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Abstract

Background: phonological disorder. Aim: to apply the percentage of correct consonant
(PCC) index and to verify the correlation between thisindex and the one applied perceptual ly
by judges. Method: the PCC index of 50 phonological disordered subjectswas calculated,
after 60 judges heard the phonological tests for each subject and perceptually attributed
the severity. Results: the PCC index varied from 40% to 98%, with the predominant
classification of thepopulationinthemild and mild-moderatelevels. Conclusion: acorrelation
between the perceptual judgment and the PCC indexes exists.

Key Words: Language Development Disorders; Assessment; Diagnosis; Severity.

Resumo

Tema: distdrbio Fonolégico. Objetivo: aplicar o indice de gravidade de Porcentagem de
Consoantes Corretas (PCC) e verificar a correlagdo entre este indice e o aplicado
perceptivamente pel osjuizes. Método: cal culou-se o indice de gravidade PCC de 50 sujeitos
diagnosticados com disturbio fonol 6gico, apds 60 juizes ouviram as provas de fonologia
de cadasujeito e julgaram perceptivamente agravidade. Resultado: o indice PCC aplicado
aos suj eitos obteve umavariagéo entre 40% e 98%, com umacl assificagdo predominanteda
populacdo nos graus leve e levemente moderado. Conclusdo: existe correlacéo entre o
julgamento perceptivo dos juizes e os valores do indice PCC.

Palavras-Chave: Transtornosdo Desenvolvimento daLinguagem; Avaliacdo; Diagndstico;
Gravidade.
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Introduction

Studies indicate that among the speech and
language disorders, the phonological disorder is
of great occurrence in the children’s population
(Shriberg e Kwiatkowski, 1994; Gierut, 1998).Thus,
there is a major concern with children’s speech
and language that, many times, become hard to
understand. It is recommended that the
phonological disorder must be detected during
infancy, once very often, subjects with
phonological disorder have phonological
sensitivity alteration and, later, when they are
exposed to literacy, they can have phonological
awareness disorder, affecting the learning of
reading and writing (Gierut,1998; Wagner et al.,
1999).

The phonological disorder is defined as a
speech disorder characterized by an inadequate
sound production and use of phonological rules
of a language, regarding the sound distribution
and the type of syllable, resulting in the collapse
of phonemic contrasts and affecting the meaning
of the message. The cause of the phonological
disorder isunknown and thereisavarying degree
of severity and speechintelligibility (Pefia-Brooks,
Hedge, 2000; Wertzner, 2002).

For the diagnosis of the phonological disorder
it is necessary, besides the identification of the
phonetic inventory of the child, to analyze the
syllabic structures verified in the child’s speech
sample and the sound distribution in these
structuresaswell asin thewords, pointing out the
phonological rules used by him/her and the
contrasts that he/she maintainsin the speech.

From the linguistic point of view, the literature
indicatesthat children with phonological disorders
have similar speech characteristics, such as
reduced sound inventory, simple syllabic
structures, and use of a limited number of
phonological processes, usually similar toanormal
child, and some use idiosyncratic processes.
Children with phonological disorder present a
different sequence of phonological acquisition
when compared with a normal child, and have
difficulty in phonological contrast maintenance,
showing a great variability in his/her production
(Stoel-Gammon e Dunn, 1985).

Furthermore, Fey (1992) states that a
phonological acquisition deficit suggests potential
difficulties in several levels, including phonetic
discrimination, phonological contrasts recognition
and its representation in lexicon, changes of
standard sounds of speech through theinadequate
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use of phonological rules, and imprecise
articulation, among other factors.

Lamprecht (1995), pointsout that the child with
phonological disorder has particular
characteristics, such as: higher incidence of
phonological processes than a child with normal
development; the phonological processes may
persist for a longer time; the phonological
processes from the beginning of the acquisition
may occur at the sametimeasthelatter ones, or be
suppressed later; and higher co-occurrence of
several processes at the same moment.

According to Bowen (1998), the phonol ogical
system of children with phonological disordersis
similar to the normal children’s one, and in some
cases, there are phonological processes that are
not observed regularly in development. It is
believed that each child develops language in a
particular way and with agreat individual variation,
although it is expected acertain peculiar sequence
and speed in the phonological development.

