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Abstract
Background: speech intelligibility evaluation. Aim: to develop and validate items for a speech intelligibility
assessment scale based on the speech of individuals with phonological disorder (PD) who present common
phonological repair strategies (RS) in the Brazilian Portuguese language (BP), through the testing of its
effectiveness in classifying the speech of these subjects. Also to observe the speech intelligibility generated
by the use of RS and possible interference of factors such as gender, age, literacy and contact of the judges
with children. Method: spontaneous narratives of five children with typical PD and one control subject
were recorded in a compact disc (CD) and presented to 103 judges, with normal hearing abilities, with ages
ranging from 18 to 39 years and with elementary, high-school and undergraduate backgrounds. Results:
results indicate the statistical validity of the scale and that the type of RS if fundamental for speech
intelligibility. There was no statistical interference of the investigated variables of gender, age, literacy
and contact with children in the performed judgments. Conclusion: the scale items were validated and
demonstrated efficacy in the assessment of speech intelligibility of the studied cases.
Key Words: Speech; Speech Intelligibility; Speech Disorder.

Resumo
Tema: avaliação da  inteligibilidade de fala. Objetivo: esta pesquisa objetivou desenvolver e validar itens
para uma escala de inteligibilidade de fala a partir da fala de sujeitos com distúrbios fonológicos (DF) que
apresentassem estratégias de reparo (ER) frequentes em Português Brasileiro (PB), através da testagem de
sua eficácia para classificar a fala desses sujeitos. Também observou a inteligibilidade de fala gerada pelo
uso das distintas ER e a possível interferência de variáveis como sexo, idade, escolaridade e contato com
crianças entre os julgadores das amostras de fala. Método: assim, narrativas espontâneas de cinco crianças
cujas falas representassem casos clínicos típicos e a de um sujeito controle foram apresentadas em
compact disc (CD) a 103 juízes adultos, com habilidades auditivas normais, entre 18 e 39 anos de idade,
com escolaridade fundamental, média e superior. Resultados: os resultados demonstraram a validade
estatística dos itens da escala e que o tipo de ER é fundamental no processo de inteligibilidade. Não houve
interferência estatística das variáveis sexo, idade, escolaridade ou contato com crianças nos julgamentos
realizados. Conclusão: os itens da escala foram validados e demonstraram eficácia na avaliação da
inteligibilidade de fala dos casos estudados.
Palavras-Chave: Fala; Inteligibilidade; Transtorno de Fala.
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Introduction

Communication disorders widely affect children
and adolescents and may represent a prevalence of
29.1% of speech disorders¹. Some studies include
familial profile², genetic aspects³, impact on quality
of life and on relationship with family members, as
well as participation in the therapeutic
process4,5,6,7,8,9. Other studies analyze several
clinical characteristics such as
neuropsychologica10,11,12,13,14,15 and
audiological16,17 aspects but few investigate the
consequence of speech disorder on speech
intelligibility given its difficult measument18. Among
the variables that affect speech intelligibility are the
type and frequency of phonemic errors, the similarity
or not of the segment produced with the target
phoneme in the speech samples. Regarding the raters
who evaluate the speech samples, their experience
in analyzing children's speech (typical or atypical),
their knowledge about the speaker and the
production context18 have been reported to affect
speech intelligibility ratings.

Several studies on the Brazilian Portuguese (BP)
language have addressed the issue through the
analysis of speech samples carried out by Speech-
Language Pathologist19-21 or by layman22-23 raters.
It is common, in all such studies, the analysis of the
phonological processes impact on speech
intelligibility as well as the evaluation of scales
measuring intelligibility24.  In the current study, the
validation of items for the speech intelligibility scale
carried out on the study by Collares25 is described.

From such theoretical considerations, the
main purposes of the study were to develop and
validate items for a speech intelligibility scale and to
test the effectiveness of the items of the scale in
classifying the speech of these subjects. In relation
to the raters, the possible interference of variables
such as gender, age, education and contact with
children from the sample was analyzed.

