the 50 word items. It uses closed set
and spontaneous speech data cannot be analyzed. No phonetic information, such as consonant
inventory, is provided. Words classified as containing an error are not displayed so users cannot

judge for themselves whether the classification is appropriate.

2. Computerized Profiling (CP; Long & Fey, 1988)

Computerized profiling is a diverse set of programs that can be used to perform
various analyses of speech sample data. Included in the data is a set of modules for doing a
Profile of Phonology (PROPH). PROPH was developed by Crystal and Fletcher (1982) and the
computer program is derived from their manual procedure. The major difference in the
computerized version is the omission of a syllable stress analysis and the replacement of the
distinctive feature analysis by a phonological process analysis based on the descriptions by

Grunwell (1987).

CP runs on different types of microcomputers, and data entry varies according to
the version of the program. In the MS-DOS (IBM- compatible) and ProDOS (Apple |1 series)
versions, a transliterated version of the IPA is used. Phonetic symbols that are identical with

English letters or standard keyboard symbols are entered by pressing the appropriate key. For
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each item to be analyzed, the program requires three forms to be entered: the gloss, the target
form, and the transcription form produced by the client. To simplify the task of data entry for
articulation tests, gloss and target forms may be stored in disk files and then retrieved for each
client. Thus the user needs to enter only the transcription form. To simplify entry of connected

speech data, the program includes a modifiable phonetic dictionary.

CP offers nine options for its analysis of the data:

= Listing of gloss, target, and transcription forms.
=  Word shape analysis
= Classification of correct vowel productions and vowel changes

= Classification of consonant productions as correct, substituted, or omitted, and

organized by sound- position and manner
= Percentage consonants correct
= Phonetic inventory, organized by sound- position and manner class

= Phonological process analysis, organized by sound- position and developmental

order
= Alphabetized word listing
= Printing of a diacritics key.

The user may select any or all of these options to be included in a profile report. The
simplified procedures for data entry make the program very accessible to beginning clinicians
and save time for all users. CP also includes modules for semantic, syntactic, pragmatic, and
prosodic analyses. The users need to only enter a sample once to obtain results regarding not
only phonology but also other linguistic skills. All output from the program is automatically
saved in the text files, which may be viewed on the screen, printed, or loaded into other

applications such as word processor.
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3. Logical International Phonetic Programs - Version 1.03 (LIPP; Oller & Delgado, 1990)

LIPP is highly innovative and flexible approach to computerized phonological analysis.
Unlike other software developed for this purpose, nearly every feature of LIPP- the phonetic
alphabet it uses, the arrangements of the symbols on the keyboard, the number and type of

analyses it performs- can be modified by the user.

Data can be entered on three lines representing the gloss, target and transcription forms,
respectively. LIPP is well designed for the analysis of both articulation test and connected speech
data. A template file containing the gloss and target forms from ay test can be created and stored.
To enter a client’s data, this file is retrieved, the transcription forms are entered, and the file is
saved under a different name. To simplify the analysis of connected speech, LIPP contains a
modifiable phonetic dictionary. LIPP has a very sophisticated scheme for representing phonetic
values. Every symbol in a phonetic alphabet is assigned a value for 16 different phonetic
parameters. This allows the user to define individual sounds, diacritics, and sound classes in
terms of unique parameter configurations. LIPP provides two types of analysis: (1) an inventory
analyses, which compares the corresponding segments on the target and transcription lines; and
(2) rule driven analyses, which are flexible and may be used to count sounds, calculate
percentage of correctness, evaluate structural characteristics of the sample, perform phonological

process analysis, and many other tasks.

LIPP is sold in three packages: The low- end version (Thin LIPP) includes only
the modules for creating transcription data files; the middle version (Lower LIPP) adds a set of
rule- statement files along with the modules needed to execute the analysis.; and the complete

version (Upper LIPP) adds the modules that allow users to modify symbols and alphabets and to
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write their own rule statement files. All versions of LIPP require an IBM- compatible computer

with 640K of RAM, a hard disk, and an EGA or VGA graphics monitor.

LIPP is an expensive product but a unique program. It is unique because of the amount of
flexibility it offers to the users. LIPP is extremely well designed to take advantage of menus and
word processing editing features; it remains an elaborate program and takes time to master.
Moreover, LIPP assumes that the user is well versed in phonetic symbology and phonological

theory and terminology.

4. Process Analyses -Version 2.0 (PAC; Weiner, 1986)

Process Analysis (PAC) analyses phonetic responses to a closed set of 59
monosyllabic words. The program yields a phonetic inventory of initial and final sounds and a
frequency count of several phonological processes. Words elicited via formal tests or during
conversational speech cannot be analysed by PAC. The program user is shown the gloss form of
each word and then must enter a transcription of the client’s production. Vowels are not
considered in the analysis. The number of consonants in the transcription form must equal the
number included in the target. If the user attempts to enter more or fewer consonants that are
included in the target word, the computer will beep and display a reminder message to enter the
response correctly. Consonants entered appear as IPA symbols on the screen. The user must

become familiar with how phonetic symbols are entered via the keyboard.

Output includes phonetic inventories with frequency counts for each initial and final
sound that appears in a transcription form. The number of possible occurrences and
corresponding percentages are provided for approximately 15 phonological processes including

deletion of initial or final consonants, stopping, fronting, assimilation, cluster simplification, and

37



gliding of liquids. The program does not list the words in which specific phones or phonological
processes were found. Analysis results can be viewed on the screen and/ or printed. PAC does
not allow the results of an analysis to be saved to a disk. However, the analyses performed are

completed rapidly, so little time is lost in repeating the analysis of a previously saved file.

PAC’s primary weakness is its inability to handle words elicited spontaneously or via
formal tests. The stimulus set included monosyllabic words only, so word-medial consonant
production is not considered. Further, the use of only simple phonological structures prohibits
the exploration of the influence of increased phonological complexity on the occurrence of errors
or the contents of phonetic inventories. The assignment of error to only one process precludes

identification of any processes that may be operating simultaneously.

5. Pye Analysis of Language Version 2.0 (PAL; Pye, 1987)

It is a set of programs for carrying out linguistic analysis of transcript data. The PHONIX
program, in particular, is intended to facilitate a number of phonological analysis procedures

recommended by Ingram (1981).

Analysis of a sample occurs in five steps. First, a transcript is created and saved in text
(ASCII) format. This file is then input to the FORMIX module of PAL and checked for format
errors. If errors are found, they must be edited with a word processor. Otherwise, the third step is
to input the file to the PHONIX module of PAL and create a phonological lexican file. This
lexicon lists all the word types that occurred in the sample along with their phonetic tokens. The
file, in the form of a report, must then be edited with a word processor so that it contains only the
data that user wishes to analyze. The fourth step is to run this edited file through a phonetic

dictionary, which automatically finds the target form for each of the words in the sample. For
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words not contained in the dictionary, the user must add the target form to the file with a word
processor. Finally, the file containing the lexical, target, and production forms is submitted for

phonological analysis by the program.

PAL’s phonological analysis consists of a phonetic inventory and a substitution analysis.
Both analysis display initial consonants, vowels, and final consonants separately. Word- medial
consonants are not analyzed. The phonetic inventory does not yield a count for each sound but
rather lists all the production forms in which the sound occurred. The program does calculate the
number of phonetic types occurring for each sound class (vowel, consonant) and position (initial,

final). Clusters are analyzed in terms of the individual segments they contain.

PAL may be viewed as a program that can provide assistance to a clinician doing a
phonological analysis by hand. Unlike other programs, PAL is not designed to yield a finished
phonological analysis. Instead, it helps the user with several of the most time consuming and
tedious tasks of organizing a data set, alphabetizing the word list, finding and listing all
productions of the same word, organizing and listing all the sounds contained in the transcription

forms, and so on.

The strengths of PAL includes (a) It is able to analyze any set of words, including
connected speech data; (b) it analyzes vowels; (c) it is extremely fast; and (d) it handles very

large data sets.
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6. Programs to Examine Phonetic and Phonologic Evaluation Records - Version 4.0

(PEPPER; Shriberg, 1986)

It is a comprehensive approach to the analysis and interpretation of phonological data.

The software provides information about an individual’s phonetic abilities and the phonological

simplifications used. Three lines of data are entered: (1) the orthographic gloss form, (2) the

phonetic target form, (3) the phonetic transcription form produced by the subjects. Entry lines

can accommodate either single words or connected speech. PEPPER employs a graphics mode

which allows data for the target and transcription lines to be entered in IPA symbols. Diacritics

also are allowed, as are several other useful symbols to represent segments as on- or off glides,

unintelligible, and so on, or to indicate suprasegmentals.

The software yields the following:

Structural statistics, which include the syllabic structures intended and obtained,

average words per utterance, and type token percentages.

Artic tests, which provide percentage of occurrence for correct use, deletion,
substitution, and distortion for each individual consonant and for vowel and for
each class, place, manner, and voicing classification of consonants and vowels;
and an item analysis that lists each target word along with the correct, omitted,

substituted, or distorted phonemes it contains
Percentage consonants correct figures for various data sets

Phonetic inventories for word-initial and —final phonesPhonological process
analysis, which includes percentage of occurrence of each of the eight natural
phonological processes described in Shriberg and Kwiatkowski (1980), a listing
of words by vowels and canonical form, and phonological processes occurring in

each word.
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In addition to the output provided by the software, the PEPPER manual contains several
tables that are beneficial in interpretation of results. The documentation contains explicit

definitions that are used by the software to classify errors as phonological processes.

7. The Computerized Articulation and Phonology Evaluation System (CAPES; Masterson

& Bernhardt, 2001)

As the name implies; a computer program analyses the phonological data. The stimuli are
photographs of 46 words with various word lengths, structures and stress patterns in the single-
word tasks that are displayed on the computer screen. Words from other articulation tests and
words from a connected speech sample can also be analyzed using the CAPES. The testee names
the items, the computer audio records the responses (which can be played back later), and the
clinician transcribes the client’s words directly into the computer during the test. The results of
the profile are used by the computer program to display 10 to 115 additional words for the
Individualized Phonological Evaluation, which is a deeper analysis: the words selected are based
on the client’s performance on the 46 - word profile. The CAPES also provide video clips that
can be used to elicit narratives. Transcription of the responses incorporates the English IPA and
the stress markers. On the computer screen, the tester chooses among predicted word productions
or transcribes the client’s productions using the IPA. The types of analysis that can be done are
quite extensive and include independent and relational analysis. Word length, word shape and
consonant and vowel productions (segment by segment, phonetic features, nonlinear features,
and phonological processes) can be analyzed. The analysis can be performed with a dialect filter
for African American English for Spanish influenced English. The computer program generates

reports that can be edited and provides treatment recommendations.
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8. The Hodson Computerized Analysis of Phonological Patterns (HCAPP; Hodson, 2003)

It is a computer software program that was developed to analyze the major phonological
deviations appearing on the HAPP-3. HCAPP, “user friendly” method, was designed for
preschool and school-age children with highly unintelligible speech. This simple program
compares the client’s phoneme by phoneme productions to the adult standard production. The
program works on IBM- compatible and Macintosh computers. The computer analysis yields the
percentage of occurrence of each of the 11 major phonological deviations described by Hodson
(2004), including the severity rating of the client’s phonological system and a goal statement
specifying potential target patterns. Analysis by the HCAPP is considerably faster than analysis
by hand of the HAPP-3, but the computer program does not identify substitutions and other

strategy patterns.

Phonetic symbols representing the child’s productions of 50 words can be entered into
the computer in approximately 5 minutes [depending on one’s typing skills and the individual
client’s level of severity]. The utterances are analyzed for phonological deviations as soon as the
“Results” key is “clicked.” Client data can be stored on the hard drive [or on a floppy or CD or

flash drive] for future retrieval.

In addition, the printout provides the following:

= Percentage-of-Occurrence scores for Major Phonological Deviations,

= Severity Rating specification [Mild, Moderate, Severe, Profound] for the child’s

phonological system,

= Goal Statement specifying potential optimal Target Patterns for a highly

unintelligible client.
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Computerized tests for phonological analysis in the Indian context

In India, attempts made to computerize the assessment of phonological processes were in
a base line until the recent past. Ramadevi (2006) developed a phonological profile which used
computer for stimulus presentation. Another attempt was made by Merin (2010) for the
computerized analysis of phonological processes in Malayalam. The descriptions of these tests

are as follows.

1. Phonological profile in Kannada: A study on Hearing Impaired (Ramadevi, 2006)

Ramadevi (2006) developed a computerized module for the presentation of the stimuli in
the administration of Phonological profile in Kannada for Phonological assessment in children

with hearing impairment.

The assessment tool used Microsoft power point to develop computerized presentation of
stimuli. A compact disk contained the assessment tool, which is developed in Kannada language
for phonological assessment. When the CD is fed into a computer and played, three icons namely
Taskl, Task 2 and Task 3 appear on the monitor. When the task 1 is clicked and the slide show
and view show is selected, 92 pictures appear on the monitor, one at a time by using the enter
button. The subject is asked to name the picture shown. The responses are manually transcribed
using a broad transcription. When the correct response is obtained for the picture, we can move
to second picture by pressing the “Enter” button thrice. If the correct response is not obtained for
the picture, “Enter” button is pressed once, and then the written word is displayed. The response
obtained can be recorded. Repetition task can also be employed, then, written word display may

be ignored. This form of presentation have many advantages a) the children will be cooperative
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for testing as it is very interesting and appealing b) it is less time consuming c) less effort

involved on the part of the examiner.

2. Computer based Assessment of Phonological Processes in Malayalam (CAPP-M; Merin,

2010)

CAPP-M is a user friendly software developed using Malayalam Articulation Test
(MAT; Maya, 1990), which was administered on Malayalam speaking children, in the age range
of 3-3.6 years. A total of 20 picture stimuli are included in this tool. The clinician listens to the
individual child’s utterance and clicks on the correct production or any of the three possible
patterns of that word or the option “any other” indicating an idiosyncratic process. The software
assesses 8 most commonly occurring phonological processes i.e., cluster reduction, epenthesis,
affrication, stopping, palatalization, fronting, metathesis and de-affrication. After the
administration of the complete test, the clinician clicks on “report” to obtain a summary of the
processes exhibited by the child along with its frequency in descending order. The test yields the

following;

v The common phonological processes in each child’s utterance
v' The frequency of their occurrence

v The order in which phonological processes are prevalent

CAPP-M is a quick screening tool, where the phonological processes can be identified in 5 to 8
minutes. The tedious task of identification of phonological processes manually is overcome with
the development of this tool. However CAPP-M identifies only 8 phonological processes and

considers only three different patterns of production of the children which are limitations of this
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tool. The output obtained cannot be saved for later purpose and an option selected once cannot

be changed once clicked. The entire test has to be repeated if such a situation arises.