The classification of the severity of
phonological disordersisavery discussed matter
in the literature.

According to Hodson and Paden (1981), the
severity of a phonological disorder varies
according to the number and the quality of
phonological processes used, and the level of
speech intelligibility.

Some studies demonstrate the concern with the
severity classification, such as the Shriberg and
Kwiatkowski’s (1982) study that points out the
necessity of procedures to quantify the severity
and the impact of the communication disordersin
the diagnostic classification system, in the
intervention planning directed to the child’'s
difficulties, and in the therapeutic control.

Shriberg and Kwiatkowski (1982) used the
Percentage of Correct Consonant index (PCC),
cal culated from spontaneous speech samples. This
measureisone of the components of the diagnostic
classification system described by the authorsand
reflect the severity of the phonological disorder in
an increasing scale.

The PCC index valuesincludes four degrees of
severity: mild, corresponding to more than 85% of
correct consonants; mild-moderate, varying
between 85 % and 65%; moderate-severe, varying
between 50 and 65%; and severe, below 50%.

In this same study, the authors (op. cit)
evalueted 30 samples of continuous speech of
children from 3 to 9 years-old. The PCC index and
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the perceptual judgment of the severity degree
were applied. It was verified that there is
concordance and stability in the perceptual
judgment, besidesthe existing corel ation between
the judgment and the PCC index.

Inanother study, Shriberg et a. (1986) analised
114 subjectswith phonological disorder regarding
the severity (measured by PCC) and the speech
intelligibility. They concluded that the PCC values
for small children with phonological delay were
consistently associated with the age, and
approximatelly 80% of the uttered words were
inintelligible.

In 1991, Hodson and Paden proposed a severity
classification applying the concept that the speech
disordersarepart of acontinuum. They considered
that:

. the profound degree is characterized by many
omissions and some substitutions;

. the severe one presents many substitutions and
some omissions;

. the moderate has some characteristics of themild
and the severe degrees; and the mild shows
sibilant distortionsand slight changesin the place
and manner of articulation.

Hodson and Paden (1991) suggested that the
use of the Phonol ogical Disorder Scoreindex (PDS)
wouldindicatethe severity. Thismeasureisbased
on the frequency of occurrence of phonological
processes chosen by the child and is calculated
fromthe production of isolated words. The authors
performed a comparative study between the
severity measures of PCC, PDS and the listener’s
perception. Twenty children from 5 to 9 years of
age with varying degrees of severity took part in
this study. Each child was asked to tell a story
based on sequenced cards and the authors used
between 2 minutes, 30 seconds and 3 minutes, 30
seconds of the spontaneous speech. The results
indicated ahigh correlation between thelistener’s
evaluation and the PCC and the PDS in isolated
words, suggesting that the standardization of
isolated words as the result of a test can be
worthwhileand clinically used asan instrument in
the phonological disorder evaluation.

Garret and Moran (1992) compared the severity
of the phonol ogical disorder in 20 children through
five measures: the phonological disorder score
(PDS), the Percentage of Correct Consonant (PCC)
in spontaneous speech andinisolated words, and
the perceptive analysis of two groups of judges
(one of them comprised by 10 graduated in
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elementary education and the other by 10 speech
pathologists). The judges were instructed to
choosethe pertinent severity degree of each child’s
disorder, from 1 (mild) to 7 (severe). Likewisein the
Shriberg e Kwiatkowski’ sstudy (1982), it wasfound
a high correlation between the indexes and the
perceptual judgment of the judges.

Morrison and Shriberg (1992), found statistical
differences between the articulatory precision
profiles measured with the PCC index for the
articulation tests, in isolated words and in
continuous speech. All linguistic levels were
analysed, including the precision, the phonol ogical
processes, the individual phonemes, the types of
errors, the word positioning, and the allophones.
The stable soundswere frequently produced with
higher precision in spontaneous speech, whilethe
emergential sounds presented higher precision as
a response for the articulation tests’ stimuli. In
general, the continuous speech seemed to be more
associated with elimination errors, specially of
consonants in the final position of the word, and
with the increase of errors involving groups and
atonic syllables.

