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SUMMARY

Introduction: Treatment of phonological disorders considering extra-linguistic and linguistic variables are important to ensure

that the alteration is resolved promptly and in the best manner as possible.

Aim: To analyze therapeutic advances (phonetic inventory, phonological system, and distinctive features) in children with

phonological disorders by considering the therapeutic approach used, the severity of the phonological disorder, age, and the

number of therapeutic sessions.

Methods: We conducted a case series study of 94 children aged 3 years, 9 months through 8 years, 5 months. The children

were divided into groups based on the therapeutic approach used (Modified Cycles, Maximal Oppositions, ABAB-Withdrawal,

and Multiple Probes), the severity of their phonological disorder, age, and the number of therapy sessions with each individual.

Phonetic inventory, the phonological system, and the number of altered distinctive features were analyzed.

Results: The greater the number of therapy sessions, the greater the number of sounds acquired. The number of sounds present

in the phonetic inventory and phonological system increased and the severity of the phonological disorder decreased with all

of the therapeutic approaches studied. There was also a reduction in the incidence of altered distinctive features.

Conclusion: There was a favorable evolution in phonetic inventory and phonological system acquisitions as well as a reduction

in the number of altered distinctive features for all 3 therapeutic models regardless of the severity of the phonological disorder,

age, or number of sessions.

Keywords: Articulation Disorders; Speech Disorders; Speech, Language and Hearing Sciences; Speech Therapy.

the organization of phonemes in the child’s speech, that is,
which sounds are present or absent from the phonological
inventory; information on which phonemes have been
acquired by the phonological system (9); an indication as
to whether the sounds that are absent from the phonological
inventory are stimulable (10); identification of altered
distinctive features; and an understanding of the severity of
the phonological disorder. All of these factors will assist in
the selection of a suitable treatment model and of the most
adequate sound targets for each child (11). This in turn
requires the therapist to be informed about existing models
and the principles underlying their approach in order for
the therapy to be completed both quickly and effectively.

Several such models have been described in the
literature. In this study, the following models were evaluated:
the ABAB - Withdrawal and Multiple Probes Model (12); the
Maximal Oppositions Model (13); and the Modified Cycles
Model (14). These models differ from one another in the
number of target sounds selected for therapy, the number
of sessions, and the underlying principles behind the

INTRODUCTION

Phonological disorders in children have been the
subject of several studies aiming to identify the optimal
remedial treatment (1-8). Nevertheless, before any
phonological therapy can begin, the speech therapist has
to carry out a wide ranging and complete phonological
evaluation in order to exclude alterations (motor,
neurological) that are not correlated with any phonological
disorder (5,6,8). In addition, it is important to have knowledge
about normal phonological acquisition, that is, information
regarding the phonemes that are expected to be produced
correctly by children at each age and how these are
organized contrastively in the language. Knowledge of
normal acquisition patterns enables the therapist to evaluate
evidence of abnormal acquisition and determine whether
the child has a phonological disorder.

This phonological evaluation also provides the
therapist with the following information: details relating to
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treatment (based on phonological processes and distinctive
features).

The ABAB - Withdrawal and Multiple Probes (12)
model is based on the fact that in order to teach a more
complex sound, the acquisition of less complex sounds
with no direct intervention is required. The Maximal
Oppositions model (13) operates on the principle of
contrasting words that differ in only one phoneme, and
these phonemes contrast in few or several distinctive
features. Distinctive features are components that
characterize a phoneme it is crucial to distinguish mark
between two phonemes. Example of distinctive oppositions
in Portuguese are the phonemes /f/ and /v/ differing only
in voice feature as in the word pairs “faca” x “vaca”. Finally,
the Modified Cycles model (14) is based upon the elimination
of phonological processes that affect the child’s speech by
increasing awareness of the characteristics of the target
sounds in that phonological process.

These approaches have important clinical
implications. A number of studies have suggested that
these models are capable of improving the speech of
children with phonological disorders of differing severities
(1-3,5-7).

In this context, it is necessary to analyze the extra-
linguistic and linguistic variables associated with the
treatment of phonological disorders to ensure that the
alteration is resolved promptly and in the best manner
possible. Therefore, this study aimed to analyze the
therapeutic processes (phonetic inventory, phonological
system, and distinctive features) in children with
phonological disorders, considering the therapy model
used, the severity of the phonological disorder, the age of
the child, and the number of therapy sessions.