To conclude, in this era of computer technology, computer analysis of phonological
processes has made test administration less effortful, uncomplicated and a big leap in achieving
the goal in a short time. Thus, such tools will reduce the laborious and repetitive manual work
involved in traditional phonological analysis and will be an important milestone in the field of

computer based assessment of phonological processes.
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METHOD

The present study intended to obtain the phonological processes prevalent in the age
range of 2.0-3.0 years in Malayalam and based on the results obtained, to develop user friendly
software which automatically estimates the phonological processes prevalent in the child’s

language system in this age range. The study was conducted in 3 phases.

Phase I: To obtain the normative data on the phonological processes prevalent in the age range

of 2.0-3.0 years

Phase Il: To develop the computerized tool which aids in the assessment of phonological

processes based on the normative data collected in phase 1

Phase I11: To evaluate the sensitivity of the tool developed in children with hearing impairment

and children with mental retardation

Phase I: To obtain norms

Participants: A total of 120 subjects were enrolled in the study. The age range considered for
the study was 2.0 - 3.0 years. Out of the 120 subjects, 60 participants each were considered in
2.0-2.6 years and 2.6 to 3.0 years respectively. All the subjects had Malayalam as their native
language and were selected from different localities of Alappuzha, a southern district in the state
of Kerala. All the participants enrolled in the study were subjected to an informal screening and

the inclusion criteria were;

v Native speakers of Malayalam, belonging to middle socio economic status.

v" Normal speech, language and hearing development

46



v No known reports of difficulties in behavioral and /or intellectual functioning

v No known reports of any neurological illness or trauma

Test material: All the subjects are tested with the Malayalam Diagnostic Articulation Test
(Maya, 1990). Malayalam articulation test contains 86 test words where in 14 words assess
vowels and 72 test words assess consonants. These words are depicted in familiar pictures of
convenient size, which are unambiguous and elicit only a single response. All consonants are
tested in initial and medial positions of words. The items of the articulation test are arranged
based on the age at which each phoneme is acquired (ie in the order of difficulty). All the
subjects are tested with 72 test words which intended to test the consonants with the presumption
that vowels will be achieved by 2 — 3 years of age. Divya (2010) studied articulatory acquisition
in 2.0 - 3.0 years Malayalam speaking children and found 90% of acquisition for the vowels /a/,

la:l, lil, [i:l, Icl, Ic:/, lol and /o:/ by 2.3 years.

The picture stimuli of the 72 test words were recorded in Microsoft Power Point on a
laptop computer, for better appeal and attraction for the children. Care was taken to depict the
target words in colorful pictures of convenient size which were unambiguous and elicited only a

single response.

Procedure: The clinician established rapport with each child before the administration of the
Malayalam Articulation Test (Maya, 1990). The participant was seated on one side of the
examiner in a quiet room. The stimulus picture was presented through Microsoft Power Point
mode using a laptop (Dell- Vostro 1400) computer. The responses obtained were audio recorded
using a multimedia microphone. If any of the subjects failed to identify a target word, additional

cues were presented by the examiner. In spite of the additional cues, if the child failed to name
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the target picture, ‘repeat after the examiner mode’ was used for elicitation. In this way,
approximately the test procedure was carried out in a time span of 20-30 minutes for each

subject. The test procedure involved the following steps:

1. Transcription: The researcher listened to the recorded speech sample of all the 120 subjects
one by one. These speech samples were transcribed using broad and narrow transcription (IPA,

2005).

2. ldentification of the Phonological Processes: The phonological process was identified by
analyzing the whole target word sound by sound and not just the target phoneme in the word.

Based on the sound changes in the word, the phonological processes operating were identified.

3. Calculating the percentage of subjects using the processes: As we know, calculating the
percentage of occurrence of each process is tedious since determining total opportunities for
occurrence of a particular process is very difficult. Also it is inappropriate to derive percentages
for phonological processes that have only a few opportunities for occurrence. For example, there
are only two affricates in Malayalam, and then most speech samples would have limited
opportunities for de-affrication to occur. According Hodson and Paden (1991), deriving
percentages for phonological processes that have fewer than 10 opportunities for occurrence may
yield rather skewed results which may give a false impression regarding the importance of the
percentage score. Hence in the present study the percentage of children using a particular process
was calculated instead of the percentage of occurrence of each process. The percentage of

children using a process was calculated by the formula;

Percentage of children using a process = Number of children using a process x 100

Total number of children tested

48



4. Statistical Analysis: Manual statistical procedure was employed to obtain significant

difference across gender and age.

Phase Il - Development of the Assessment Software

Preparation of the software involved the following steps.

1. Ordering the target words produced incorrectly: The number of subjects producing each
test word erroneously was estimated. Then the erroneous words were ordered from the most
errored word to the least erroneously produced word. For example, the word /doktoR/ was
produced incorrectly by all the 60 subjects in both the age groups. The word /sImhom/ was
erroneously produced by 59 out of 60 subjects. Hence while ordering; the target word /doktar/

was followed by the target word /sImham and so on.

2. Selection of words for the software: Out of the 72 test words administered, children errored
on 62 words in the 2.0-2.6 year age range and on 55 target words in the 2.6 - 3.0 years age group.
From the descending ordered list of 62 and 55 erroneous words in the two age groups, the words
that were produced erroneously by more than 40% of the children in each age group were
selected for inclusion in the assessment software. 40% criteria were suggested by Hodson and
Paden (1991). In the younger group, 35 words and in the older group 25 words were errored by
more than 40% of the children tested. Hence 35 words in the age range of 2.0-2.6 years and 25
test words in 2.6-3.0 years range were included in the assessment tool. The details of the list of

the erroneous words are provided in the results section.

3. Selection of the possible utterances of each target word: For the 35 words from the 2.0 —
2.6 years group and 25 words from the 2.6 — 3.0 years age range selected for inclusion in the
software, four different utterances of the same target word obtained from the sample were
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identified. For this, all the possible productions of the subjects for a particular target word were
noted down along with the number of subjects using that particular pattern of production. Among
the different possible productions, three patterns which outnumbered the other patterns were

selected. For example, for the word /noksatRam/ in the age range 2.0 - 2.6 years, the different

productions by the subjects were as follows:

TARGET 1 2 3 4 5 6 7 8 9
WORD

10

natatoRam natatRom

noksatRom | notfatoram | notfotoRom | notfotam | natfotRom | nafatoRom nafatoram | notfom

(10) 18) (14) ) @ ®) ® ® @

nafotom

@

(Numbers in the bracket indicate the number of subjects producing that particular pattern)

So from the different patterns of productions seen, the four most common patterns used by the
children, i.e., /natfatoRam/, /natfotom/, /not atorom/ and /notatoRom/ were selected. The various
patterns obtained for each target word are listed in the results section. So the most erroneous
words (35 words in 2 - 2.6 years and 25 in 2.6 - 3.0 years) along with its 4 most commonly
occurring patterns were selected for the software making. This is based on the presumption that

most children in these age groups will be producing such patterns of phonological processes.

4. Collaboration with software professionals: Once the words along with their most possible
commonly occurring patterns were selected, this material was provided to a software
professional in Bangalore (ENFIN Technologies India Pvt Ltd), for the preparation of the

analysis software, which was the main objective of the present study.
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Phase 111 - Sensitivity Evaluation of the assessment tool

Verification of sensitivity on a pilot basis: The developed assessment software was
administered on 10 children with hearing impairment and 10 children with mental retardation
each in 2 — 2.6 and 2.6 — 3 years age range for carrying out the sensitivity evaluation of the tool
developed. Hence sensitivity evaluation involved a total number of 40 children with

communication impairment.

Selection of participants: Initially the examiner obtained a list of children with mental
retardation and hearing impairment who were attending speech and language therapy or special
schools. Once the list was made, examiner administered Receptive Expressive Emergent
Language Scales (REELS; Bzoch & League, 1991) on each child selected to assess their
language age. The children whose language age was between 2.0 — 2.6 and 2.6 — 3.0 years were
shortlisted. From these groups, 10 children with Hearing impairment and 10 children with mental
retardation each in the age range of 2.0 -2.6 and 2.6 — 3.0 years were selected for the sensitivity
evaluation of the developed tool. Hence the tool was administered on 20 children with hearing

impairment and 20 children with mental retardation for sensitivity evaluation.

Administration of CAPP-M: CAPP-M was administered to all the 40 participants and their
pattern of productions for the target words were noted down. Later the examiner counted the
number of productions of each child tested that matched with the pattern of productions provided
in the software. Further the percentage of correlation between the production of the individual
child and the patterns in the tool were calculated for each subject in the two groups. Also a mean

percentage of correlation was obtained for each group separately.
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RESULTS AND DISCUSSION

The aim of the study was to develop an indigenous software to identify the phonological
processes prevalent in Malayalam speaking children in the age range of 2.0-3.6 years. In the
present study age group of 2 — 3 years was considered for the software making. However a
similar tool developed by Merin (2010) for the age range of 3-3.6 years was appended to the tool
developed in the current study. For this purpose the present study was conducted in 3 phases.
Phase | intended to obtain the phonological processes present in children in the age range of 2.0 -
3.0 years. The making of the software was done in Phase Il. Phase Il also included appending the
existing tool (Merin, 2012) to the one developed in this study. In Phase 11, the sensitivity of the
developed tool was assessed in children with mental retardation and in children with hearing

impairment.

Results of Phase |

Out of the 71 test words administered in both the age groups, children errored on 62 words in 2.0
- 2.6 years and 55 test words in the 2.6 - 3.0 years group. On sound by sound analysis, a total of
29 phonological processes were prevalent in the lower age group and 24 phonological processes
in the higher age group. The distributions of phonological processes in both the age groups are

shown in Table 6 (a), (b), (c) and (d).
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SuB D PDv | MSD
C IC Pr 1

No. CR | Csi | Epn su | Aff | Daff | Stp | PF | VF | RF | D MCD FCD | Nasm PL | LAT | v BAK | Ger | MT | Dasp | GLD Drot | Dlat | NF | FVD | S

M1 15 1 5 3 4 2 1 2 5 1 4 1 1 1

M2 10 1 2 6 2 4 3 5 2 1 1 1 1 1 1 1 1 101 1
/dz/

M3 8 5 1 2 1 1 6 3 2 4 2 1 1 1

M4 11 1 3 3 4 6 2 1 1 1

M5 8 2 3 2 6 3 1 2 1

M6 13 3 1 1 2 9 1 4 2 1 1 1 1

M7 13 1 2 1 1 6 1 3 1 1

M8 11 5 1 5 8 1 5 1 1

M9 9 3 4 1 1 3 8 2 4 2 1 1 2 1 1

M10 7 3 2 1 4

M11 12 2 2 2 3 5 1 2 2 1 2

M12 10 1 3 1 7 3 6 5 2|1 1 1 1

M11 9 5 1 1 3 1 3 1

M14 15 1 1 2 4 8 2 6 1 1 2

M15 12 3 2 4 5 6 1 2 2 1 1

M16 13 1 1 1 5 7 2 4 4 2 1 1 3 1

M17 8 5 2 2 4 1 1

M18 10 1 5 4 2 3 1 5 1 1 1 1 1
Irl

M19 8 5 1 4 2 2 1 2 6 5 4 1 1 1

M20 11 4 1 2 4 7 1 2 1 1 1
IR/ 1

M21 11 1 3 1 5 1 1 4 1 2 1 1 1 1

M22 19 2 3 1 8 1 1 4 4 6 1 1

M23 10 3 1 1 2 7 2 1 1 1 1
/dz/ 1

M24 13 2 1 2 2 7 4 4 1 1 1 1 1 1 1

M25 11 5 1 5 1 3 2 2 1 1 1 1 1

M26 13 1 1 5 3 1 2 5 2 2 1

M27 8 5 3 4 3 1 6 1

M28 10 5 1 1 3 5 1 6 2 2 1 1 1 1 1

M29 12 4 1 5 2 5 2 5 5 1 1 1 1 1 1 111

M30 11 5 1 8 2 1 5 1 1 1 1

Table 6a: Distribution of phonological processes in male subjects in the age range of 2.0 - 2.6 years.
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Table 6b: Distribution of phonological processes in female subjects in the age range of 2- 2.6 years
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C

CR | Csi | Epn | su | Aff | Daff | Stp | PF | VF | RF | ICD | MCD | FCD | Nasm | PL | LAT | BAK | Gcr | Dasp | GLD | Drot | Dlat | NF | DIS
M1 9 2 1 2 2 1 1 1
M2 11 4 1 4 7 2 6 1 3 1 1
M3 10 1 1 1 4 3 3 1 1 3 2 1 1
M4 10 6 1 6 2 4 2 2 1 1 1 3 4
M5 9 5 4 3 5 1 1
M6 1 5 1 2 1 1 3 1 2 1 1 1
M7 10 4 1 4 4 4 1 1
M8 15 1 2 3 3 1 6 1 2 1 1 1
M9 10 5 1 9 1 3 1
M10 14 1 1 6 1 2 2 1 2 1 1 1 2 1
M11 10 1 3 3 5 1 1
M12 12 1 7 4 2 4 2 3 1 1 Irl1
M13 12 1 1 1 4 9 2 1 2 1 1 1 1 3
M14 9 3 3 1 6 5 1 1 2 1 2 1 1 /RI'1
M15 7 3 2 1 3 1 2 1
M16 12 2 6 1 2 4 1 1 IRIIL
M17 10 3 1 2 1 3 1 1 1
M18 8 2 4 1 7 1 3 1
M19 9 3 3 6 3 1 1 Irl'1
M20 8 6 1 8 1 2 1
M21 11 1 4 5 1 4 1 1 1
M22 10 5 1 7 4 1 3
M23 11 4 7 2 1 5 1 1 1
M24 10 3 7 1 2
M25 15 4 1 7 5 2 1 1 1 2
M26 12 4 1 5 2 4 2 5 2
M27 13 2 3 6 2 5 1 1 1
M28 9 6 1 9 4 1
M29 14 2 1 1 6 6 1 2
M30 10 2 1 4 1 1 2 4 1 1