Another phonological severity measureisthe
“Process Density Index” (PDI) (Edwards, 1992),
which is the mean of phonological processes in
oneword. ThePDI isaninversemeasurefrom PCC,
since the PCC is a correct production measure,
while the PDI is based on incorrect productions.
The PCC isabinary measure, based on the simple
distinction between correct/incorrect; on the
contrary, the PDI considers the fact that a single
incorrect sound can result in the applying of one
or more processes. Although it is necessary more
refinementsand moretests, the PDI can beseen as
ameasure of great clinic potential for phonological
severity and/or intelligibility (Edwards, 1992).

Applying the PCC index in children with
phonological disorder, Shriberg and Kwiatkowski
(1994) observed that over half of the children (54%)
presented mild-moderate degree of severity,
approximatelly one third of them (32%) presented
moderate-severe degree, and the rest of them (10
to 15%) presented mild and severe degrees of
severity.

Shriberg et al. (1997) proposed a revision of
the PCC, aiming at a better adaptation for the
diferential diagnosisof the phonological disorders
subtypes. Accordng to the considered type of
error, they suggested: PCC — common or
uncommon distortions, omissions and
substitutions are considered as errors; Adjusted
PCC — common distortions are not considered as
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errors; and Revised PCC — does not accept any
type of distortion as error. To test these indexes,
the authors used 836 tapes of subjectsfrom 3to 40
yearsof age, with normal or altered speech, aiming
at a diagnostic classification based on the
instrument of Speech Disorder Classification
System (SDCS). The study pointed that the PCC-
R isthe best articulatory competence measure for
childrenfrom 3 to 8 years, sinceit providesabetter
separation between children with normal speech
acquisition and those with late speech
development, and it indicates only the omissions
and substitutions errors. The authors observed
that childrenwith normal acquisition presented 37%
of elimination and substitution errors, while
children with late speech presented 82% of these
types of errors.

Inastudy carried out by Wertzner et al. (2001)
with 22 children from 4:5to 6:1 years of age, there
was only one child with a severe degree of
phonological disorder (4,5%), 8 subjects (36,3%)
presented mild-moderate degree, 7 subjects
(27,2%) presented moderate-severe degree, and 6
subjects presented mild degree.

The severity categories of PCC (mild, mild-
moderate, moderate-severe, and severe) proposed
by Shriberg and Kwiatkowski (1982) was designed
for the English languge. For its aplication in the
Portuguese language, further studies are
necessary. Inthisregard, some studies have been
carried out with normal speech development
children (Dias and Wertzner, 2000; Wertzner and
Galea, 2002) and with children with phonological
disorder (Wertzner et al., 2001: Wertzner, 2002)
using the PCC classification.

There are some studies in the literature about
the most prevalent age or gender in phonological
disorder. Among them, Shriberget a. (1999) studied
6:00years-old childrenwith phonol ogical disorders
and verified that the prevalence rate of
phonological disorder at thisage was 3,8%, and it
was 1,5 times more prevalent in boys (4,5%) than
ingirls(3,1%).

Wertzner and Oliveira (2002) studied 20
children with phonological disorder, 8 boys and
12 girls, and found that 15% of the subjects were
under 4:00 years of age; 15% were between 4:00
and 4:11 years-old; 40% between 5:00 and 5:11
years-old; 20% between 6:00 and 6:11 years-old;
and 20% over 7:00 years of age. Papp (2003) found
higher occurrence of phonological disorderinmale
subjects, with age varying between 5:00 and 7:00
years. The phonological disorder may have as
causal factors: positive family history, hearing
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problems, otitiswith efusion, and pré and peri-natal
problems (Shriberg, 1999; Fox et al., 2002; Wertzner,
2002).

As demonstrated by the studies mentioned
above, for aprecisediagnosis, aswell asfor abetter
intervention planning, it is necessary to use
severity indexes associated with the perceptual
classification of the severity. Thus, the main
purpose of the present research was to use the
PCC'’s severity index, as well as to verify the
correlation between this index and the the one
perceptually applied by the judges.