METHODS

Participants

All participants were Brazilian and native Portuguese
speakers. The initial sample consisted of 130 children with
phonological disorders who were recruited from an existing
database from a research project that was approved by the
Research Ethics Committee of a higher-level institution
(number 046/02). After clarification of the objectives of the
study, all parents signed a consent form authorizing the
participation of their child in the research project as well as
the publication of the study results.

The following inclusion criteria were used: (a)
phonological assessment performed before and after

treatment; (b) different severities of phonological disorders;
and (c) treatment with the Modified Cycles, Maximal
Oppositions, or ABAB-Withdrawal and Multiple Probes
models. After analysis of the inclusion criteria, 94 children
aged 3 years, 9 months through 8 years, 5 months were
selected. There were 32 girls and 62 boys.

Instruments and procedures

All children underwent the following evaluations:
comprehensive and expressive language, buccofacial
assessment, auditory discrimination test, articulatory
examination (word repetition), and phonological evaluation.
The results of these evaluations were within the normal
ranges for each age group, except for the phonological
evaluation. The children also underwent complementary
evaluations (audiological, otorhinolaryngological, and
neurological), with the aim of excluding any organic or
functional injury.

The Phonology Assessment (Phonological
Assessment of the Child- PAC) (15) data were used to
examine phonological ability by identifying and classifying
error patterns in a child’s speech. The assessment consisted
of naming and describing 6 images: bedroom, zoo, circus,
bathroom, kitchen, and room. These allow elicitation of all
consonants in the syllable-initial and final positions and
make it possible to ascertain the child’s phonetic inventory
and phonological system.

A sound was considered to have been acquired and
become a part of the phonetic inventory when it occurred
twice or more in the child’s speech. In order to ascertain the
phonological system, we considered a phoneme to be
acquired when it was produced correctly 80%–100% of the
time; partially acquired when it was produced correctly
40%–79% of the time; and unacquired when it was produced
correctly 0%–39% of the time (16).

To measure the degree of severity of speech error,
The Percentage of Consonants Correct-Revised (PCC-R)
(17) was calculated from the phonology data, which were
identified and classified as follows: mild disorder (86%–
100%); mild-moderate disorder (66%–85%); moderate-severe
disorder (51%–65%); and severe disorder (<50%). In this
study, only 6 children were classified as having a severe
speech disorder, and so they were all included in the
moderate-severe group to facilitate the statistical analysis.

Intervention

All 94 children received phonological treatments
suited to their phonological systems. The approaches used

Advances in the treatment of children with phonological disorders. Ceron et al.
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were as follows: ABAB-Withdrawal and Multiple Probes,
Maximal Oppositions, and Modified Cycles. The groups are
characterized in Figure 1, which shows the therapeutic
model, speech severity, and sex.

The ABAB-Withdrawal and Multiple Probes (12)
model is based on the fact that teaching a more complex
sound implies the acquisition of a less complex sound
without any direct intervention. In this approach, just one
target sound is selected during each cycle (9 sessions). At
the end of the treatment cycle, 5 more sessions are
performed, including a period of withdrawal, which consists
of an interval without direct treatment for the target sound.
In these sessions, spontaneous speech and image-naming
data are collected and the clinician observes the acquired
sounds (target and non-target sounds) in the child’s
phonological system.

The Maximal Oppositions Approach (13) highlights
contrasts using pairs of words that differ by a single
phoneme. The differences in the features of the phonemes
are the focus of treatment. Five pairs of words are selected
to be worked on over approximately 5 sessions (e.g., sad-
mad, sat-mat). In this model, the child has to distinguish
between phonemes by imitation and spontaneous
production. At the imitation level, the child repeats the
sound modeled by the clinician. At the production-
independent appointment level, the child has to produce
the target sound represented pictorially in the same set of
words used at the imitation level, but without the adult
modeling the sound. In production-level pairs, the
phonemes are presented as pairs of words that are also
represented pictorially. The child must get at least 50% of
these pairs correct to move to the sentences level.