Table 6c¢: Distribution of Phonological Process in Male subjects in the age range of 2.6 - 3.0 years.
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C L B Dasp D

CR | Csi | Epn | su | Aff | Daff | Stp | PF | VF | RF | ICD | MCD | FCD | Nasm | PL | AT | Prv | AK | Ger | MT GLD | rot | Dlat | NF | DIS
F1 8 1 5 1 11 3 1 1
F2 9 1 3 1 2 2 1 Irl1
F3 9 4 2 1 3 2 1 1
F4 7 3 1 1 1 3 1
F5 13 2 1 5 4 6 4 2 3 1 2 1 1 2
F6 9 4 1 1 3 1 1
F7 8 2 1 3 9 1 1 1 1
F8 10 3 1 1 2 1 1 2 1 1 2 1 ncha 1
zF9 10 4 2 1 1 1 1
F10 8 2 1 2
F11 9 6 2 3 2 5 3 1 1 1 2 /dz/l 1
F12 15 1 1 1 2 3 1 1 Irl1
F13 4 1 1 1 1 1
F14 13 2 4 1 1
F15 12 1 3 1 4 3 4 4 3 1 1 1
F16 10 1 5 5 5 2 4 3 3 1 1 1 /dz/ 1
F17 9 6 1 1 2 3 1 4 /dz/ 1
F18 9 3 1 1 1 1 1 2
F19 10 5 1 7 4 1 1 4 3 1 4 /dz /1
F20 5 2 1 3 3 1
F21 8 6 1 4 1 2
F22 10 2 3 1 6 5 4 1 7 1
F23 8 5 1 1 2 2 2
F24 10 4 4 3 1 5 1 1
F25 6 3 3 5 2 2
F26 10 5 1 6 1 3 3 2 1 1
F27 9 5 1 2 3 1
F28 8 6 1 1 5 2 1 1 /dz/ 1
F29 8 2 1 2 2 1 2 1
F30 6 2 1 1 3

Table 6d: Distribution of Phonological Process in Female subjects in the age range of 2.6 - 3.0 years.
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Abbreviations used are;

Sl Phonological Sl Phonological Sl Phonological

no processes no processes no processes

1 CR | Cluster reduction 11 ICD | Initial consonant | 21 Dasp | Deaspiration
deletion

2 Csi | Cluster 12 MCD | Medial consonant | 22 | GLD 1 Gliding

simplification deletion

3 Epn | Epenthesis 13 FCD | Final consonant | 23 Drot | Derhotarization
deletion

4 C Cluster substitution | 14 Nasm | Nasal assimilation 24 Dlat | Delateralization

Su

5 Aff | Affrication 15 PL Palatalization 25 NF Nasal fronting

6 Daff | Deaffrication 16 LAT | Lateralization 26 FVD | Final vowel deletion

7 Stp | Stopping 17 Prv Prevocalic voicing 27 DIS | Distortion

8 PF Palatal fronting 18 BAK | Backing 28 PDV ! Postvocalic devoicing

9 VF | Velar fronting 19 Ger Geminate cluster | 29 MSD | Medial consonant
reduction deletion

10 RF Retroflex fronting 20 MT Metathesis

In this study the percentage of the subjects using a particular phonological process was

calculated and not the number of occurrences of each process. Number and percentage of

subjects exhibiting different phonological processes in the age range of 2.0 - 2.6 years and 2.0-

3.0 years are provided in Table 7 (a) and (b).
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Sl.no Phonological processes No. of subjects exhibiting the process Percentage of subjects exhibiting the
process
Males Females Males Females

1 Cluster Reduction 30 30 100 100
2 Cluster Simplification 12 2 40 7

3 Epenthesis/cluster simplification 26 26 87 87
4 Cluster Substitution 21 14 70 47
5 Affrication 27 26 90 87
6 Deaffrication 20 21 67 70
7 Stopping 28 26 93 87
8 Palatal Fronting 19 11 63 37
9 Velar fronting 7 5 23 17
10 | Retroflex fronting 28 30 93 100
11 Nasal fronting 3 B 10 -

12 Initial Consonant deletion 2 3 7 10
13 Medial consonant deletion 23 24 7 80
14 Final Consonant Deletion 7 13 23 43
15 | Nasal Assimilation 3 4 10 13
16 Palatalization 15 14 50 47
17 Lateralization 13 16 43 53
18 | Prevocalic Devoicing 1 - 3 -

19 Prevocalic voicing 3 1 10 3

20 | Backing 7 2 23 7

21 | Geminate cluster Reduction 11 10 37 33
22 Metathesis 1 1 3 3

23 Deaspiration 17 13 57 47
24 | Gliding 4 8 13 23
25 Derhotarization 10 10 33 33
26 Delateralization 4 3 13 10
27 Distortions 5 6 17 20
28 Medial syllable deletions 15 14 50 47
29 Final vowel deletion 2 - 7 -

Table 7 (a): Number and percentage of subjects exhibiting different phonological
processes in the age range of 2-2.6 years in both males and females.
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Sl.no Phonological processes No. of subjects exhibiting the process | Percentage of subjects exhibiting the process
Males Females Males Females

1 Cluster Reduction 30 30 100 100
2 Cluster Simplification 8 4 27 13
3 | Epenthesis/cluster simplification 26 27 87 90
4 Cluster Substitution 15 24 50 80
5 Affrication 29 18 97 60
6 Deaffrication 11 13 37 43
7 Stopping 27 21 90 70
8 Palatal Fronting 7 5 23 17
9 Velar fronting 1 4 3 13
10 Retroflex fronting 28 24 93 80
11 Nasal fronting 1 1 3 3

12 Initial Consonant deletion 4 2 13 7

13 Medial consonant deletion 20 10 67 33
14 Final Consonant Deletion 11 - 37 -

15 Nasal Assimilation 1 1 3 3

16 Palatalization 14 21 47 70
17 Lateralization 8 6 27 20
18 Backing 3 2 10 7

19 Geminate cluster Reduction 13 12 37 40
20 Deaspiration 9 5 30 17
21 Gliding 3 4 10 13
22 Derhotarization 8 8 27 27
23 Delateralization 4 2 14 7

24 Distortions 4 8 14 27

Table 7 (b): Number and percentage of subjects exhibiting different phonological
processes in the age range of 2.6 - 3.0 years in both males and females.
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The phonological processes identified in 2.0-3.0 years as shown in Tables 7 (a) and (b) in the

present study are described below.

1. Cluster reduction: Cluster reduction may be defined as the deletion or substitution of
some or all members of a cluster. That is cluster is reduced to one member of the
consonant cluster. Cluster reduction is present in all the 120 subjects tested in both the
age ranges. The results show that clusters are difficult to produce which requires more
matured motor and articulatory sequencing which is not achieved even at the age of 3
years. The occurrence of cluster reduction in this study is in consonance with Sameer
(1998) and Merin and Sreedevi (2010) who reported that the mastery of clusters

continue even after 3 years of age.

Eg; /noksofRom/ — > /notfotpm/

2. Cluster simplification: Cluster simplification occurred in 40% of the male children and
7% of female children in 2.0 - 2.6 years and in 27% of males and 13 % of the females in
2.6 — 3 year old children respectively. This result is supported by Huttenlocher, Haight,
Bryk, Seltzer, and Lyons who reported faster maturation in language capacities in girls
than boys. Clusters are the most difficult to achieve and in the process of achieving,
children tend to reduce the clusters first, and then try to produce the clusters in a more

simplified manner. Cluster simplification is the result of such an attempt.

Eg; tfokRom/—— /tfokorom/
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3. Epenthesis: Epenthesis can be characterized by the insertion of an unstressed vowel,
usually the schwa /o/ between two consonants. Epenthesis is 87% each in both males
and females in the age range of 2.0 - 2.6 years and 87% in males and 90% in females in
2.6 - 3.0 years respectively. Stoel- Gammon and Dunn (1985) have considered
epenthesis as a process that persists even after 3 years of age. Epenthesis was observed
in 3.0-3.6 years children in high frequency (Merin & Sreedevi, 2010) which reflect the
fact that children simplify the complex production by the insertion of vowel between
them.

Eg; /pafRom/— /[ patpRom/

4. Cluster substitution: Cluster substitution is the substitution of one or all members of a
cluster by another sound. Cluster substitution tends to follow a general developmental
pattern, in that the sound that is more difficult to produce or later developing is typically
the one substituted. Cluster substitution is prevalent in 70% of males and 47% of
females in 2.0 - 2.6 years age group and in 80% of males and 50% of females in 2.6 - 3.0
years age group respectively. This result is supported by Huttenlocher et al (1991), who
reported faster maturation in language capacities in girls than boys. Substituting one or
all members of a cluster by another sound suggest that the child is attempting to
producing the cluster, but because of the child’s incapability more easy sounds are
substituted instead.

Eg; /simhom/ ——» /sImgom/
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5. Affrication: Out of 30 males and 30 females tested in each age group (2.0 - 2.6 and 2.6
- 3.0), affrication was present in 27 male subjects (90%) and 26 female subjects (87%)
in the 2.0 - 2.6 years age range and in 29 males (97%) and 19 females (60%) in the 2.6 -
3.0 years age range. In affrication, a non affricate becomes an affricate. Usually a stop
component is added to a continuant consonant, most commonly a fricative. The
acquisition of fricatives occurs late after 3 years of age (Templin, 1957; Wellman, Case,
Mengert and Bradbury, 1931) is reported in literature. The child is in the period of

learning fricatives and hence the more easier affrication are seen in most of them.
Eg; /boso/——»  /botfo/

6. Deaffrication: Deaffrication is the process of replacing an affricate with a stop or a
fricative. Hodson and Paden (1991) state that during typical development of speech,
children may use both patterns of affrication and deaffrication as they are learning to
sort out the difference between fricatives and affricates. Deaffrication is prevalent in
67% of males and 70% of females in the lower age group and in 37% of male subjects

and 43% of females in the higher age range.

Eg; /tferupo/—  /terupo/

7. Stopping: Stopping is most frequently described as the substitution of stops for
fricatives and affricates. Lowe (1996) gives an inclusive definition stating that stopping
can affect fricatives, affricates, liquids and glides. Hodson (1986) question
categorization of stops for affricates as stopping, since an affricate by definition already
has a stop component. In the present study, substitution of stops for affricate is

considered as deaffrication, not stopping. 28 males (93%) and 26 females (87%) out of
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30 males and 30 females each in 2.0 - 2.6 years had stopping and in 2.6 - 3.0 years 27
males and 21 females i.e., 90% and 70% respectively exhibited the process of stopping.
Rahul (2006) observed stopping in Hindi and Sreedevi, Jayaram and Shilpashree (2005)

studied Kannada and identified stopping as a prevalent processes in 2-3 years of age.

Eg; /mgfa/ —  /meta/

8. Palatal fronting: Palatal fronting occurs when a palatal sound is replaced by an alveolar
or labial sound. 63% of males and 37% of females exhibited this processes in 2.0 - 2.6
years. In 2.6 - 3.0 years, 23% of males and 17% of females had this process. There is a
decrease in the percentage of palatal fronting suggesting that the mastery of palatals is

occurring in this age range.

Eg; /nade/ — 5 /nado/

9. Velar fronting: Seven males constituting 23% and 5 females constituting 17%
exhibited this process in the lower age range, whereas in the higher age group, this

process was observed in only 1 male (3%) and 4 female (13%) subjects tested.

Eg; /[3K"sl—>  /[3te/

10. Retroflex fronting: Retroflex are the sounds which involve the tongue to curl back and
touch the palate. These are the sounds which are produced with greater difficulty.
Malayalam is a language with many retroflex sounds. Retroflex fronting occurs when a

retroflex sound is replaced by a more anterior sound. The prevalence of retroflex
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fronting is higher in both the age groups with 93% and 100% in males and females
respectively in 2.0 - 2.6 years and a slightly lower percentage of 93% and 80% in males
and females respectively in 2.6 - 3.0 years. The high occurrence of retroflex fronting
suggests that these sounds are still not mastered by children in this age range.

Eg; /JuRlibo/—»  /uriiba/

11. Nasal fronting: Nasal fronting occured only in 3 male children i.e., 10% in 2.0 - 2.6
year old children and in one male and female child each in 2.6 - 3.0 years age group.
This low frequency of nasal fronting suggests the mastery of most of the nasal sounds by

this age. Such processes have not been reported in other Indian languages studied.

Eg; /RIbon/ ——  /rIbom/

12. Initial, Medial and Final consonant deletion: Consonant deletions were observed in
the initial medial and final positions. In 2.0 - 2.6 years, 2 males and 3 females had initial
consonant deletion, 23 males and 24 females had medial consonant deletion and 7 males
and 13 females had consonant deletion in final position. In 2.6 — 3.0 years, in males, 4
subjects had initial consonant deletion, 20 had medial consonant deletion and 11
subjects exhibited consonant deletion in the final position. Whereas in females, 2 and 10
subjects exhibited consonant deletion in initial and medial positions respectively. Final
consonant deletion was not observed in females. The high frequency of medial
consonant deletion compared to initial and final consonant deletion indicate the
difficulty in mastering the consonants in the medial position compared to initial and

final positions.
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Eg;

Is3d3i/—— [ 3d3i/
Itferupo—> /tfeupo/

IKINoR | ——>  [KIna/

13. Nasal assimilation: Nasal assimilation occurs when a non nasal sound is replaced by a
nasal sound in the presence of a nasal sound in the target word. In 2.0 - 2.6 years, 10%
of males and 13% of females had nasal assimilation. In 2.6 - 3.0 years, the percentage

declined to just 3% each for both males and females.

Eg; /d3onel/ — > /ponel/

14. Palatalization: Palatalization occurs when a sound is produced as a palatal consonant
rather than as a non palatal. Hodson and Paden (1991) reported of palatalization among
preschoolers as a method of sorting out the contrast between alveolars and palatals. Out
of 30 males and 30 females tested in each age range, 50% of male subjects i.e., 15 males
and 47% of female children i.e., 14 females had the process palatalization in 2.0 - 2.6
years and in 2.6 - 3.0 years palatalization were observed in 47 % i.e., 14 males and 70%
females i.e., 21 in number. This result is supported by Huttenlocher et al (1991), who

reported faster maturation in language capacities in girls than boys.

