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Background: Articulation disorders in young children are due to defects occurring at a certain
stage in sensory and motor development. Some children with functional articulation disorders
may also have sensory integration dysfunction (SID). We hypothesized that speech therapy
would be less efficacious in children with SID than in those without SID. Hence, the purpose
of this study was to compare the efficacy of speech therapy in two groups of children with
functional articulation disorders: those without and those with SID.
Method: A total of 30 young children with functional articulation disorders were divided into
two groups, the no-SID group (15 children) and the SID group (15 children). The number of
pronunciation mistakes was evaluated before and after speech therapy.
Results: There were no statistically significant differences in age, sex, sibling order, education
of parents, and pretest number of mistakes in pronunciation between the two groups (P . 0.05).
The mean and standard deviation in the pre- and post-test number of mistakes in pronunciation
were 10.5 ± 3.2 and 3.3 ± 3.3 in the no-SID group, and 10.1 ± 2.9 and 6.9 ± 3.5 in the SID
group, respectively. Results showed great changes after speech therapy treatment (F = 70.393;
P , 0.001) and interaction between the pre/post speech therapy treatment and groups (F = 11.119;
P = 0.002).
Conclusions: Speech therapy can improve the articulation performance of children who have
functional articulation disorders whether or not they have SID, but it results in significantly
greater improvement in children without SID. SID may affect the treatment efficiency of speech
therapy in young children with articulation disorders.
Keywords: children, functional articulation disorders, sensory integration dysfunction, speech
therapy, efficacy
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Articulation refers to the totality of motor processes involved in the planning and
execution of speech. Articulation disorders are difficulties with the motor production
aspects of speech, or an inability to produce certain speech sounds.1 Possible causes of
articulation disorders including problems affecting motor production centers (ie, tongue/
palate/muscular), sensory feedback centers (ie, auditory, vestibular, proprioceptive,
tactile), generalized central nervous system (CNS) processes (ie, developmental delay),
and focal CNS processes (ie, stroke, cerebral palsy, or tumor affecting receptive and
expressive speech centers, and motor production areas).2 If all the structures required
for speech production and articulation are intact, but a child has difficulty learning
to make a specific speech sound for no clear reason, the child is considered to have a
functional articulation disorder.1
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Functional articulation disorders are common in young
children.3 A 1994 report of the National Institute on Deafness and
Other Communication Disorders estimated that approximately
10% of the population is affected by phonological disorders
(including articulation disorders).3 In the US, Shriberg and
Kwiatkowski proposed that 7.5% of all children aged 3–11 years
experienced articulation disorders.4 As for the prevalence of
functional articulation disorders, evidence from the literature
indicates rates of 1%–21%. A conservative estimate of the
prevalence rate in preschool children is approximately 10%.5
Sensory integration means that an individual transmits
information with regard to contact between the body and the
surrounding environment via one or more sensory systems
(ie, the visual, auditory, tactile, gustatory, olfactory, vestibular,
and proprioceptive) to the brain for integration, and then the
brain tells the motor system to respond.6 Sensory integration
theory is used to explain mild-to-moderate issues in learning
and behavior, especially movement coordination and sensory
modulation dysfunction, as well as problems not caused by
central nervous injury or abnormality.7,8 Sensory and motor
experiences are the foundation of speech development. Many
young children with speech disorders have reduced functions
in the vestibular, proprioceptive, and tactile sensory systems
compared to normal children.9 When a child has defects in
sensory systems such as the auditory perception or vestibular
system, speech development will be affected, causing problems
such as delays in speech development and articulation disorders.
Ayres hypothesized that sensory integration dysfunction (SID) is
related to the processing ability of the central sensory system.7 A
diagnosis of SID requires evidence of defects in the vestibular,
proprioceptive, or tactile sense not caused by central or peripheral
nerve damage or cognitive deficit.8 In terms of the mode of
articulation disorder, McDonald believed that articulation
disorders in young children were due to defects occurring at a
certain stage in sensory and motor development.10 That report
emphasized that the most fundamental issue of articulation
disorders lies in defects in sensory and motor development.
Sensory integration involves the ability to perform motor actions
after integrating sensory input. Therefore, some children with
functional articulation disorders may also have SID.
A study by Gierut showed that most children with articulation
disorders showed good improvement after proper therapeutic
interventions, including: (1) the sensory-motor method of sound
teaching; (2) cycles: auditory bombardment in conjunction with
sound production; (3) minimal pair treatment: two words that
differ by one sound; and (4) metaphon: emphasis of contrasts
among speech sounds and sound properties. 3 Many researchers
have found that children with articulation disorders also have
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concomitant deficits in fine motor coordination and attentiondeficit/hyperactivity disorder (ADHD).11–13 SID can cause
deficits in fine motor coordination and ADHD.14 However,
whether SID reduced the efficacy of speech therapy on children
with functional articulation disorders is unknown. Hence, the
purpose of this study was to compare the efficacy of speech
therapy in two groups of children with functional articulation
disorders: those with and those without SID. We hypothesized
that speech therapy would be less efficacious in children with
SID than in those without SID.