Method

This study is part of the research project entitled:
Phonological Disorders: characterization,
assessment and therapy, under responsibility of
Dr. Ana Paula Ramos de Souza, approved by the
Institutional Ethics Committee - protocol number
2002-107.

Inclusion and exclusion criteria of subjects
whose speeches were rated

Six subjects participated in the study: one child
with typical phonological acquisition and five

children with Phonological Disorder (PD) aged
between four and nine years of age. All subjects
were monolingual native speakers of BP. The
subjects with PD were patients of the school clinic
of Porto Alegre and the control-subject was from
the city of Porto Alegre. The selection of subjects
with PD was made based on phonological
assessment and selection of common ER in
phonological acquisition of BP based on studies
on the prevalence of ER in this population 22,23.
The control-subject was a convenience sample, i.e.
a child known to one of the authors.

Parents of subjects authorized their
participations in the study and signed a consent
form allowing data collection with guaranteed
confidentiality and volunteerism right.

The method of selection of subjects was based
on the results of the childhood phonological
assessment6, i.e.; speech samples of the children
were elicited by pictures and were evocatively
recorded, phonetically transcribed, and were
analyzed for contrast target in PB and repair
strategies presented. The selected subjects were
distributed regarding the ER:

. subject 1 - Devoicing: This subject exclusively
presented ER in 100% of the production of plosives,
fricatives and sound affricates as voiceless.
. subject 2 - Velar Plosives Anteriorization: ER in
which / k / and / g / were substituted with / t / e / d
/ respectively.
. subject 3 - Stopping, Deletion and Semi-
vocalization of Initial, Final, and Intervocalic
Liquids, and Reduction of Complex Onset:

Stopping was observed in 65% of the
production of fricatives and affricates.  The
remaining 35% were distributed among deletions,
or affrication or nasalization of fricatives. The
subject deleted the liquids in 50% of the
possibilities, presented semi-vocalization of liquids
in 36%, and 14% of the time the subject replaced
the non-lateral liquid by the lateral one. The complex
onsets were reduced in 100% of the possibilities.
The use of metathesis was occasionally observed.

. subject 4 -  Completed Phonological Acquisition,
without ER.
. subject 5 - Palatal Fricative Anteriorization - the
palatal fricatives were anteriorized in 100% of
possibilities for the alveolar / s / and / z /.
. subject 6 - Deletion of non-lateral Alveolar Liquid
in the Medial Onset and Coda, and Reduction of
the Complex Onset: These processes occurred in
100% of the possibilities.
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From such sample selection, procedures were
used to collect the speech sample to be analyzed
by the raters.

Procedures and Materials for the Organization of
Speech Samples to be Assessed

The speech samples were collected after the
selection of participants according to the phonological
assessment and after effective authorization by their
parents or guardians. To collect the speech of the six
subjects, four logical sequences with activities of daily
life of a boy (sleeping, waking, eating, going to school)
and a girl (playing chase butterflies or playing a bone
to the dog) were used. When necessary, the researcher
gave an example of reporting in order to present the
children with a model. Questions that helped the
subjects to organize the report were also allowed. This
procedure was accomplished on a speech sample pre-
recording training from each subject. The recording
was conducted when the subject reported being able
to produce a continuous report for recording.

The recordings were made with a Sony MiniDisc
model MZ-R70, a Sony MD Digital Audio Recorder
of 74 minutes and a Leson MP68 microphone type
electret cardioid, with key, cable and low impedance.

Preparation of Speech Samples for Assessment

After the reports were recorded on Minidisc,
the speech sample from each subject was listened
and transcribed in order to determine whether there
was or not a percentage of consonants correct
necessary for the balancing of samples among the
subjects regarding the occurrence of ER - i.e. in
order to balance the same number of words with ER
for all subjects. The percentage of consonants
correct (PCC) was not used as a parameter because
subject 3 - who presented more ERs - would
naturally have a smaller percentage of PCC. The
percentage was balanced and the message was
maintained when comparing subjects 1, 2, 5 and 6.