Eg; /s3d3i/ ——>  /[5d3/
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15

16

17.

. Lateralization: When a non lateral sound is lateralized, lateralization occurs. 13 males

(43%) and 16 females (53%) exhibited this process in 2.0 - 2.6 years and 8 males (27%)

and 6 females (20%) exhibited lateralization in 2.6 - 3.0 years.

Eg; /kinoR/ —> /kInal/

. Backing: Backing occurs as opposite of velar fronting. That is sound with anterior place

of articulation are replaced by posterior sounds. This deviation is seldom seen in normal
development in English language. In an attempt to stop the airflow, children with cleft
palate may use the phonological deviation of backing. In the present study, 23% of
males and 7% of female subjects had the process backing in 2.0 - 2.6 years and in higher
age group, it was observed in 10% of male children and 7 % of female children only. In
Hindi, Rahul (2006) reported the occurrence of backing in 2.0 - 2.6 years, though in

negligible percentage.

Eg; /tfokRom—>  /kokRom/

Prevocalic voicing: It is the process by which a voiceless sound preceding a vowel
becomes voiced. Stoel- Gammon and Dunn (1985) indicate that prevocalic voicing can
affect all obstruents, but of these the most commonly affected are stops. It was prevalent
only in 3 males and 1 female child i.e., 10% and 3% respectively of 2.0 - 2.6 years. It is

totally absent in 2.6 - 3.0 years.

Eg; /p"slam/ > /bolam/
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18.

19.

20.

21.

Post vocalic devoicing: In post vocalic devoicing a voiced obstruent following a vowel
(postvocalic) becomes voiceless or devoiced. This process was found only in 1 male

subject out of 30 subjects in 2.0 - 2.6 years.

Eg; /goda/ —>  /gota/

Geminate cluster reduction: Geminate cluster reduction occured in 11 (37%) males
and 10 (33%) females in the 2.0 - 2.6 years age range and in 13 (37%) males and 12
(40%) females in the 2.6 - 3.0 years age range. In phonetics, gemination happens when a
spoken consonant is pronounced for an audibly longer period of time than a
short consonant. Gemination is distinct from stress and may appear independently of it.
In geminate cluster reduction, one of the consonants is deleted, which makes it a single

consonant.

Eg; /moddalomi——»  /modalom/

Metathesis: Metathesis is the pattern of transporting or reversing consonant in a word.
This process is usually atypical. Metathesis is observed only in 1 male and female
subject respectively out of the 30 males and 30 females tested in the 2.0 - 2.6 years age
range. This particular processes is absent in the 2.6 - 3.0 years group.

Eg; /mujol———»  /mulsjo/

Deaspiration: Deaspiration was seen in 17 males which constituted 57% of male

subjects and 13 females which is 47% of female subjects in the lower age range and in 9
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males i.e., 30% of males and 5 females (17%) in the age range of 2.6 - 3.0 years. The
words in which de-aspiration was produced are not used in day to day conversation. This
reduced familiarity to aspiration may be a possible reason for its occurrence. Also
studies have indicated that aspiration is acquired in later stages, after their non aspirated
cognates. Ramadevi (2002) in 5 - 6 year old Kannada speaking children and Rahul
(2006) in 2 - 3 years old Hindi speaking children found de-aspiration process. Divya
(2010) in Malayalam and Usha (2010) in Telugu reported unaspirated sounds are learned

earlier than aspirated sounds in 2 — 3 year old children.

Eg; /pholam/ = /polam/

22. Gliding: Four out of 30 males (13%) and 8 out of 30 females (23%) had gliding in 2.0 -
2.6 years age range. 3 males and 4 females i.e., 10% and 13% respectively had gliding in
the 2.6 - 3.0 years age group. Gliding refers to the use of a glide (/w, j/) for another
consonant. Gliding occurs frequently on prevocalic liquids. (/r, I/) in singletons and
clusters and sometimes on fricatives. Gliding of /r/ and /I/ seems to extend beyond 5.0
years of age (Grunwell, 1987; Smit, 1993b).

Eg; /olomarl/——  /alomajl/

23. Derhotacization: It is observed in 10 males and 10 females (33% each) in 2.0 - 2.6
years group and in 8 males and 8 females (27% each) in 2.6 - 3.0 years age range.

Eg; /JuRibo/ ——  /udiiba/

24. Delateralization: Delateralization occured in 4 males (13%) and 3 females (10%) in 2.0

-2.6 years and 4 males (13%) and 2 females (7%) in 2.6 - 3.0 years group.
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Eg; /IoRl/ — /dorl/

25. Distortion: Distortions of /R/, Ir/, [d3/, /t/ /d/ are also found in smaller percentage.

26. Medial syllable deletion: Syllables in initial and final positions were achieved in all the
subjects. But deletion of syllable in medial position was observed in 15 males ie 30%
and 16 females i.e., 47% out of 30 males and 30 female subjects tested in the 2.0 - 2.6
years age group.

Eg; /tferupo/—>  /tfepal

27. Final vowel deletion: It is observed only in 2 males, which constituted 7% of male

subjects in the lower age range. This is the only process related to vowels which were

prevalent among all the other processes identified in the 2.0 - 3.0 years of age.

Eg; /Redlo/ ——»/Redl/

After the percentage of subjects exhibiting each process was calculated, these processes were
classified into 3 major categories as summarized in Tables 8 (a) and (b). This was made on the

basis of the method used by Ramadevi (2006). The classification is as follows.

1. First category included the phonological processes occurring in 20% or less than 20% of

the subjects. These are considered as occasionally occurring processes.

2. Second category, included the phonological processes occurring in more than 20% and
less than 60% of the subjects. These are considered as frequently occurring

phonological processes.
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3. Third category included the phonological processes occurring in more than 60% of the
subjects. These are considered as phonological processes occurring most of the time in

children’s speech.

Males Females
Percentage of subjects exhibiting the processes | Percentage of subjects exhibiting the processes
Less than 20-60% More than Less than 20-60% More than
20% 60% 20% 60%
NF Csi CR Csi Csu CR
ICD Daff Epn VF PF Epn
Nasm VF Csu ICD FCD Aff
Prv FCD Aff Nasm PL Daff
P dv PL Stp Prv LAT Stp
MT LAT PF BAK Ger RF
GLD BAK RF MT Dasp MCD
Dlat Ger MCD Dlat GLD
DIS Dasp DIS Drot
Drot MSD
MSD

Table 8 (a): Categorization of phonological process based on the percentage of
subjects exhibiting the processes in 2.0 - 2.6 years.

Abbreviations used:

Phonological Sl Phonological Sl Phonological
processes no processes no processes
CR | Cluster reduction 11 ICD | Initial consonant | 21 Dasp | Deaspiration
deletion
Csi | Cluster 12 MCD | Medial consonant | 22 GLD | Gliding
simplification deletion
Epn | Epenthesis 13 FCD | Final consonant | 23 Drot | Derhotarization
deletion
C Cluster substitution | 14 Nasm | Nasal assimilation 24 Dlat | Delateralization
Su
Aff | Affrication 15 PL Palatalization 25 NF Nasal fronting
6 Daff | Deaffrication 16 LAT | Lateralization 26 FVD | Final vowel deletion
Stp | Stopping 17 Prv Prevocalic voicing 27 D Distortion
|
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S
8 PF Palatal fronting 18 BAK | Backing 28 PDV | Prevocalic devoicing
9 VF | Velar fronting 19 Ger Geminate cluster | 29 MSD | Medial consonant
reduction deletion
10 RF ! Retroflex fronting 20 MT Metathesis

Table 8 (a) shows that cluster reduction, epenthesis, stopping, affrication, retroflex

fronting and medial consonant deletion occurs most frequently in both males and females in the

2.0 - 2.6 years group. Apart from these phonological processes, palatal fronting and cluster

substitution in males and deaffrication in females occured most frequently. Palatalization,

lateralization, final consonant deletion, geminate cluster reduction, medial syllable deletion,

deaspiration, derhotarization occurred frequently in both males and females in this age group.

Another finding was that backing, deaffrication and velar fronting are prevalent in males,

whereas in females, cluster substitution, gliding and palatal fronting are prevalent frequently.

Apart from these processes, in males, nasal fronting, prevocalic devoicing and gliding are less

prevalent and in females, cluster simplification, velar fronting and backing are less prevalent.

Nasal assimilation, initial consonant deletion, prevocalic voicing, metathesis, delateralization,

and distortion occured rarely in both males and females.

Males Females
Percentage of subjects exhibiting the processes | Percentage of subjects exhibiting the processes
Less than 20-60% More than Less than 20-60% More than
20% 60% 20% 60%
VF Csi Epn Csi Daff CR
NF Csu Aff PF MCD Epn
ICD Daff Stp VF LAT Csu
Nasm PF RF ICD Ger Aff
BAK FCD MCD Nasm Drot Stp
GLD PL CR BAK DIS RF
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DLAT LAT Dasp PL

DIS Ger GLD

Dasp Dlat

Drot

Table 8 (b): Categorization of phonological process based on percentage
of subjects exhibiting the processes in 2.6 - 3.0 years

Abbreviations used:

Sl Phonological Sl Phonological Sl Phonological
no processes no processes no processes
1 CR Cluster reduction 11 11IC Initial consonant | 21 | DEAS | Deaspiration
deletion
2 (O] Cluster 12  MC Medial  consonant | 22 | GLD | Gliding
simplification deletion
3 EPN Epenthesis 13 | FC Final consonant { 23 | DRO | Derhotarization
deletion
4 C Cluster 14 | NASM | Nasal assimilation 24 | DEL | Delateralization
SU substitution
5 AF Affrication 15 | PL Palatalization 25 | NF Nasal fronting
6 DEAF | Deaffrication 16 | LT Lateralization 26 | FVD | Final vowel deletion
7 ST Stopping 17 | PRV Prevocalic voicing 27 | D Distortion
|
S
8 PF Palatal fronting 18 | BK Backing 28 { PDV | Prevocalic devoicing
9 VF Velar fronting 19 { GR Geminate cluster { 29 { MSD | Medial consonant
reduction deletion
10 | RF Retroflex fronting | 20 | MT Metathesis

Cluster reduction, epenthesis, affrication, stopping and retroflex fronting continued to be
the most prevalent processes occurring in both males and females of 2.6 - 3.0 years group also.
Medial consonant deletion in males and cluster substitution and palatalization in females were
the other most prevalent processes. Deaffrication, derhotarization, geminate cluster reduction and
lateralization were found to be less frequently occurring category in both males and females.
Cluster simplification, cluster substitution, palatal fronting, final consonant deletion,
palatalization and deaspiration occured frequently in males and medial consonant deletion and

distortions were seen frequently in females. Velar fronting, initial consonant deletion, nasal
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assimilation, backing, gliding, delateralization occured in less than 20% of the subjects in both
males and females. Nasal fronting and distortions are less prevalent in males whereas cluster
simplification, palatal fronting and deaspiration are less occurring processes in the female

subjects.

Apart from categorizing the phonological processes according to the classification given
by Ramadevi (2006), several researchers classified the phonological processes as (a) Syllable
structure, (b) assimilation or harmony, (c) substitution or feature contrast. The following graphs
(Graph 1, 2, 3, 4 & 5) show the percentages of subjects exhibiting phonological processes under
each type of processes in the present study. Out of three types of processes, substitution process

was the major type of process in the children tested.

Substitution processes: Substitution processes involve replacing one sound by another sound
without being influenced by the surrounding phonemes. These deviations affect liquids, stops,
fricatives, affricates, nasals and glides. Most of these processes occur in the speech of typically
developing children. In comparison to syllable structure deviations and assimilation processes,
substitution process is the majorly occurring group of processes in Malayalam speaking children
in the age range of 2.0 - 26 years (Figure 1). Retroflex fronting followed by affrication, stopping,
deaffrication and cluster substitutions are the frequently occurring substitution processes. This is
supported by the findings of Rahul (2006) who studied 2.0 — 2.6 years Hindi speaking children
and found retroflex fronting, affrication and stopping to be the most frequently occurring
processes in 2.0 - 2.6 years. Velar fronting, nasal fronting, backing, gliding and delateralization
are occurring relatively less frequently. The process nasal fronting is present only in males and

absent in female subjects.
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Csu Aff Daff Stp PF VF RF NF PL LAT BAK Dasp GLD Drot Dlat

Phonological processes

Graph 1: Percentage of subjects exhibiting the substitution processes in 2.0 — 2.6 years

Graph 2 shows the percentage of subjects exhibiting substitution processes in 2.6 — 3.0
years of age. Retroflex fronting, affrication, deaffrication continue to be the most occurring
processes in this age group. There is a marked difference between male and female subjects for
the processes cluster substitution, affrication, stopping, and palatalization. Velar fronting, nasal
fronting, backing, gliding, delateralization are occurring in lesser number of subjects. Rahul
(2006) also has reported retroflex fronting as a frequently occurring process in 2.6 — 3.0 years

age group in Hindi speaking children.
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Graph 2: Percentage of subjects exhibiting the substitution processes in 2.6 — 3.0 years

Syllable structure processes: Syllable structure processes are changes in the consonant/vowel
(CV) make up of the syllables of standard adult word forms. Thus the CV construction tends to
be modified. The number and/or sequence of vowels and consonants in the surface form differ
from that in the adult standard form of the target word. Graph 3 shows the percentage of subjects
exhibiting different syllable structure deviations identified in male and female children in
percentages. The different syllable structure processes identified in this age range are cluster
reduction, cluster simplification, epenthesis, initial, medial and final consonant deletions,
geminate cluster reduction, metathesis, medial syllable deletion and final vowel deletion. Among
these processes cluster reduction occured maximally, i.e., in 100% of the subjects. Following
cluster reduction, the processes epenthesis, medial consonant deletions and medial syllable
deletion occur in more than 50% of the subjects. The processes initial consonant deletion,
metathesis and final vowel deletion occured rarely in children in the age range of 2.0-2.6 years.