The Modified Cycles Model (14) involves the
suppression of phonological processes in the child’s speech
and the program has a duration of 3 weeks. Each week, 1
phonological process is worked on, with a focus on 1 or 2
target sounds in each process. By the end of each session,
the pictures worked on are reviewed, and if the child

produces 20% or more of the target words correctly, then
he/she moves on to another sound during the following
session. However, if the participant produces <20% of the
target words correctly, the same target words are worked
on in the following session.

In the present study, the children were divided into
age groups (the average age was 1 year, 6 months): F1 -
3 years, 9 months through 5 years, 3 months; F2 - 5 years,
4 months through 6 years, 10 months; and F3 - 6 years, 11
months through 8 years, 5 months. They were also divided
into groups based on the number of treatment sessions:
NS1 - 5–18 sessions; NS2 - 19–36 sessions; and NS3 - more
than 37 sessions.

Data Analysis

The parameters analyzed included the number of
acquired sounds in the phonological system, the phonetic
inventory, and altered distinctive features after treatment
with respect to the therapeutic model, speech severity,
number of sessions, and age. One-way ANOVA and a
Bonferroni post-hoc test were used for the analyses. An
ANCOVA was performed for age because of a between-
group difference. Data were analyzed with SPSS version
17.0 for Windows, with significance set at p< 0.05.

The analyses of the distinctive features were
performed by verifying the substitutions in a contrastive
analysis. In order to characterize the altered distinctive
features from these substitutions, we used the geometry of
features of the consonants in English (18). All replacements
were considered in more than 10% of the possibilities.

RESULTS

When the ABAB - Withdrawal and Multiple Probes,
Maximal Oppositions, and Modified Cycles models were
compared with regard to the severity of phonological

Figure 1. Distribution of participants according to therapeutic model, speech severity, and sex.

Severity
MSD (n = 23) MMD  (n = 47) MD (n = 24)

                              Sex
Therapeutic  Model

B G B G B G

ABAB – Withdrawal and Multiple Probes (n = 40) 8 3 12 9 5 3
Maximal Oppositions (n = 32) 6 3 10 5 6 2
Modified Cycles (n = 22) 2 1 7 4 5 3

Subtitle: n = number of subjects; B = boy, G = girl; MSD = moderate-severe disorder; MMD = mild-moderate disorder;

MD = mild disorder.
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disorder and the number of sessions, no differences were
observed. The average age was also similar among the
models: the major difference in age was observed between
the ABAB - Withdrawal and Multiple Probes and the
Modified Cycles models (Table 1).

The averages and standard deviations of the
differentials obtained during the evaluations of the phonetic
inventory, phonological system, and altered distinctive
features before and after treatment, and the comparisons
of the therapeutic models, the severity of the phonological
disorders, age, and the number of sessions can be found in
Table 2.

Regarding the therapeutic models, no differences in
the phonetic inventory and the phonological system were
observed among the models analyzed since the quantity of
absent sounds was similar among the participants in each
of the 3 models. Nevertheless, a difference concerning the
distinctive features was found, mainly between the ABAB
- Withdrawal and Multiple Probes Model and the other
models.

When the severity of the phonological disorders
was compared, the data showed that the severity was
significantly reduced as the number of absent phonemes in
the phonetic inventory and phonological system was
reduced. Regarding distinctive features, a significant
reduction in the number of altered features was also
observed as the severity of the disorder was reduced.

With regard to age, the younger the child, the
greater the number of novel sounds in the phonetic
inventory and the greater the number of acquired phonemes
in the phonological system, and so also the lower the
number of altered distinctive features.

Regarding the number of sessions, there was a
difference among the variables analyzed because the

higher the number of sessions, the more sounds
acquired and the lower the number of altered features
present.

DISCUSSION

There were no statistically significant differences in
the severity of the phonological disorders and the number
of therapy sessions among the models compared (ABAB -
Withdrawal and Multiple Probes, Maximal Oppositions and
Modified Cycles) (Table 1). This shows that all 3 approaches
were effective in treating children with phonological
disorders. Besides, children with phonological disorders of
the same level of severity had the same number of therapy
sessions. The age of the children in each model differed
slightly, but this did not affect the results for the development
of the phonetic inventory and phonological system (Table
2).

Even though there is evidence suggesting that a
variety of approaches are effective for children with
phonological disorders, little is known about the most
efficient approach in general or the most efficient approach
for a particular group of children (19). Nonetheless, it is
believed that comparing the therapeutic models assists the
professional in selecting the most efficient therapeutic
approach (12,20).