The speech samples from six subjects were
saved via Sound Forge 6.0 software and a Toshiba
Satellite notebook model 1805-S207. The samples
were edited to remove background noise and to
unite speech in order to compose equal hearing
durations of 40 seconds each with a 20 seconds
interval between them. After this editing, data were
transferred to a CD.

The reports of the subjects with PD demanded
the use of one additional logical sequence in order
to produce connected speech. This was possibly
due to their poor vocabulary and creativity. In
contrast, the report of the control subject
composed the required number of words from the
report of only one logical sequence. All speech
samples contained about 85 words, whilst the need
to maintain the meaning.

The CD was recorded with two sequences of
presentation for the test and retest in order to not
induce similar responses by the raters. In the first
month, the raters heard the sequence a) S1, S2, S3,
S4, S5, S6. For the retest (three months later) the
sequence b) S3, S6, S5, S1, S4 and S2 was presented
to the raters.

Procedures for Construction of Items for the
Intelligibility Scale

The procedures for construction of items for
the intelligibility scale were: consulting the literature
on the Likert scales and selection of terms that are
commonly observable or accessible in ordinary
dialogue concerning the intelligibility of speech.
Therefore, the word "understand" was used as
definition of the scale item and the term
understandable was preferred to intelligible on the
items of the scale.

Based on such selections, the Likert scale
consisted of the five items displayed in Figure 1:

FIGURE 1. Items of the Intelligibility Scale. 

Scale Item Definition for rater reading  
Non-understandable I do not understand any of the words or the message he/she is saying 
Hardly understandable I understand a few words with difficulty, but not the meaning of the message. 
Understandable I understand some words which allows the understanding of great part of the message  
Very understandable It is possible to understand the majority of the words and message  
Totally understandable It is possible to understand all words and the entire message. 
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Sample and inclusion and exclusion criteria for
selection of the sample of raters

Considering the aspects pointed out on the
literature as influential regarding the raters, a
questionnaire with identification information,
occupation, number of children and their ages was
applied to the raters of the current study.

The sample of raters was comprised of adults
between 18 and 39 years with normal hearing and
intellect; elementary school, secondary school and
university students. The average age was 26.78
with a standard deviation of 6.44.

Therefore, the following inclusion criteria were
considered: no presence of presbycusis, no
suspected hearing loss or cognitive or mental
disorder, and not being a professional who directly
works with children - individually or in groups.
These were observed on informal interview
conducted by the researcher as well as through
information provided by their teachers and
professors. The volunteers who reported hearing
difficulties or demonstrated difficulties during the
initial interview were excluded from the sample.
Those who had evident cognitive or psychological
difficulties were also excluded.

From such profile, 52 men (50.5%) and 51 women
(49.5%) were selected. The sample totalized 103
raters, native speakers of BP who were not
professionals with direct contact with children or
deviant speech such as Pedagogy and Speech-
Language Pathology. About 40% of the raters were
in elementary school, 34% in secondary school and
26% were university students. In relation to marital
status, 40% were married, 49% single, 6% divorced,
and 5% reported other status. Almost half the
sample had no children (48%). The remaining had
only one (28%), two (17%), three (6%) or four (1%)
children. Of these, about 91% had children between
three and nine years old, with the greatest
concentration between three and six years (60%) -
a period during wich the phonological acquisition
is being completed.

Collection procedures with the raters

Sony Discman model D-172CK, Sony
headphones and a CD were used to present the
recordings of the first - test - and second - retest -
sequences to the raters.

Initially, the raters were invited at their
classrooms to participate in the study. Those who
agreed to participate signed a consent form. After
such agreement, they responded to the initial

questionnaire and then began to listen to the speech
samples, subject by subject. The raters assigned a
value from 1 to 5 on the Likert scale for each sample.
The researcher marked the responses. It was
possible to read and reread the items of the scale
before and after listening to each speech sample as
the items remained visually available during all rating
process.