Final vowel deletion unlike all other processes was present marginally only in the male children.
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Graph 3: Percentage of subjects exhibiting the syllable
structure processes in 2.0 — 2.6 years

As in the age range of 2.0 — 2.6 years, cluster reduction continued to be the most
prevalent processes in the age range 2.6 — 3.0 years also. Following cluster reduction, epenthesis
was identified in around 90% of the subjects tested. Cluster simplification and initial consonant
deletion were the least prevalent processes. On comparison across gender, males were exhibiting
medial consonant deletion and cluster simplification in relatively higher percentage than the
female subjects tested. It is clearly evident from Graph 4 that final consonant deletion was
present only in male subjects. In comparison with Graph 3, i.e., subjects in the age range 2.0 —
2.6 years, subjects in 2.6 — 3.0 years did not exhibit the processes metathesis, medial syllable

deletions and final vowel deletion. These processes were suppressed by the age 2.6 — 3.0 years.
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Graph 4: Percentage of subjects exhibiting the syllable
structure processes in 2.6 — 3.0 years

Assimilation processes: Assimilation processes or harmony deviations are the processes where a
sound or syllable is changed to become more similar to another sound or syllable in a word. Thus
in these deviations, the sounds or syllables of a word becomes more alike. Graph 3 shows the
assimilatory processes observed in the age range 2.0 — 2.6 years. The three processes evident
were nasal assimilation, prevocalic voicing and post vocalic devoicing. All these three processes
were identified in lesser than 20% of the subjects indicating that they are in the process of
supression. Prevocalic voicing is present only in males and is totally absent in females. Apart
from nasal assimilation there were no other assimilatory processes identified in the age range of

2.6 — 3.0 years.
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After obtaining the percentage of subjects exhibiting the various processes, the statistical

technique “Equality of Proportion” was used to test the following hypothesis:

1. “The percentage of children exhibiting phonological processes in males is greater than
females at 0.05 level of significance in 2.0 - 2.6 years and 2.6 - 3.0 years”

2. “The percentage of children exhibiting phonological processes in males of 2.6 -3.0 years
is greater than males of 2.0 - 2.6 years at 0.05 level of significance”

3. “The percentage of children exhibiting phonological processes in females of 2.6 -3.0

years is greater than females of 2.0 - 2.6 years at 0.05 level of significance”

The results of the statistical test is shown in Tables 9 (a) and 9 (b), 10 (a) and 10 (b).
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Sl.no Phonological processes No. of subjects exhibiting the Percentage of subjects exhibiting the /z/
process process
Males Females Males Females

1 Cluster Reduction 30 30 100 100 0.00
2 Cluster Simplification 12 2 40 7 3.05*
3 Epenthesis/cluster simplification 26 26 87 87 0.00
4 Cluster Substitution 21 14 70 47 1.83
5 Affrication 27 26 90 87 0.40
6 Deaffrication 20 21 67 70 0.28
7 Stopping 28 26 93 87 0.86
8 Palatal Fronting 19 11 63 37 2.06*
9 Velar fronting 7 5 23 17 0.64
10 Retroflex fronting 28 30 93 100 1.43
11 Nasal fronting 3 - 10 1.77
12 Initial Consonant deletion 2 3 7 10 0.46
13 Medial consonant deletion 23 24 7 80 0.31
14 Final Consonant Deletion 7 13 23 43 1.64
15 Nasal Assimilation 3 4 10 13 0.40
16 Palatalization 15 14 50 47 0.25
17 Lateralization 13 16 43 53 0.77
18 Prevocalic Devoicing 1 - 3 - 1.01
19 Prevocalic voicing 3 1 10 3 1.03
20 Backing 7 2 23 7 1.80
21 Geminate cluster Reduction 11 10 37 33 0.27
22 Metathesis 1 1 3 3 0.00
23 Deaspiration 17 13 57 47 1.03
24 Gliding 4 8 13 23 1.29
25 Derhotarization 10 10 33 33 0.00
26 Delateralization 4 3 13 10 0.40
27 Distortions 5 6 17 20 0.33
28 Medial syllable deletions 15 14 50 47 0.25
29 Final vowel deletion 2 0 7 - 1.43

Table 9a: Indicates significant difference (*) between male and female

subjects in the age range of 2.0 - 2.6 years
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Statistical analysis reveals that there is a significant difference between males and
females for cluster simplification and palatal fronting in 2.0 - 2.6 years group. For all the other

processes there was no significant gender differences observed.

Sl.no Phonological processes No. of subjects exhibiting the process | Percentage of subjects exhibiting the process | /zZ/
Males Females Males Females
1 Cluster Reduction 30 30 100 100 0.00
2 Cluster Simplification 8 4 27 13 1.29
3 Epenthesis/cluster simplification 26 27 87 90 0.40
4 Cluster Substitution 15 24 50 80 2.43*
5 Affrication 29 18 97 60 3.44*
6 Deaffrication 11 13 37 43 0.53
7 Stopping 27 21 90 70 194
8 Palatal Fronting 7 5 23 17 0.64
9 Velar fronting 1 4 3 13 1.40
10 Retroflex fronting 28 24 93 80 1.52
11 Nasal fronting 1 1 3 3 0.00
12 Initial Consonant deletion 4 2 13 7 0.86
13 Medial consonant deletion 20 10 67 33 2.58*
14 Final Consonant Deletion 11 - 37 - 3.67*
15 Nasal Assimilation 1 1 3 3 0.00
16 Palatalization 14 21 47 70 1.83
17 Lateralization 8 6 27 20 0.61
18 Backing 3 2 10 7 0.47
19 Geminate cluster Reduction 13 12 37 40 0.26
20 Deaspiration 9 5 30 17 1.22
21 Gliding 3 4 10 13 0.40
22 Derhotarization 8 8 27 27 0.00
23 Delateralization 4 2 14 7 0.86
24 Distortions 4 8 14 27 1.29

Table 9b: Indicates significant difference (*) between male and female
subjects in the age range of 2.6 — 3.0 years
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The processes cluster substitution, affrication, medial and final consonant deletion was
significantly higher in males than in females in the age range of 2.6 - 3.0 years. There was no
significant difference noticed in the percentage of subjects exhibiting the other processes across

gender in this age range.
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Sl.no Phonological processes No. of subjects exhibiting the process
1zl
Males Males
(2.0-2.6yrs) (2.6 - 3.0 yrs)
1 Cluster Reduction 30 30 0.00
2 Cluster Simplification 12 8 1.09
3 Epenthesis/cluster simplification 26 26 0.00
4 Cluster Substitution 21 15 1.58
5 Affrication 27 29 1.03
6 Deaffrication 20 11 2.33*
7 Stopping 28 27 0.467
8 Palatal Fronting 19 7 3.13*
9 Velar fronting 7 1 2.27*
10 Retroflex fronting 28 28 0.00
11 Nasal fronting 3 1 1.04
12 Initial Consonant deletion 2 4 0.86
13 Medial consonant deletion 23 20 0.86
14 Final Consonant Deletion 7 11 1.13
15 Nasal Assimilation 3 1 1.04
16 Palatalization 15 14 0.26
17 Lateralization 13 8 1.35
18 Prevocalic Devoicing 1 0 1.01
19 Prevocalic voicing 3 0 1.77
20 Backing 7 3 1.39
21 Geminate cluster Reduction 11 13 0.53
22 Metathesis 1 0 1.01
23 Deaspiration 17 9 2.08*
24 Gliding 4 3 0.40
25 Derhotarization 10 8 0.56
26 Delateralization 4 4 0.00
27 Distortions 5 4 0.36
28 Medial syllable deletions 15 0 4.47*
29 Final vowel deletions 2 0 1.43

Table 10a: Indicates significant difference across males (*)
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Sl.no Phonological processes No. of subjects exhibiting the
process 1Z/
Females Female
(2.0-2.6yrs) | (2.6-3.0yrs)

Cluster Reduction 30 30 0.00
1
2 Cluster Simplification 2 4 0.86
3 Epenthesis/cluster 26 27 0.40

simplification

4 Cluster Substitution 14 24 2.68*
5 Affrication 26 18 2.35*
6 Deaffrication 21 13 2.08*
7 Stopping 26 21 1.57
8 Palatal Fronting 11 5 1.75
9 Velar fronting 5 4 0.36
10 Retroflex fronting 30 24 2.58*
11 Nasal fronting - 1 1.01
12 Initial Consonant deletion 3 2 0.27
13 Medial consonant deletion 24 10 3.65*
14 Final Consonant Deletion 13 0 4.07*
15 Nasal Assimilation 4 1 1.40
16 Palatalization 14 21 1.83
17 Lateralization 16 6 2.68*
18 Prevocalic Devoicing 0 0 -
19 Prevocalic voicing 1 0 1.01
20 Backing 2 2 0.00
21 | Geminate cluster Reduction 10 12 0.53
22 Metathesis 1 0 0.01
23 Deaspiration 13 5 2.25*
24 Gliding 8 4 1.29
25 Derhotarization 10 8 0.56
26 Delateralization 3 2 0.46
27 Distortions 6 8 0.61
28 Medial syllable deletions 14 0 4.27*

Table 10 b: Indicates significant difference across females (*)
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Statistical analysis was carried out to delineate whether there is any significant
difference across age for males and females separately. When males of 2.0 - 2.6 years was
compared with males of 2.6 - 3.0 years, significant differences between age groups was observed
for the processes deaffrication, palatal fronting, velar fronting, deaspiration and medial syllable
deletion. The processes cluster substitution, affrication, deaffrication, medial consonant deletion,
final consonant deletion, lateralization, deaspiration and medial syllable deletion were
significantly higher in females of 2.6 - 3.0 compared to females of 2.0 - 2.6 years. There was no

statistical difference for the remaining processes between these age ranges.

Results of Phase 11

Phase Il of the present study intended for the development of the software which will
assist the clinician in assessing the phonological processes automatically with a minimum effort.
Based on the administration of Malayalam Articulation Test (Maya, 1990) on 60 subjects each in
the age range of 2.0 - 2.6 and 2.6- 3.0 years respectively, a word list was developed for inclusion
in the software. Out of the 71 test stimuli, children errored on 62 words in the 2.0 - 2.6 years age
range and on 55 test words in the 2.6 - 3.0 years group. Tables 11 (a) and (b) shows the number
of subjects producing the incorrect responses for every target word out of the 60 children tested
in each of the two age groups. The number of children producing the errors are presented in

decending order.
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SL.No. Words No of children with | SL.No Words No of children with
incorrect production incorrect production
1. doktoR 60 32 | mod,dalom 27
2. noksotRom 60 33 p"alom 26
3. bRass 60 34 tfevl 25
4. pustpkom 60 35 koyi 24
5. vast Rom 60 36 nonul 22
6. SoRto 60 37 ka dokali 19
£ kosera 60 38 nada 18
8. sImhom 59 39 gad3om 18
9. pRava 59 40 d3onel 17
10. tfokRom 59 41 mod[rom 17
11. pRava 59 42 {T*aja 16
12. tfokRam 59 43 viral 15
13. tfod.ron 56 44 pitfa 10
14. basa 56 45 tfipo 9
15. patRam 55 46 gag" om 8
16. surjon 55 47 maraom 7
17 Redlo 51 48 takol 7
18. lorl 50 49 vala 6
19. s3d3i 49 50 gada 5
20. RlIban 48 51 mujol 5
21 3K 47 52 mukom 5
22 uRiiba 45 53 va li 3
23 efu 43 4 kuda 2
24 mefa 42 55 dipom 2
25 tfarupo 36 56 itja 2
26 kineR 35 57 piga 2
27 Roda 33 58 baega 2
28 alomarl 30 59 man:a 1
29 rad3avo 30 60 puvs 1
30 udupa 29 61 pito 1
31 kaR 27 62 tivadl 1

Table 11a: Number of subjects producing incorrect responses
in the 2.0 - 2.6 years age group
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SL.No. Words No of children with | SL.No | Words No of children with
incorrect production incorrect production

1. noksotRom 60 29 tfevl 17
2. bRoso 60 30 rad3avo 17
3. slmhom 59 31 Kkl noR 15
4. doktoR 59 32 gad3em 15
5. SoRto 59 33 p"alom 14
6. skutoR 58 34 alomarl 13
7. vost Rom 57 35 d3onel 12
8. pRavo 56 36 tfarupo 11
9. pustokom 55 37 modIrom 7
10. blskoto 53 38 noado 7
11. tf3d ron 48 39 nonul 7
12. patRom 48 40 kadokali 6
13. RlIbon 45 41 takol 6
14. tfokRom 44 42 udups 6
15. kosera 43 43 vala °
16. basa 42 44 {T*aja 5
17 surjon 41 45 mujol 4
18. fékh ° 41 46 marom 4
19. s303i 38 47 goda 3
20. Redlo 36 48 piitfa 3
21 1611 33 49 viral 2
22 uR{iba 31 50 tfipo 2
23 me/fa 30 51 baega 1
24 £fu 30 52 itja 1
25 m ech,_alsm 27 53 kuda 1
26 kogi 19 54 man:a 1
27 kaR 19 55 vida 1
28 Roda 19

Table 11b: Number of subjects producing incorrect responses
in the 2.6 — 3.0 years age group

Merin (2010) developed similar software as part of the M Sc (SLP) dissertation which
assesses phonological processes in Malayalam speaking children in the age range of 3.0 - 3.6
years using the same method. In the present study, this already developed software by Merin

(2010) is appended along with CAPP-M which was prepared for the age range of 2 -3 years.
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Hence the final output of the present study will be assessment software for the age range of 2 -

3.6 years in Malayalam.

SL.No. Words No of children with SL.No Words No of children with incorrect
incorrect production production
1. doktoR 30 21 surjon 10
2. nokSotRom 30 22 s3d3i 13
3. sImhom 29 23 fékhe 7
4. tfod ron 20 24. mefa 4
5. bRasa 22 25. modJrom 1
6. pustokom 20 26. tfevl 3
7. skutoR 9 27 alomarl 4
8. blskoto 23 28. radzavo 1
9. vosf,Rom 28 29. Ior] 3
10. pRavo 12 30. mukPam 3
1L tfokRom 19 3L ka dokali 1
12. SoRto 25 32. gag” om 2
13. piitfa 1 33. Thaja 1
14. Rodo 5 34 nodo 5
15. basa 11 35. nanul 2
16. Rlbon 6 36. vlral 2
1 kosgra 12 37 d3onel 4
18. Redlo 5 38. udups 1
19. patRom 21 39 koyi !
20. £fu 8 40. phalom 3

Table 11c: Number of subjects producing incorrect responses in
the 3.0 - 3.6 years group (Merin, 2010).