According to a study (11) involving English speakers,
particular models can be more efficient for specific severities
of phonological disorders than others. Nonetheless, these
studies are inconclusive and more studies with a greater
number of subjects are needed in order to support these
findings. Our study used a large sample but supports the
findings from these previous studies. Thus, it is not possible
to say which model is more effective among the 3 models
compared because all led to the acquisition of new
phonemes.

Table 1. Comparison of the therapeutic models based on the severity of the phonological disorder, age, and the number of sessions.

Severity Age Number of sessions
A (sd) A (sd) A (sd)

Model
ABAB – Withdrawal and Multiple Probes (n = 40) 72,96 (14,47) 67.12 (11.22) 24.08 (10.27)
Maximal Oppositions (n = 32) 74,71 (15,54) 68.69 (12.70) 26.19 (17.71)
Modified Cycles     (n = 22) 81,81 (11,55) 75.78 (12.83) 24.14 (15.65)
p-value 0,64 0,029 0,802
Post hoc ABAB × Cycles*

* Statistically significant correlation (p£0,05) – Test One-way ANOVA and Post-Hoc Bonferroni

Subtitle: n = number of subjects; A = average; sd = standard deviation
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The ABAB-Withdrawal and Multiple Probes, Maximal
Oppositions, and Modified Cycles models have also been
compared in previous studies with children who were
speakers of Brazilian Portuguese(12,21-22) to identify the
most efficient approach in the treatment of phonological
disorders. Findings are unanimous in showing that these
models lead to important therapeutic progress in children
with phonological disorders. However, some studies have
indicated that there are differences among the models with
regard to the severity of phonological disorders. In the
present study, we found fewer reductions in the number of
altered distinctive features with the ABAB-Withdrawal and
Multiple Probes model compared with the other approaches
(Table 2). This could be explained by the fact that this
model involves treating only 1 target sound at a time.

We found that all of the children experienced
improvements in their speech, that is, their phonetic
inventory included novel acquired sounds and their
phonological system new phonemes, and the number of
altered distinctive features also decreased after the
intervention (Table 2). Other studies have reported similar
findings relating to the treatment of children with
phonological disorders (1-3,8,20-21,23).

We also observed a directly proportional relationship
between the severity of the phonological disorder and the
number of acquired sounds in the phonetic inventory and
the number of phonemes in the phonological system. This
means that the higher the severity (moderate-severe
disorder), the greater the number of sounds in the phonetic

Table 2. Comparison of the therapeutic models based on the severity of the phonological disorder, age, and the number of sessions
with respect to differentials in the phonetic inventory, phonological system, and altered distinctive features.

Phonetic Inventory Phonological Sistem Distinctive Features
A (sd) A (sd) A (sd)

Model
ABAB – Withdrawal and Multiple Probes  (n = 40) 2.08 (2.04) 4.05 (2.80) 9.18 (7.28)
Maximal Oppositions (n = 32) 2.16 (2.41) 3.16 (2.90) 4.88 (5.44)
Modified Cycles   (n = 22) 1.45 (2.20) 2.59 (2.74) 4.50 (4.78)
p-value .892 .275 .011
Post-hoc ABAB × Maximal Oppositions **

ABAB × Cycles**
Severity
MSD  (n = 24) 4.25 (1.96) 5.33 (3.37) 11.88 (8.03)
MMD (n = 47) 1.58 (1.66) 3.31 (2.60) 5.93 (5.08)
MD (n = 23) .44 (1.47) 1.72 (1.21) 2.80 (3.27)
p-value .000 0.000 .000
Post hoc MSD × DMM** MSD × DMM*

MSD × DM** DMM × DM*
MSD × DMM**

DMM × DM* MSD × DM**
MSD × DM**

Age Ranges (month)
F1 (n = 31) 3.13 (2.29) 4.16 (2.92) 8.52 (6.54)
F2 (n = 46) 1.65 (2,11) 3.35 (2.58) 6.59 (6.59)
F3 (n = 17) .65 (1.06) 2.18 (3.11) 3.24 (4.85)
p-value .000 .065 .025
Post hoc F1 × F2**