Testing was conducted during the first month
of collection and retest was conducted three months
later.

In the test condition, 125 raters were present.
For the retest, there was a loss of 22 raters and,
therefore, 103 raters completed the analyses on the
retest condition. The instructions provided were
the following: "You will hear six children and after
hearing each child you will assign one value as you
agree on the following scale". The five previously
mentioned scale items - which remained visible at
each listening on a card - were then read out loud to
the rater.

Methods of data analysis

The quantitative tests used were the Chi-square
test, which examines the dependence among the
questions on the scale, and the ?(alpha) Cronbach's
coefficient, which accesses the significance of the
retest. Such tests were applied to the responses of
raters in order to verify the agreement between the
103 responses obtained in the test condition and
the 103 responses obtained in the retest condition.
These tests were also applied to analyze the
interference or not of variables related to the raters
such as gender, age, and contact with small children
on their analyses.

 As the purpose of this study was to validate
the items and not to generalize conclusions
regarding the type of ER verified in the speech of
children, the analysis of the responses considering
each type of ERs was qualitatively performed. The
sample of six subjects for composition of speech
samples do not reflect a statistical reality of the
population from the city where the study was
conducted.

It was possible to qualitatively interpret the
phonological data by comparing it with data from
the literature due to the high classification
agreement between the test and retest conditions.
However, generalizations about the classification
of each ER require a larger number of subjects
assessed by the scale. Furthermore, the sample size
should be calculated from the exact prevalence of
ER and the prevalence of PD in the population of
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the city where the study is conducted. Such
generalization will only be possible from the
validation of the items of the scale and should be
accomplished as a continuity of the current study.

Results

Table 1 presents the results of the statistical
test applied to the classification agreement of scale
items between the test and retest conditions for
each subject.

The first analytical procedure was calculated
through the Spearman correlation between test and
retest of speech of each subject. Such procedure
revealed a high correlation between the two
conditions as, for an ? = 0.05 (5%), p < ? was verified.
Both on test and retest conditions, the ? value was
higher than 0.7, which demonstrated that the retest
nearly doubles the test. The Chi-square test showed
high significance (p < ?) for all items tested,
demonstrating the validity of the scale items in the
assessment of the speech samples. Subject four was
not included in these analyses as the subject did not
show any variation between test and retest
conditions. These results are summarized in Table 1.

The responses attributed to each subject on
the test and retest conditions are distributed in
Table 2, which shows almost complete agreement
between test and retest conditions. Importantly, S3
- the subject with the highest number of ERs - was
the only one to receive the classification 1 of the
scale (Non-understandable) from 79 of the 103 raters
and hardly understandable from the other 24 raters.
This subject presents ERs covering stopping and
liquid simplifications. Already the subjects 2, 5 and
6 received the classification 3 - understandable - as
their baseline. The subject 1 received the
intelligibility attribution between 3 and 4 on the
Likert table, corresponding to understandable and
very understandable. Therefore, all subjects with
PD, except subject 3, were classified in a range which
speech is understandable or very understandable.
However, none of these subjects were classified as
completely understandable, as the subject who has
completed phonological acquisition.

Spearman's correlation revealed no statistical
significance regarding the association between
gender, education and contact with children and
the intelligibility classification provided by the
raters when considering ? = 0.05 (5%).

TABLE 1.  Analyses of validity of each item for all subjects according to test/retest reliability  

Item –subject  Sperman’s 

Correlation  

T 

Sperman’s 

Correlation  

R 

P Chi-Square Test P 

S1 21,85300 0,908530 0,0000 80,00 0,0001* 

S2 22,05635 0,909989 0,0000 86,20 0,0001* 

S3 18,60072 0,879797 0,0000 76,80 0,0001* 

S4 - - - 200,00 0,0001* 

S5 28,65561 0,943649 0,0000 84,80 0,0001* 

S6 22,31028 0,911765 0,0000 52,80 0,0001* 

Total of valid n 

103 

M ean Test= 14,49 

SD= 1 ,93 

Cronbach’s α  

=0,7399 

Mean Retest=14,46 

SD=1,90 

Cronbach’s 

α=0,7275 
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Discussion

As shown in Table 1, the proposed items for the
classification of speech intelligibility were valid
considering the high significance observed on the
comparsion between the test and retest conditions .