Based on the normative data collected and analyzed, out of the 71 words tested, 40 words
were found to be errored by the 30 children tested in Merin’s (2010) study, i.e in the age range of
3.0 — 3.6 years. Table 11 (c) shows the number of subjects producing incorrect responses in the
age range of 3.0 - 3.6 years (Merin, 2010). These errored words were arranged in the descending
order, i.e., from the most erroneously produced word to the least erroneously produced test word
by the subjects in this age group. From this list, all the words which were produced incorrectly
by more than 40% of the children were selected for the software tool preparation. Similarly
Table 12 (a) and (b) shows all the words selected based on the 40% criteria for the children in the
age range of 2.0 - 2.6 years and 2.6 - 3.0 years in the present study.
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Sl Words Freque | Sl Words | Freque | SI | Words | Freque | SI | Words | Freque | Sl Words Freque

n ncy no ncy no ncy no ncy no ncy

0

1 doktoR 8 | slmhom 59 15 | surjon 55 22 3k" 47 29 | rad3ave 30

60

2 |, oksotRom 60 9 pRava 59 16 | patRom 55 23 efu 43 30 udupa 29

3 bRass 60 10 | ¢ fokRom 59 17 | Redlo 51 24 | me fa 42 31 | maddalem 27

4 | pustpkom 60 11 | skutoR 58 18 I5RI 50 25 tfarupo 36 32 kaR 27

5 vost,Rom 60 12 | blskoto 58 19 sad3i 49 26 | KkIneR 35 33 p"alom 26

6 SoRto 60 13 tf3d ron 56 20 | Rlben 48 27 | Rodo 33 34 tfevl 25

7 kosera 60 14 basa 56 21 | uRibs 45 28 | alomarl 30 35 kogi 24

Table 12a: Target words selected for the software development in 2.0 - 2.6 years range
Sl Words Frequ | SI Words Frequ | SI Words Frequ | SI Words Frequ | SI Words Frequ
no ency | no ency no ency | no ency | no ency
1 noksotRom 5 6 skutoR 58 11 patRom 48 16 baso 42 21 1611 33
2 bRass 60 7 vost,Rom 57 12 tf3d ron 48 17 [3Khs 41 22 uR{iba 31
3 doktoR 59 8 pRavo 56 13 45 18 surjon 41 23 £fu 30
RIbon

4 sImhom 59 9 | pustpkom 55 14 | {fokRom 44 19 s3d3i 38 24 mefa 30
5 SoRta 59 10 blskoto 53 15 kosera 43 20 Redlo 36 25 | maddalom 27

Table 12 b: Target words selected for the software development in 2.6 - 3.0 years range

For each of these selected words, all the possible productions for each target word along

with the number of subjects producing that particular pattern of production was

obtained.

Among these different patterns of production, four varied utterances which outnumbered other

patterns of production for each target word were selected for incorporating in the software.
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Tables 13a and 13b shows all the possible utterances obtained from all the subjects for each of

the words selected in the age group 2.0 — 2.6 years.

SI.No | Targetword | 1 2 3 4 5 6 7 8 9 10
1 doktaR dotal dotaR dots dotara
) (50) (©)] @
2 nokgotRom | notfotorom | motfotoRom | motfotom | motfotRom | mafotoRom | MRBROM | jorsiarom | notfom | MWIRIM | joratom
(10) (18) (14) @) () ©) @) &) W @
3 bRagd batfs bRatf> bata bafs bRaf> bRota
(24) @ an (10) ©®) @
4 pustpkom putpkom putpbom pufokom | putfokem putom puftakom putptom
@) @ £ ® @ g @
5 vast Rom vatpRam vatom valarom vaforom voftoRom votfo Rom vastaRom | vastom vat Rom votfom
(33) ™ ™ @) ® @ @ ® ) @
6 SRt tfata Jota foto Rt JoRta tfoRts Rt soto
(14) (6) (22 ©) @ @ @ @
7 kasera kotfera kotgra kofera ko tgla
(25) (20) (12) 1)
8 sImham t/Imom fImgom tImgom tfImgom tImbom sImgom sImom tImom fImhom Imgom
(8) 3) (®) (6) @) 0] O] @ @ @
9 pRava pava paba pRaba para
(56) ) (€] (€]
10 tfokRam tfokaRom tfokaram okRom tfoka tfokom kokRom
(35) (13) @ @) @ @)
11 skutoR kutal kutoR kuta kutars suty tfutoR tfutol tutaR skutars kutan
@ (45) ) ® | 0 0 o) &) M
12 bIskats blkata blIskatl blit(kot. bl ket
(53) ) oot | bkt
13 tf5d.ran tf5d,aran tf3d.an tf3dp nan tfad.al t3d.ron t3do
@) (24) 4] (€] @ @
14 basa boatfo baf> baty
(21) (13) @2)
15 surjon furjon Jurjon tfurjon tfujon tfuran urjon turjo
(“0) @® ®) @ &) @ @
16 patRam patpRom patpram patpm
(36) (6) (13)
17 Redlo redlo dedlo redlom redl reo redo
(39) ®) (€] (6) ) (€3]
18 16RI lorl Iall orl dorl lorll () torl
(40) ®) (€] 7] () (Y] (Y]
19 s3d3i t3d3i t3d3i 5d3i 3d3i tf5dzi
31) (16) fes ® s

Table 13a: Various patterns of productions observed for the selected target words in
2.0 - 2.6 years
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20 Rlban rIbon rIbom rIba rIban dIbon
(16) ©®) (6) (23) (1)
21 uRiiba iba uriiba udiiba
(36) ©) )
22 S5k 3k" tf3k" B 3kMy
(28) (18) ® (1)
23 efu etfu Etu
(32) (11)
24 mefa metfa méeta mesa
(30) (12) )
25 tforupa tfopa tfoupa forupa fopa
(24) (6) ® (Y]
26 kinaR kinal kinan kina kinara kinal
(16) Q] (1) (6] t
27 Roda roda dodo doda
) | @ @
28 alomarl amarl ajomarl alomadl adomarl aravl alarl aromarl | alomarl | alomajl
(16) M M (€] @ @ ()] () @
29 rad3avo ra dava radavo dad3ava
(25) ® ()
30 udupa upa
(29)
31 | maddalom | moadalom | maddam | molalom | moaddalom | modalo | madalom
(18) () () @ @ @
32 kaR kara kals kajo
(24) @ ()
33 pPalom palam panam balam
(22) () ()
34 tfevl evi tevi tfebi tebi
@ 20 | o &)
35 Kodi kol oli kolI koji koli
L] aa ?1# @ |6 &

Table 13b: Various patterns of productions observed for the selected target words
in 2.0 — 2.6 years

Table 14a and 14b shows all the possible utterances obtained from all the subjects for each of the

target words selected in the age group of 2.6 — 3.0 years.

90


http://en.wikipedia.org/wiki/Retroflex_approximant
http://en.wikipedia.org/wiki/Retroflex_approximant

SINo | Target word 1 2 3 4 5 6 7 8 9 10
1 noksotRom | notfotaRom | notfotom | notfotorom | MWLM | poryioRam | nofstRom | mafotom | MRLROmM | piesirRom | noksotoRom
22) © @ @ (1) @ @ @ @) @
2 bRoasd batfs bata bafs bRaf> bRot bRatfs
(28) @ (15) (1) @ )
3 doktaR dotal dotaR dots
@ (54) (©)]
4 sImhom tfImgom tImom sImom tfImom tImgom sImgom tImbam Igom sImbam t/Imgom
15 @ ® © @ (14) ) @) @
5 SRt bRt tfoRto tfoto JoRty foto Joto gato
(10) ) (6) (15) (14) @ ®
6 skutaR kutaR tfutaR sutoR tutaR
(50) @) ()] 1)
7 vast, Ram vat,om vat Rom vatpRam vastaRom vatfo Ram vast.om vat,aram vatfom vaka Ram vatrom
©) ® (20) © ® ) &) O &) M
8 pRava pava paba
(58) (6))
9 pustokom putpkom putfokom puftokom pukakam putfom
@1 © ® @ @)
10 blIskata bIkata bifkoto bltfoto
“5) ) @
11 patRom patpm patpRam patprom
(11) (31) )
12 tf3d.ron tf5d.aron tf3d.oR tf3d.on tf3d.1ran tf3d,ajon
(23) ()] (22) (6)) (€}
13 rIban rlbam riba rlban
Ribon (28) @ @ (13)
14 tfokRom tfokoRom tfakorom tfokam tfoka tfokajom
(30) 4) ®) (6)) (€}
15 kosera kotfera katgra kafera
(27) ™ ®)
16 basa batfo bafo batp
(15) (14) (13
17 [3kha tf3kho 3k B s3kha
(18) (2) @ @

Table 14a: Various patterns of productions observed for the selected words in 2.6 - 3.0 years
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18 surjon tfui turjon tfuri i urjan | suran
fuion N I IRl I e
19 s3d3i t3dzi tf3d3i [3d3i
S ©) )
20 Redlo Redio Redi dedio edio | tedio
(28) @ © @ @
21 Torl Torl dorl Toll torl | ladl
(25) (0] ® @ @
22 uRiiba iibo uriibo udiibo | wjiabs | uliibs
(15) (10) ® @) @
23 gfu etfu £ty
(18) @
24 mefa metfa meta
(26) 4)
25 | mod.dalom | modalom | moadalom
@3 @

Table 14b: Various patterns of productions observed for the
selected words in 2.6 - 3.0 years
Among the different productions four most commonly occurring productions were
selected. As evident from the tables, some words had as many as 11 different patterns of
productions whereas some words had as few as 3 patterns of productions in the normal children
tested. The four selected varied utterances for the target words for 2.0 — 2.6 years age group from

the sample are listed in Tables 15a and 15b. The same lists are provided in Appendix A.
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3'6 CORRECT PATTERN | PATTERN | PATTERN | PATTERN
PRODUCTION 1 2 3 4

1 doktaR dotaR dota dotal dotaras

2, Roda rods dods doda

8. kinar kinal kina kinan kinara

& moaddalom moadalom moadalom moaddalom

> noksotRam matfotpRom | notfotpm | natfotprom | MOIPPRam

6. udups ups

v basa batfo bato bafo

8. RIban rIban rIban rIbs rIbam

> jgfu gtfu £tu

10. IoRI Iorl dorl Ioll

11. slomarl amarl alarl djomarl dlomajl

12 tfevl fevl tfebl tebl evl

1. sImham tfTmom {Imgom tImbam sImgom

1a. sa3d3i t3d3i [5d3i tf3d3i 3d3i

15 surjen furjen tfurjen furjen tfujen

16 kosera kotfera kotgra kafera kotgla

17. pralam palam balam panam

18. rad3ave radava radave dad3zave

19. tferupo tfepa tfeupo terups tepa

Table 15a: Selected words with their most frequent

forms of productions for 2.0 - 2.6 years
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20. H) kMo tf3kMs €8]

21

mefa metfa meta mesa
22, Kogi koi koli koli
23. Redlo redlo redl dedlo reo
24, uRiibs iibo uriibs udiiba
25 kaR kar o kal a kaj o

2. tfod.ron | tfad.aren tfadon tfad,

anan

27 pRava pava pabs pRaba

2. tfokRom | tfokoRom | tfokem | tfokrom | kokRom

29. | patRem | patpRom patom patprom

30 saRto tatd tfoto toRto JaRto

31 bRaso batfo bato bafo bRafs

32. | pustpkem | putpkem putfokom | pufokom | Putem

33, skutaR kutaR kutal kutara tfutol

34. bIskato blkoato blfkoto bitfkata

35 | vost Ram | vastpRam | vostom vast, vast am
arom

Table 15b: Selected words with their most frequent forms
of productions for 2.0 - 2.6 years

Table 16 shows the four varied utterances for the target words for 2.6 — 3.0 years age

group selected from the sample. The same list is provided in Appendix B.
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SL.NO CORRECT PATTERN 1 PATTERN 2 | PATTERN 3 PATTERN 4
PRODUCTION

1 doktaR dotaR dota dotal
2 maddalom moadalom moadalom
3 noksatRom natfotpRom natfotpm nafotpRam | natfotprom
4 basa botfo batp bafo
5 RIban rlban rIban rlbs rIbam
6 jefu £tfu £tu
7 1oRI lorl Iall ladI torl
8 sImham tfTmom fImgom simam sImgam
9 s3d3i 5d3i [3d3i tf3dzi
10 surjen turjen tfurjen Jurjen tfujen
1 kosgra katfera kotgra kofera
12 J3khs t3kMs tf3khs S5t
13 mefa metfa meta
14 Redlo redlo edlo dedlo
15 uRiibs iiba uriiba udiiba ujiiba
16 tfad.ran tfad.aran tfadsn tfad.ajen
17 pRava pava paba
18 tfokRam tfokoRam tfokom tfokrom tfokajom
19 patRom patpRam patpm patprom patpjom
20 SoRta toto tfoRto PRt JaRts
21 bRaga batfa batp bafo bRafs
22 pusipkom putpkom putfokam | puftpkom putfom
23 skutoR kutaR sutaR tutaR tfutoR
24 bIskata blkata bifkato bitfata
25 vast, Ram vastpRam vatRom vat,oaRam vatom

Table 16: Selected words with their most frequent forms of production for 2.6 - 3.0 years
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In the existing tool in Malayalam (Merin, 2010), 20 words were selected from the list of
words arranged in descending order of erroneous production by 30 subjects tested in the age
range of 3.0 - 3.6 years. For these 20 words, 3 varied production patterns for each word were
selected for the software development. Table 17 shows the list of these words along with the

three varied patterns for each test word selected. The same list is provided in Appendix C.
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SL. Correct 1 2 3

No | Production

1 doktoR dotoR dokfpR dofoR

2 noksotRom | nofatpRom | noktfotRom | notfotpRom
3 sImhom sImgom t/Tmom t/Imgom
4 bRago batfo bRofo bafo

5 pusfpkom putpkam | byfiskom | putfokem

6 blskoto blkoto bifkato

7 vost Rom vostpRom vot Rom voloRom
8 $oRto tfoRto JoRto [PRto

9 patRom patpRom pat,om -

10 tf 3d.ron tf 3d,oron tf3d.on -

11 skutoR kutoR tfutoR -

12 pRava pave paRva -

13 tfokRom tfokoRam tfokom kokoRom
14 boso bofo botfo botp
15 kosera kofera kotfera kotera
16 sad3i t3d3i tadi B

17 f59h9 U-Sghs téghs _

18 mefa metfa mefa -

19 surjen furjen turjen tfurjen
20 gfu etfu ey -

Table 17: Selected words with their most frequent forms
of production for 3.0-3.6 years (Merin, 2010)
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Thus most erroneous words along with its most commonly occurring patterns were ready
for the software making. This material was provided to a software professional at Bangalore

(ENFIN Technologies India Pvt Ltd), for the development of the assessment software.