F1 × F3*
F1 × F3*

Number of sessions
NS1 (n = 39) 1.15 (1.88) 2.08 (1.84) 4.26 (4.64)
NS2 (n = 38) 2.18  (2.33) 3.84 (2.75) 8.66 (8.15)
NS3 (n = 17) 3.29 (1.90) 5.47 (3.52) 7.47 (4.03)
Valor de p .002 .000 .013
Post-hoc S1 × S3* S1 × S3*

S1 × S2*

* Statistically significant correlation (p < 0,05) – Test One-way ANOVA and Post-Hoc Bonferroni

** Statistically significant correlation (p < 0,001) – Test One-way ANOVA and Post-Hoc Bonferroni

Subtitle: n = number of subjects; A= average; sd = standard deviation; MSD = moderate-severe disorder; MMD = mild-moderate

disorder; MD = mild disorder; F1= 3 years, 9 months through 5 years, 3 months; F2 = 5 years, 4 months through 6 years, 10

months; F3 = 6 years, 11 months through 8 years, 5 months; NS1 = 5 to 18 sessions; NS2 = 19 to 36 sessions; and, NS3 = more

than 37 sessions.
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inventory and the more phonemes in the phonological
system (Table 2). These children also had more absent
sounds than children with mild phonological disorders. This
relationship has been previously observed and discussed in
other studies(10,21-22).

The PCC-R used to classify the severity of
phonological disorders is effective in differentiating children
with and without phonological disorders(10). After
phonological intervention, the PCC-R tends to increase
and, consequently, there is a decrease of the severity of the
phonological disorder. This demonstrates the acquisition of
novel phonemes in the phonological system, and a decrease
in the number of non-acquired phonemes (21-22). In this
study all of the groups with different severities of
phonological disorders showed novel phonetic acquisitions
in their phonetic inventory and phonological system,
which led to a decrease in the severity of the disorder and
an increase in the PCC-R. There was also an accompanying
reduction in the quantity of altered distinctive features
(5,20).

In addition, the younger the child, the greater the
increase in the number of sounds in the phonetic inventory
and the greater the number of phonemes in the phonological
system. This is because younger (<5 years old) children
had more absent sounds in the phonetic inventory or
absent phonemes in the phonological system, which led to
several substitutions and omissions of phonemes in speech.
Correct production of consonants is more frequently
observed in children older than 5 years compared with
younger children (23). The PCC-R shows a significant and
gradual increase with age (10,24). The age of the children
appears to be directly related to their speech performance
(measured by the percentage of consonants correct). This
performance is enhanced with increasing age due to
neuromotor maturation, which is necessary for speech
(10,25). Children under 5 years have a greater chance of
presenting with a speech disorder than those who are over
8 years due to a number of reasons, including maturation
of metalinguistic functions (26).

The number of therapy sessions was also directly
related to the acquisition of sounds/phonemes because the
higher the number of sessions, the greater the number of
sounds worked on and, consequently, acquired. The ABAB-
Withdrawal and Multiple Probes, Maximal Oppositions, and
Modified Cycles models all have a similar number of
therapy sessions for children with phonological disorders
(4).

The number of therapy sessions required for the
treatment of phonological disorders still requires further
investigation and clarification. A literature review (27) of
the intensity, frequency, and duration of interventions

found widely diverse data: treatment duration, 7 to 18
months; frequency, 2–3 times a week; session duration,
30–60 minutes. Much about these factors remains
controversial and further clarification is required; for instance,
would it be better to have 3 sessions a week for 6 weeks
or 1 session a week for 24 weeks? Moreover, it is unclear
what the ideal frequency of sessions is for a particular
intervention (27). Further studies are required to elucidate
these important components of phonological therapy.

CONCLUSION

Our findings indicate that there was a favorable
evolution in the acquisition of sounds in the phonetic
inventory and phonemes in the phonological system as
well as a reduction in the number of altered distinctive
features among all 3 therapeutic models regardless of the
severity of the phonological disorder, age, or the number
of sessions.

The therapeutic models compared—Modified
Cycles, Maximal Oppositions, and ABAB – Withdrawal
and Multiple Probes—were all effective for the participants
and there were no significant differences among them. It
was verified that the lower the level of severity of the
disorder, the greater the number of acquired sounds in the
phonetic inventory and of phonemes in the phonological
system, as well as the lower the number of altered
distinctive features.
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