Method

The research was accomplished in two parts.
In afirst moment the Phonology tests data were
collected and analysed, and afterwards, thejudges
performed the perceptual judgement of the severity.
The Research Projects Ethics Committee - CAPPesqg
of the Clinical Board of Hospital das Clinicas and
the Medicine Faculty of University of S&o Paulo
approved the first part (protocol 286/99) and the
second part of the research (protocol 950/00). All
parentsor legal guardiansof the participantssigned
the informed-consent.

Subjects

Fifty subjects from 4:00 to 11:00 years fo age,
with phonological disorder diagnosed in the
Laboratory of Speech and Hearing Pathologies
Investigation of the University of S&o Paulo, took
part in thisresearch.

Sixty judges, graduation and post-graduation
students of the Speech and Hearing Pathology
Course, also participated: 12 judges from the 1st
year of the Course (group J1); 12 judges from the
2nd year (group J2), 12 judges from the 3rd year
(group J3); 12 judgesfrom the 4th year (group J4);
and 12 M Sc students (group J5).

Procedures

After the diagnosis of the phonological
disorder and the signing of the informed- consent,
the phonology protocols of the Child Language
Test ABFW (Wertzner, 2000) were used to cal cul ate
the Percentage of Correct Consonant index (PCC),
proposed by Shriberg and Kwiatkowski (1982), with
some adaptations for the Portuguese language
indicated by Wertzner (2002).

Therefore, for the calculation of the PCC only
the consonants that the child was intended to
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produce in the word must be considered. The
consonants of repeted syllables in the word, and
those occured in partial words, completelly
inintelligibles or unclear, must not be accounted.
The addition of a consonant before avowel must
not be calculated, once only consonantsare being
considered.

Chart 1 displays the types of changes in
consonantal sounds considered asincorrect inthis
research. As Shriberg and Kwiatkowski (1982)
stressed, for a child with speech errors, a correct
sound must be accounted only when it was surely
adequate produced. Therefore, questionable
sounds must be classified as errors. The regional
variations, allophones, and intentional junctions
performed by the child must be considered as
correct.

Chart 1. Productions considered as errors in PCC accounting.

eliminag&o da consoante
substituicdo da consoante por outra

sonorizagdo ou endurdecimento parcial da consoante
distor¢éo do som ndo importa o quanto seja sutil; considera-se as distor¢des

comuns e incomuns
adicdo de um som a um padréo consonantal

To proceed with the PCC calculation, it is
necessary to compute the consonants of thewords
that the child really produced. If the child failsto
say any word, the consonants of this word must
be deducted from the calculation. The categories
of PCC determined by Shriberg and Kwiatkowski
(1982) are: mild - over 85%; mild-moderate- between
65% and 85%; moderate-severe - from 50 to 65%
and, severe below 50%.

Afterwards, the video tapes with the
phonology testsrecordingswere presented tothe
judges. Thetapeswererecorded withadigital video
camera Sony CCD-TRV66 and were edited
according to the selected presentation order. In
order to watch the videos, the goups of judges
were rearranged in 3 groups, each of them with 4
judgesfrom Ji1, J2, J3, J4 and J5, totalizing 20 judges
per group. Thevideo presentation order was draft
for each group, so that the same subject would not
be presented in the same order for the 3 groups.

The subjects’ video tapes were presented to
the judge groups in three sessions of one hour
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and thirty minuteseach, in order for them to indicate
the severity degree of the disorders. Information
about gender and age were given. After listening
totherecordings, thejudgesfilled out the protocol
of severity degree for each subject, according to
the following posibilities: mild, mild-moderate,
moderate-severe, and severe.

The association between the variables was
verified using the Spearman Correlation test and
the Kappa test. The Kappa test measures the
concordance between the variables (KappaH"1,
maximum concordance). The Spearman correlation
test indicates the dependency between the
variables. The intensity of associaation is given
by the correlation coeficient.

In order to verify the equality of the judges
responses for the severity judgement and for the
intelligibility, thevarianceanalysisof ANOV A was
used with repeated measures in one factor (there
is equality between the means if pd”0.050), and
when it was observed inequalities between the
means of the groups, the multiple comparisons of
Bonferroni method were performed (there sequality
if pd”0.050).