With the list of words provided, the software was developed and is named as
Computerized Assessment of Phonological Processes in Malayalam (CAPP-M). This tool
assesses the phonological processes in the age range of 2 — 3.6 years. Material for 2-3 years is
developed in the present project and material for 3- 3.6 years was developed by Merin (2010). In
the final product the two data were appended to cover an age range of 2-3.6 years. The test
stimuli are represented in colour picture form. The installation and working of the software

(CAPP-M) is described below.

Framework: To run the software, it is mandatory to install Adobe AIR in the system. Adobe
AIR enables developers to use HTML, JavaScript, Adobe Flash® and Flex technologies, and
ActionScript® to build web applications that run as standalone client applications without the
constraints of a browser. So as the first step, Adobe AIR framework was downloaded from

Adobe AIR from Google (link for the download is http://get.adobe.com/air/ ) and installed. The

software (CAPP-M) can be run in any computer provided the framework Adobe AIR is installed

in the system intended for the assessment procedure.

Working: After the installation of the framework, the software program (CAPP-M) file can be
opened. In the first page of the tool, the name of the tool along with the name of the institute is

displayed (Figure 1).
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B COMPUTERIZED ASSESSMENT OF PHONOLOGICAL PROCESSES IN MALAYALAM CEX

All India Institute of Speech and Hearing
Manasagangothri, Mysore, 570 006 =

==

www.aitishmysore.in

O%{ uterized Assessment of
Phonological Processes in Malayalam

(CAPP-M; 2.0 — 3.6 Years)

2011-2012
Funded by AlISH Research Fund

Figure 1: Shows the opening page of CAPP-M

There is an option ‘start” which has the access to move to next page of the tool.
Following the first page are the 2 pages for users to familiarize with the tool. There is a brief
introduction about the test and instructions for the users in the following pages. Next page is for
selecting the age range. The clinician, based on the language age of the child will select the age
range for running the tool. There are 3 options available for selection (2.0 - 2.6, 2.6 - 3.0 and 3.0
- 3.6 years). Once the age range is selected, it automatically starts the test. The screen contains
the picture of the intended target word to be tested on the left corner. Below the picture its
correct production is shown in IPA symbols. At the bottom of the page, five options are provided
towards the left side, i.e. the 4 most possible patterns of the intended target word along with an
option called “Any other”. This “Any other” option is meant for any other production by the

subject which does not fall under the common patterns of production. The right side top portion
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of the screen contains the analysis report. Towards the bottom of the page, there are 3 blocks
which shows the options, ‘Back’, ‘Report’ and ‘Next’. The option ‘Back’ aids in returning to the
previous stimuli, the option ‘Report’ helps in display of the phonological processes identified in

the children and the option ‘Next’ is to select the next stimulus in the tool.

The steps for using CAPP-M are elaborated below.

Stepl

Installation of framework: Download Adobe AIR. Install the framework. This is mandatory as
the application software requires this frame work for the working in any computer system. Inter
net access is required only for the installation of the frame work Adobe AIR in the working
system. CAPP-M is available in a CD format. After the installation of the framework, CAPP-M

is compatible for use with any computer system.

Step 2: After installation of the framework, open the file named CAPP-M. First page is the title
page consisting of the title of the software and the contact information. There is a block named
‘Start’ at the bottom right corner of this page. Selection of ‘Next” will enable the user to go to the

next page which has a brief note about the test and instructions to the user.
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All India Institute of Speech and Hearing
Manasagangothri, Mysore, 570 006 "
www.ailishmysore.in

b uterized Assessment of
Phonological Processes in Malayalam

(CAPP-M; 2.0 — 3.6 Years)

2011-2012
Funded by AlISH Research Fund

Figure 2: Shows the ‘Next’ option

Step 3: The user can get a brief introduction regarding the tool from the 2" and the 3 pages
(See Appendix D and E). It gives a comprehensive and brief introduction regarding the use of

CAPP-M.

Step 4: The clinician has to assess the language age of the child to be tested. Language age of the
child can be determined by administering any of the language assessment tools such as Receptive
Expressive Emergent Language skills (REELS, Bzoch & League, 1991) or 3 Dimensional
Language Acquisition Test (3D LAT, Geetha Harlekhkar, 1986) or Scales for Early
Communication Skills for Hearing Impaired children (SECS, Moog and Geers, 1975). Once the
language age of the child is determined, the clinician can select the age range to be tested from

the three options for the age range (ie., 2.0 - 2.6 years, 2.6 - 3.0 years and 3.0 - 3.6 years) as
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shown in Figure (3). Here the user needs to keep in mind that this tool can be used only with

children who fall in the language age of 2 — 3.6 years.

B COMPUTERIZED ASSESSMENT OF PHONOLOGICAL PROCESSES IN MALAYALAM

Select an age range

M

2-2.6 2.6-3

Figure 3: Shows the option for selecting the age range

Step 5: Once the clinician selects the age range, the first target word in the tool is displayed

automatically in picture form along with its various possible production patterns as shown in

Figure 4.
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dotaR dota dotel daters Any Other

l <<Back H Report H Next>> ‘

Figure 4: Shows the first target word and its various patterns of productions

The child to be tested is asked to name the picture stimulus. The clinician has to listen to
the child’s production of the target word carefully and based on the response obtained, the
clinician is expected to click on the various options available to indicate whether the response
was a correct production or was one among the possible error productions displayed on the
screen. If the child produces an utterance which is not an option, the clinician can select the
option; “Any other”. Like this the clinician can test all the test words present in CAPP-M. On
clicking the option for each test word, the phonological process operating in that particular word
is identified and counted by the software itself and the information is displayed on the right hand
corner of the same page. If “Any other” option is clicked, then the process counted would be

under the idiosyncratic process.
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Step 6: Once the selection of patterns for the first word is completed, move on further by
clicking “Next” on the display page as shown in Figure 5. Similarly all the words in CAPP-M
can be tested one after another. If the tester needs to go back, there is an option of “Back” for

selecting the previous test word (Figure 5)

B COMPUTERIZED ASSESSMENT OF PHONOLOGICAL PROCESSES IN MALAYALAM

RETROFLEX FROHTING
FIHAL COHSOHANT DELETIOHN
CLUSTER REDUCTION
GEMINATE CLUSTER REDUCTION

e = Ty

DERHOTACIZATION

naksatRom
natfotoRam natfetom natfetoram natatoRam Any Other

pe——

Figure 5: Shows the option ‘Back’, ‘Report’ and ‘Next’.

Step 7: Once the entire test words are administered, selection of the option ‘Next” will open into

another page highlighted as ‘Finished’ (Figure 6).
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Finished

Start again

Figure 6: Depicts the ‘Finished’ page.

This page has three options. ‘Start again’ option will help the clinician to go back to the
page which displayed the age ranges for selection. The option ‘Report’ gives access to the list of
phonological processes with the frequency with which each process occurred. The next option is

‘Print’ which aids in taking a print out.

Step 8: When the ‘Print’ option is selected, a page is accessed in which the clinician needs to
enter the details of the child (Figure 7). The details include child’s name, case number, telephone
number, child’s provisional diagnosis, age and gender along with name of the child’s home town

in Kerala to know about the dialect of the child.
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Enter Details:

Case Name: | |

Case Number: | |

Telephone Number: | |

Provisional Diagnosis: | |

Age: | |

Sex: | |

Home Town in Kerala: |

Figure 7: Shows the page for entering the details of the subject tested.

Once the clinician fills in these details and clicks on the ‘Print Preview’ option, the page
for print out will be displayed. This page contains all the demographic information along with
the list of phonological processes the child exhibited arranged in descending order of its
occurrence. Clinician can obtain the print out by selecting the block ‘Print’ on the top right hand

corner of the page (Figure 8).
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ALL INDIA INSTITUTE OF SPEECH AND HEARING. MYSORE. 570 006
Back COMPUTERIZED ASSESSMENT OF PHONOLOGICAL PROCESSES IN Print
MALAYALAM (CAPP-M, 2.0-3.6 YEARS)
Case name: XHPY AgelSex: 15years /(M
Case number: g1323
Home Town in Kerala:
Telephone Number:  goooo00000 Alleppey
Provisional Diagnosis: pejayed Speech and L with Hearing Impairment
Pheonological processes identified:
CLUSTER REDUCTION 9 AFFRICATION 1
RETROFLEX FRONTING 8 FINAL VOWEL DELETION 1
STOPPING T MEDIAL SYLLABLE DELETION 1
CORRECT PRODUCTION 3 INITIAL CONSONAT DELETION 1
DERHOTACIZATION 2 HASAL FRONTING [
IDIGSYHCRATIC PRODUCTION 2 LATERALIZATION 1
CLUSTER SIMPLIFICATION WITH EPENTHESIS 2 FINAL COHSONANT DELETION [
CLUSTER SUBSTITUTION 2 DEASPIRATION o
MEDIAL CONSONAT DELETION 2 PREVOCALIC VOICING 1
PALATALIZATION 2 PALATAL FRONTING [ ||
DELATERALIZATION 1 VELAR FRONTING 1
DUCTION 1 BACKING (] E
T'—EEMILIAILELI.ISIER_BF s

Figure 8: Shows the option ‘Print’ in the report page.

Step 9: After the evaluation of one child, the clinician can continue the testing with another child
by selecting the ‘Back’ option in the same page with the print command. This will give access to

the ‘Finished Page’ and the clinician can easily select ‘Start again’ option to restart the test again.

Phase I11: Sensitivity evaluation of CAPP-M

The tool developed named Computerized Assessment of Phonological Processes in
Malayalam (CAPP-M) was verified for its sensitivity. The sensitivity evaluation of CAPP-M was
administered in children with communication disorders. Children with mental retardation and
hearing impairment were selected as the target groups. The administration reveled that CAPP-M

was sensitive to the various patterns of productions of children with hearing impairment as well
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as that of children with mental retardation. That is to say that CAPP-M can identify the most

commonly occurring phonological processes in these children also.

CAPP-M in children with Hearing impairment

Aim of this phase was to see how many of the productions of children with hearing
impairment and mental retardation matched with the various production patterns included in
CAPP-M. CAPP-M assesses phonological processes in children in the age range of 2.0 - 3.6
years. In this age range, the part of the tool that assesses 3.0 - 3.6 years was already developed
and verified for sensitivity by Merin (2010). Hence in this phase only children in the age range of
2.0 - 3.0 years were selected and tested for sensitivity.

Initially the examiner selected a list of children with hearing impairment and children
with mental retardation who were attending speech and language therapy or attending special
school. Receptive Expressive Emergent Language Scale (REELS; Bzoch & League, 1991) was
done in these children. Based on this, children who had language age between 2.0 - 2.6 and 2.6 -
3.0 years were selected for the administration of CAPP-M. 10 children each in both the age
ranges ie., 2.0 - 2.6 years and 2.6 - 3.0 years from both the categories i.e., children with hearing
impairment and children with mental retardation were selected. CAPP-M was administered to
these children to see how many of their productions matched with those of the various patterns
accommodated in CAPP-M. For each subject tested, the number of child’s production that
matched with the templates in the software is counted. Once the number of productions that
matched with the templates in the software is obtained, their percentage score for each subject is
calculated. This percentage score is the percentage of child’s production matching with the

various patterns in the new tool developed. Again mean percentage score was calculated for each
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age range. Higher the percentage score, higher will be the correlation between the child’s

production and the templates in the software. The details of how many productions of these

children matched with the patterns provided in the software are shown in Table 18 (a), (b), (c)

and (d).
Subject Age Duration of Degree of No of productions Percentage
No. (in Speech and Hearing loss which matched with of
years) Language the templates in CAPP- matching
therapy attended M

Subject 1 3.4 8 months B/L Severe HL 27 77

Subject 2 4.0 1.6 years R: Severe HL 29 82
L: Moderately Severe
HL

Subject 3 3.8 1.4 years B/L Moderately Severe 30 85
HL

Subject 4 3.9 9 months B/L Severe Hearing 27 77
loss

Subject 5 4.6 9 months R: Severe HL 29 82
L: Moderately Severe
HL

Subject 6 4.2 1.0 year R: Moderately Severe 31 88
HL
L: Severe HL

Subject 7 3.7 10 months R: Moderately Severe 30 85
HL
L: Severe HL

Subject 8 4.0 6 months B/L Moderately Severe 28 80
HL

Subject 9 4.1 7 months B/L Severe HL 29 82

Subject 10 3.7 10 months B/L Severe HL 29 82

Table 18a: Shows number of productions matching with the templates in the software for

children with hearing impairment in the language age of 2.0 - 2.6 years

In an attempt to see to what extent the child’s production matched with the patterns in the

software, clinician administered CAPP-M to children with communication disorders and

calculated the percentage of the child’s production that matched the templates in the tool as

shown in Table 18a. The results show that the mean percentage score for all the participants

considered for the study was 82%. All subjects except 1 and 4 had a correlation of above 80%,

which means all the participants except these two subjects had their productions similar to the
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patterns in CAPP-M to more than 80%. This study is in consonance with the findings of Gordon-
Brannan, Weiss (2007) who reported a direct correlation between hearing loss and articulatory
skills of the hearing impaired. Subject 1 and 4 have severe hearing loss and attended speech and
language therapy for only 8 and 9 months respectively. Here both the factors, i.e., the degree of
hearing loss and the duration of speech and language therapy attended contribute to the lesser

percentage of correlation between the child’s production and the templates in the software.