The validation of the scale however, should
occur from the application of the scale before a
larger number of raters and with a larger number of
speech samples of individuals with PD and other
speech disorders.

The results displayed in Table 2 indicate the
following order of intelligibility regarding the
analyzed ERs: intelligibility with stopping and liquid
simplification < anteriorization of velar =
anteriorization of palatal fricative = liquid
simplification < devoicing. These data only
indicates what needs to be confirmed with a larger
sample of subjects with PD. The classification
values of each ER also need statistical confirmation
on samples calculated from the prevalence of each
ER in this population. Furthermore, the prevalence
of each ER needs to be defined from the prevalence
of PD in the city where the study is conducted.

The present data suggest that the subject with
the largest number of processes (subject 3) was
the subject with poorer intelligibility. Although we
have not analyzed the percentage of consonants
correct (PCC) as a variable of analysis, this finding
is in agreement with other studies20,21 that suggest
a direct relationship between severity measured by
PCC and intelligibility.

Regarding the speech profile, subjects 5 and 6 fit
the profile described as phonological delay23.
However, there was no confirmation that such profile
would cause less impact on intelligibility due to the
ERs being evolutionarily deleyed22. In contrast,
subjects 1 and 2, who presented ERs that are usually
eliminated earlier, were assigned intelligibility
classifications equal to (S2) or higher than (S1)
subjects 5 and 6. The analysis shows that only the
presence of a higher number of ERs has materialized
into a major intelligibility alteration. Such finding adds
to the ER effects that some authors have reported as
impacting intelligibility 20, 21.

Regarding the variables gender, education and
contact with children, it is clear that they have no
interference on the classifications of speech samples.
This fact demonstrates that the rater, except the rater
who lives with a child with PD, may not be interfered
from such variables in a speech listening situation
without context influence18. Thus, one can affirm
that the linguistic variables identified by the authors
were more relevant in this study.

The clinical implications of this study are the
resizing of the intelligibility concept in terms of both
assessment and clinical intervention.

Regarding the assessment, it was reported by
Ramos et al.²² that subject 3 - with stoping and liquid
alteration - is a subject whose speech is not so
frequently observed in the profile of subjects with PD
(maximum 30% of group). Therefore, when attributing
the unintelligible label to the group of subjects with
PD in general, one can incur a major error that does
not reflect the reality experienced by the individual.

TABLE 2. Classifications attributed on the scale for each subject on test and retest conditions  

QUESTIONS 

S1  S2 S3 S4 S5 S6 

SCALE  

T R T R T R T R T R T R

Non-understandable - - - - 79 79 - - - - - -

Hardly understandable 02 02 09 09  24 24 - - 03 03 11 11

Understandable 51 51 64 62  - - -  - 63 62 57 56

Very understandable 50 50 30 32  - - -  - 37 38 35 36

Totally understandable - - - - - - 103 103 - - - -

T = Test; R = Retest – highet response concentrations for each subject are highlighetd in gray 
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The data also suggest the need for the
intelligibility scale to compose the evaluation of
individuals with PD, particularly to assess familial
reactions to the speech of the child. A more
understandable speech to the family may indicate
less disruption in communication in order to
motivate the individual with PD to change their
speech patterns.

The implication in terms of clinical intervention
appears to be under the motivation for change in
the speech itself. The present study suggests that
70% of subjects with PD - considering the
frequency of ERs in larger groups of PD ²² - should
not feel their speech as little intelligible to the
interlocutor. This is justified by the finding that
subjects with more frequent ERs had their speech
samples classified as understandable and very
understandable. Therefore, the fact that the
interlocutor is possibly not signaling
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