Results
Severity classification by PCC

Table 1 showsthedesriptivevaluesof thePCC
index in the two phonology tests of the Child
Language Test ABFW (Wertzner, 2000) and the
valuefor thetotal of thetwo tests. Infigures1 and
2 it is possibleto observe the number of subjects
in each of the severity degrees proposed by
Shriberg and Kwiatkowski (1982), and to verify that
the subjects distribution regarding the severity
degree was similar in the two tests.

Perceptual judgment of the severity

Thejudges of each group classified the severity
of the subjectsaccording to the requested degrees.
Figure 3 shows the classification, considering the
mode of the 60 judges’ judgment.

Inferential analysis of the perceptual
judgements of the speech severity of the 50
subjects were performed to verify the equality of
thejudges’ responses.

In order to verify the equality of the responses
given by the judges of the 5 groups, the variance
analysiswith repeated measuresin one factor was
used. A significance level of 5% allowed to
conclude that there were evidences of difference
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between the 5 groups (p < 0.001). In order to verify
which groups differed, the multiple comparisons
of Bonferroni method were performed (Table 2),
and it was possibleto observethat on averagethe
J1 differed only from the J4. The J2 on average
presented different responses than J3, J4 and J5.
The J3 judges on average classified the severity
the same way as the J5, and differently than J4.
Finally, the J4 and J5 on average didn’ t present the
sameresponsesin the classification of the severity.

Mean value of PCC according to the perceptual
judgment of severity

Considering the subjects severity degree
specified by the judges and the calculated value
of PCC, it was obtained the mean PCC for the
studied sample. It can be seen in table 3 the mean
PCC for each judge group, and in table 4, the mean
valuegiven by the 60 judgesfor the studied sample.

Association between the PCC index and the
severity degree chosen by the judges

Figures 3 to 8 show the Box plot between the
PCC and the perceptual judgment of the severity
chosen by the judges. It can be observed that as
the severity judgment increases, the PCC
decreasesin all groups of judges.

The Spearman Correlation test was used in
order to verify the association between the PCC
index and the perceptual judgment of the severity,
considering the PCC val ues of the 50 subjectswith
phonological disorder and the mean scores of
severity given by the judges of each group. Table
5 shows the values that indicate high negative
correlation between the PCC and the severity
judgment for all groups, with p<0.001 in all
situations. Thus, the higher the severity score
given by the judges, the lower the PCC.

Agreement between thejudgesfor the severity
judgment was studied inter and intra-groups, using
the Kappa test that measures the concordance
between the variables (Kappa H”1, maximum
concordance). The results are shown in tables 6
and 7. It can be observed that in both situations
the concordance was low.
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TABLE 1. Descriptive statistica of PCC index applied in the imitation and
naming tests.

Média Desvio Padréo | Méaximo Minimo
imitacdo 82 12 97 46
nomeagéo 81 13 98 40
meédia das provas 81 12 97 43

TABLE 2. Severity — multiple comparisons by Bonferroni method.

Grupo Nivel Descritivo (p)
1 2 > 0,999
3 > 0,999
4 < 0,001
5 0,743
2 3 0,015
4 < 0,001
5 < 0,001
3 4 < 0,001
5 > 0,999
4 5 < 0,001
TABLE 3. Mean PCC for each group of judges.
PCC Médio (%)
grau atribuido J 2 B3 N NS}
leve (1) 83,8 83,9 82,8 85,3 84,2
levemente moderado (2) 82,5 81,9 81,8 73,3 81,5
moderadamente severo (3) 78,1 81,0 79,3 80,4 78,4
severo (4) 67,1 64,6 69,4 79,9 72,7
TABLE 4. Mean PCC for the 60 judges.
Grau Atribuido PCC Médio (%)
leve (1) 84,0
levemente moderado (2) 80,2
moderadamente severo (3) 79,5
severo (4) 73,7

TABLE 5. Spearman correlation between the PCC and the perceptual
judgment of the severity.