Subject Age Duration of Degree of No of productions Percentage of
No. (in Speech and Hearing loss which matched matching
years) Language with
therapy attended templates in
CAPP-M
Subject 1 4.9 6 months B/L Moderately 20 80
Severe HL
Subject 2 4 7 months R: Moderately Severe 21 84
HL
L: Severe HL
Subject 3 5.0 3 months B/L Severe HL 19 76
Subject 4 4.0 5 months B/L Severe HL 20 80
Subject 5 3.10 1 year B/L Moderately 22 88
Severe HL
Subject 6 4.6 1.2 years R: Severe HL 21 84
L: Moderately Severe
HL
Subject 7 4.8 6 months R: Moderately Severe 20 80
HL
L: Severe HL
Subject 8 4.3 4 months B/L Severe HL 19 76
Subject 9 4.9 1 year R: Severe HL 21 84
L: Moderately Severe
HL
Subject 10 5.0 9 months B/L Moderately 20 80
Severe HL

Table 18b: Shows number of productions matching with the templates in the software for
children with hearing impairment in the language age of 2.6 - 3.0 years

Table 18b, suggests that Subject 3 and Subject 8 had a correlation of less than 80%. All

the other subjects in the language age of 2.6 — 3.0 years had a correlation greater than 80%. This
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category includes children who attended therapy from 3 months to 1.2 years and the degree of
hearing loss varied among the subjects. As shown in Table 18b, subject 3 and subject 8 were
found to have lesser correlation (below 80%) between the production of the child and the
templates in the software. These two children were found to have shorter duration of speech and
language therapy (3 months and 4 months respectively), and greater degree of hearing loss
(bilateral severe hearing loss). More the duration of therapy attended, better would be the
articulatory skills and also, more the degree of hearing loss, articulatory skills are found to be
poorer. Here in subjects 3 and 8, both the factors are found to be negatively affecting. Hence
their productions had less similarity with the normal children’s productions on which this new

assessment tool is based.

CAPP-M in children with Mental retardation

Children with mental retardation in the language age range between 2.0 - 2.6 years, had a
mean correlation of 80% between the children’s production and the templates in the tool. Subject
1 had the highest correlation of 88% between the patterns in the tool and the child’s productions.
It is evident from Table 18c that, Subject 1 has moderate mental retardation and attended speech
and language therapy for one year duration. These factors have contributed for the better
performance on CAPP-M. Whereas Subject 3 had the lowest correlation of 71% between the
templates and the child’s production of the target picture stimuli. Subject 3 attended speech and
language therapy for 7 months and had moderate level of mental retardation. This factor might
have contributed for obtaining lower correlation in this particular subject. The results show that
there is a good correlation between the production patterns of children with mental retardation

and the production patterns in CAPP-M.
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Subject No. Age Duration of Level of Mental No of productions Percentage
(in years) | Speech and Language Retardation which matched with of
therapy attended templates in CAPP-M | matching
Subject 1 4.6 1 year Mild 31 88
Subject 2 5.3 10 months Mild 29 82
Subject 3 4.0 7 months Moderate 25 71
Subject 4 6.2 1.1 years Moderate 26 74
Subject 5 7.2 11 months Mild 28 80
Subject 6 7.0 7 months Mild 30 85
Subject 7 6.0 8 months Mild 30 85
Subject 8 4.3 1.8 years Moderate 29 82
Subject 9 5.2 7 months Moderate 27 77
Subject 10 5.5 1.4 years Mild 29 82

Table 18c: Shows number of productions matching with the templates in the software for
children with mental retardation in the language age of 2.0 - 2.6 years

Table 18d reveals that children with mental retardation in the language age of 2.6 - 3.0

years obtained a mean percentage correlation of only 67% between the children’s productions

and the templates in the tool. In this age range, Subjects 3 and 7 had a correlation of 80%.

Subject 3 attended speech and language therapy for 1.6 years and have mild mental retardation.

Subject 7 attended speech and language therapy for 1.5 years and has moderate level of mental

retardation. However all the other subjects had less than 80% correlation. The results indicate

that the correlation between the children’s productions and the patterns in the tool was poorer for

the children with mental retardation in the age range of 2.6 - 3.0 years (67% only). However as

the correlation is above chance factor, the tool can be used to assess children with mental

retardation also. Also the present finding is based on the performance of only 10 subjects with

mental retardation. The correlation scores can possibly improved by administering on a larger

population.
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Subject No. | Age Duration of Level of Mental No of productions Percentage

(in | Speech and Language Retardation which matched with of
years) therapy attended templates in CAPP-M matching

Subject 1 5.3 10 months Moderate 19 76
Subject 2 7.4 1 year Severe 17 68
Subject 3 5.9 1.6 years Mild 20 80
Subject 4 6.5 1.8 years Moderate 19 76
Subject 5 6.0 1.2 years Severe 18 72
Subject 6 5.9 1.1 year Moderate 18 72
Subject 7 6.1 1.5 years Moderate 20 80
Subject 8 6.2 9 months Mild 19 76
Subject 9 7.0 1.6 years Moderate 19 76
Subject 10 7.2 1.4 years Moderate 18 72

Table 18d: Shows number of productions matching with the templates in the software for

children with mental retardation in the language age of 2.6 - 3.0 years
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SUMMARY AND CONCLUSIONS

The present study aimed to develop an indigenous software which assess phonological
processes in the age range of 2.0 - 3.0 years in Malayalam speaking children. After the tool was
developed, the existing similar software (Computer based Assessment of Phonological Processes
in Malayalam for 3 — 3.6 years; Merin, 2010 as part of dissertation) was appended to this newly

developed tool. Thus CAPP-M assesses phonological processes in the age range of 2.0-3.6 years.

Present study was conducted in three phases. Literature reports of several studies to identify the
phonological processes in English and in various Indian languages. In Phase I, normative data
was collected from 120 subjects (60 subjects each in 2.0 - 2.6 and 2.6 - 3.0 years) by
administering the Malayalam Diagnostic Articulation Test (MAT; Maya, 1990). The recorded
samples were transcribed and analyzed and phonological processes were identified. Results
showed that out of the 71 words tested, children errored on 62 test words in the 2.0 - 2.6 years
group and on 55 words in the 2.6 - 3.0 years group. A total of 29 phonological processes were
prevalent in the lower age group and 24 phonological processes were operational in the higher

age group.

There are a number of computer based assessment materials like Computerized
Articulation and Phonology Evaluation System (CAPES; Masterson & Bernhardt, 2001), Hodson
Computerized Analysis of Phonological Patterns (HCAPP; Hodson, 2003) etc in the western
context. In Indian languages first attempt has been made in Kannada language, but was limited to
only the computerized presentation of the test stimuli. Merin (2010) developed ‘Computer based
Assessment of Phonological Processes in Malayalam’ which automatically assess phonological

process from 20 target words. However, the test is for the children in the age range of 3.0 - 3.6
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years only. However this tool made the assessment of phonological processes to be quick and

less laborious.

Phase 1l aimed at the development of the software which is named as Computerized
Assessment of Phonological Processes in Malayalam (CAPP-M) with age range 0 2.0 - 3.0 years.
Based on the normative data obtained, CAPP-M has 35 test words for the age range of 2.0 - 2.6,
25 test words for 2.6 - 3.0 and 20 test stimuli for 3.0 - 3.6 years. On presentation of the picture
stimuli on a laptop computer, the child had to name the stimuli and the clinician had to listen to
the child’s production carefully and select one of the six options provided in the tool ( the
number of options will reduce with increase in age). The six options include IPA representations
of the correct production of the test stimuli, four varied erroneous production patterns based on
the normative data collected and lastly an option ‘Any other’ which corresponds to idiosyncratic
productions. Once the clinician selects any of these options, the type of phonological processes
based on the child’s utterance is automatically accounted by the assessment software. The
clinician can obtain the report by selecting the option ‘Report’ and obtain the hard copy by

selecting the option ‘Print’.

Phase Il was carried out on children with communication disorders to check the
sensitivity of the newly developed computerized assessment software CAPP-M. The testing can
be completed with in duration of 10 minutes for each subject. CAPP-M was administered on 10
children each with mental retardation and hearing impairment in the age range 2.0 - 2.6 years and
2.6 - 3.0 years. Hence totally 40 children were included for the sensitivity evaluation. Results
showed that a mean correlation of 82% in children with hearing impairment and 80% in children
with mental retardation in the age range of 2.0 — 2.6 years. In the 2.6 - 3.0 years group, children

with hearing impairment had a mean correlation of 81%, while children with mental retardation
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had a correlation of 67% only between the children’s production of the target stimuli and the
templates in the tool developed. However the tool can be tested on a larger clinical population to
establish its clinical validity. Phase 111 was helpful in testing the sensitivity of various patterns of
productions considered in the assessment software on children with hearing impairement and

mental retardation.
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Appendix A

(The test stimuli for the age range of 2.0 — 2.6 years)

SL CORRECT PATTERN PATTERN | PATTERN 3 | PATTERN
NO | PRODUCTION 1 2 4

1 doktaR dotaR dota dotal dotars
2. Roda rods dods dods

3. kinar kinal kina kinan kinara
4. maddalem madalom madalam | maddalam

5 nakssatRam | natfatsRam | natfatem | natfataram | natataRam
6. udupa upa

7. basa batfs bata bafs

8. Rlban rlban rlban riba rlbam
9. jefu etfu gtu

10. IoRI lorl dorl [oll

11. alomarl amarl alarl 9jomarl alomajl
12 tfevl tevl tfebl tebl evl
13. simham tf/imam timgam timbam simgam
14. s3dzi t3dzi [3d3i t[3d3i 3dzi
15. surjen turjen tfurjen Jurjen tfujen
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Appendix A (Continued)

(The test stimuli for the age range of 2.0 — 2.6 years)

16. kasera katfera katera kafera katela
17. p"alam palam balam panam

18. | radzave radava radava dadzava

19. tferupa tfeps tfeupa terups tepa
20. J3k"s t5k"s t/3k"s 3t

21. meJa metfa meta mesa

22. kogi koi koli koli

23. Redlo redlo redl dedlo reo
24, uRidba Gbas uriiba udiiba

25 kaR kar a kal kaj a

26. | tfadran | tfad aren tfadan tfad sanan

27 pRava pava paba pRabas

28. | tfekReam | tfokaRam tfokam tfokram kakRam
29. patRam patsRam patem patarom

30 saRto tata tfata taRta JoRta
31 bRass batfs bata bafs bRaf?
32. | pustakam | putakam | putfakam | pufakam putam
33. skutaR kutaR kutal kutars tfutal
34. biskata blkata blfkata blt/kats

35. | vast Ram | vastaRam | vastam vast aram | vast am
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Appendix B

(Test stimuli for the age range of 2.6 — 3.0 years)

SL. NO CORRECT PATTERN 1 | PATTERN 2 | PATTERN 3 | PATTERN 4
PRODUCTION
1 doktoR dotaR dota dotal
2 moddalom modalom madalom
3 noksotfRom | notfotpRom | notfotpm | nofofpRom | notfotprom
4 basa batfo bl bafo
5 RIbon rIban rIban rIba rlbom
6 jefu etfu £ty
7 I6RI lorl 1611 1odI torl
8 sImhom t/Tmom {Imgom slmam sImgom
9 s3d3i t3dsi [3d3i tf3d3i
10 surjen furjen tfurjen furjen tfujen
1 kosera kotfera kotera kofera
12 I3k"s 13k tf3k" satp
13 meJa metfa meta
14 Redlo redlo edlo dedlo
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Appendix B (Continued)
(Test stimuli for the age range of 2.6 — 3.0 years)

15 | uRibe iibo uriibo udiibo ujiiba

16 | tfodron | tfodoren | tfoden | tfod.ajon

17 pRava pave pabo

18 | tfokRom | tfokoRom | tfokom | tfokrom | tfokojom

19 | patRom | patpRom patom patprom | patpjom

20 SoRto oto tfoRto toRto foRto

21| bRoso botfo batp bafs bRof5s

22 | pusokom | pufpkom | pytfskom | puftokom | putfom

23 skutaR kutoR sutoR tutaR tfutoR

24 | blskoto blkoto bl fkato bltfato

25 | vostRom | vestpRom | votRom | valoRom | vofom
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(The test stimuli for the age range of 3.0 — 3.6 years)

Appendix C

SL. Correct 1 2 3

No | Production
1 doktoR dotoR dokipR dotpR
2 noksotRom | nafotpRom | noktfstRom | notfatpRom
3 sImhom sImgom tfImom t/Imgom
4 bRago batfo bRofo bafo
5 pustekem putekem puftokom putfokom
6 blskato blkoto blfkata
7 vast Rom vastpRam vol Rom vot,oRom
8 $oRtd tfoRto JoRto IoRto
9 patRom patoRom pat am -
10 tf 3d.ron tf 3d.oron tf3don .
11 skutaR kutaR tfutoR -
12 pRava pava paRva -
3| tfokRom | tfokoRom tfokom kokoRom
14 baso bafo botfa botp
15 kosera kofera kotfera kotgra
16 sad3i tadsi tadi -
17 139" tf3g" 3g" -
18 mefa metfa mefa .
19 surjen furjen furjen tfurjen
20 efu etfu el .
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Appendix D

(Brief Introduction on CAPP-M)

B COMPUTERIZED ASSESSMENT OF PHONOLOGICAL PROCESSES IN MALAY ALAM

About CAPP-M
/

+ User fria?dly software, quick and effortless assessment of

— phonological processes.
— &
+ Assesses phonolo ical p sses in 2g0-3.6 years old
M*ayalam spea hil 4 \
+ Assesses 24 phonological processes in 2.0- 2 , 17 in 2.6- —_—
3.0 years and 9 in 3.0-3.6 years.
—

\ + Each target word contains a picture stimuli along wil its
correct production and different erroneous productiorts (4 for

2.0-3.0 years and 3 for 3.0-3.6 ye%
+ An option ‘Any other’ is also provided accounts for

idiosyncratic productions. /
’ ' -
-
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Appendix E

(Instructions to the users)

B COMPUTERIZED ASSESSMENT OF PHONOLOGICAL PROCESSES IN MALAYALAM

Instructions 18 the user

N\
. . CAPQM requires Adobe AlR(downloadable) for its running.

*  Onthe opening page there are 3 age ranges specified, from w&ch the clinician
has to select one depending on the language age of the child.

. (bpresentation of each targwture stimuli, child/subject has to name it, the

clinician has to listen to it carefully and click on one of the options that
matches best with the\child’sﬁbduction. —

* Following this, the type of phonological process will be automatic.
on the screen.

« At the end, clinician has to clidgon ‘Print’ option and fill the details of the client
and click on ‘Print preview' to 3btain the final regort which can be printed.

+  The clinician can go back to the beginning of the test by selecting ‘Start again’

option.
&
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