Juizes Correlagdo
J1 -0,73
2 -0,71
NS -0,67
K -0,67
N3 -0,67
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TABLE 6. Inter-group concordance for the severity.

Intergrupo kappa

Jlelk 0,168

JleX 0,184

Jlel 0,168

JleXs 0,166

el 0,167

Rel 0,163

ek 0,158

Bel 0,165

Bekb 0,182

Melb 0,163

todos os grupos 0,163

TABLE 7. Intra-group concordance for the severity.

Intragrupo Kappa
NIl 0,194
N, 0,158
N 0,184
N 0,177
N3 0,170

FIGURE 1. Subjects distribution according to the severity degree
by PCC.

moderadamente
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FIGURE 3. Box plot of PCC (%) by the score modes given by the
60 judges.
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FIGURE 2. Perceptual judgement of the severity.
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FIGURE 5. Box plot of PCC (%) by the score modes given by
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FIGURE 6. Box plot of PCC (%) by the score modes given by
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FIGURE 7. Box plot of PCC (%) by the score modes given by

the group of judges J4. the group of judges J5.
100 .100
" 95 95
| &S =
P i
c 7 C 75
C ;
C 65 5 65
(%) _
55 56
45 . . : . < outliers a5l
35 moda dos escores 35 moda dos escores
Discussion

The results showed that the PCC index
(Shriberg and Kwiatkowski, 1982) applied to
Brazilian Portuguese speaking subjects with
phonological disorder had avariation between 40%
and 98%, with a predominant classification of the
population inthe mild and mild-moderate degrees.
These data agree with the ones described for the
English language, where the moderate-severe and
severe degrees are less frequent in children with
phonological disorder (Shriberg et al., 1986;
Shriberg and Kwiatkowski, 1994).

Considering the study performed withBrazilian
Portuguese speaking children, without complaint
about the acquisition of the phonological system,
Dias and Wertzner (2000) observed that, for 4:1
years-old children, the mean PCC was 91%, and
for 5:1 years-old children, the mean PCC was 93%.
Therefore, in the present research it was verified
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FIGURE 8. Box plot of PCC (%) by the score modes given by

that children with phonological disorder were below
the expected compared with children without
phonological disorder.

Once the PCC index was studied in English
speaking children and compared to the judgment
of American speech pathologists, in thisresearch,
besides the application of the index, as showed
above, it was observed how the Speech and
Hearing Pathology Course graduation and Master
students (J1, J2, J3, J4 e J5) classified the
phonological disorder presented by the studied
subjects.

According to the judgment of the 5 groups of
judges, the classifications of mild-moderate, mild,
moderate-severe and severe were registered, in
descending order of subjects. Comparing the
groups of judges, it was verified that, on average,
theresponses of the groupswere different for the

Wertzner et al.



Pr6-Fono Revista de Atualizacdo Cientifica, v. 17, n. 2, maio-ago. 2005

50 subjects. It was noted that this difference
occurred for the group J4, comprising graduation
students of the 4th year of the Speech and Hearing
Pathology Course. This difference may be due to
the fact that, at that moment, those students were
beginning the training process on phonological
disorder diagnosis and treatment, and were more
rigorous and critic regarding the expectation of the
subjects.

The correlation between the PCC values and
themean values of severity judgment of each group
of judges was high. This showed that as the PCC
value decreased, the severity degree given by the
judges increased. This data indicates that the
perceptual judgment of thejudges may beusedin
the diagnosis of phonological disorders. Similar
results were found by Shriberg and Kwiatkowski
(1982) and Garret and Moran (1992).

The mean PCC of the subjects, according to
the severity degree given by the judges, showed
that for all groups, the mean PCCs of the mild and
mild-moderate degrees were very close; the same
happened with the moderate-severe and severe
degrees. This may have occurred due to the
difficulty to determine perceptually slight
differences that are measured objectively. It is
important to stressthat, on average, the PCC values
decreased regarding the increase of the severity
degree given by the groups of judges, except the
J4. The mean PCC for the 60 judges showed
difference between the four severity degrees,
although these values were very close and didn’t
demonstrate similarity with those presented by
Shriberg and Kwiatkowski (1982).
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