Materials and methods
Participants
The study subjects were recruited through the rehabilitation
clinic of a medical center in southern Taiwan. Based upon
the findings of two previous studies defining the suitable age
range for speech therapy intervention in preschool children,15
the inclusion criteria included: (1) diagnosis of functional
articulation disorder; and (2) aged 42–72 months. The exclusion
criteria included the following three conditions: (1) no
developmental delay after clinical assessment and screening
with the Comprehensive Developmental Inventory for Infants
and Toddlers diagnostics and screening test (CDIIT),16 such
that those with suspected gross motor, fine motor, or speech
delays were excluded; (2) no hearing abnormality, tongue-tie,
cleft lip and palate, other abnormal neurological findings,
developmental apraxia of speech, or cognitive impairment; and
(3) no previous receipt of speech therapy, or receipt of speech
therapy in another hospital which had stopped for at least
3 months. We excluded subjects who visited other hospitals for
speech therapy while receiving the therapeutic intervention in
this study. This study was approved by the hospital Institutional
Review Board and the study complied with the tenets of the
Declaration of Helsinki. Before inclusion, the parents of the
subjects fully understood the objective of the study, agreed to
participate in the study, and signed the informed consent.
A total of 35 children were screened for inclusion. Three
children were excluded due to developmental delay, and another
two due to cognition impairment. The study was designed
prospectively, and a total of 30 children were enrolled in this
study. The no-SID group had 15 children (5 boys and 10 girls)
and the SID group had 15 children (8 boys and 7 girls).

Procedures
For children who fit the inclusion criteria, the following
assessments were performed before therapeutic intervention:
(1) clinical articulation function evaluation, and (2) the
Sensory Integration Functions Assessment Scale (SIF) to
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assess sensory integration function. Based on the results of
the SIF, subjects were divided into two groups. Those who
scored below 85 (out of 100) were assigned to the no-SID
group; those who scored 85 and above were assigned to the
SID group. After group assignment and parental agreement
to comply with the therapy, therapeutic intervention began.
The speech therapist who performed the Clinical Test of
Articulation was not informed of the group assignments or
the purpose of this study.

Intervention protocols
The basic principles of speech therapy for functional
articulation disorders include: (1) auditory discrimination;
(2) correct pronunciation of the target sound; (3) stability
in producing the target sound; and (4) ability to generalize
the target sound in different situations.2 The speech therapy
was one-on-one, 30-minute sessions held once a week for
3 consecutive months. The speech therapist who administered
therapeutic intervention was not the speech therapist who
administered the assessments.

Study tools

Comprehensive Developmental Inventory for Infants
and Toddlers diagnostics and screening test
The CDIIT is a standardized developmental test used to
determine developmental delay in infants in Taiwan.16 It is
used for infants aged 3–71 months to evaluate five major
developmental areas: cognition, language, motor development,
social development, and self-care ability. The test includes two
sets of questions for diagnosis and screening. Up to 3703 infants
and young children in Taiwan were used as the standardized
sample to establish the diagnosis test, including the overall
development and specific development according to age score,
percentile, and developmental quotient in 30 age groups, as well
as the z-score of seven age groups given the screening test. The
test involves two types of assessment – direct testing of the child
and parental completion of a questionnaire – to collect data on
young children’s development and behavior. The 343 questions
in the diagnosis test have a test–retest reliability coefficient of
0.09–0.99; the observer reliability coefficient is between 0.19
and 0.56; the coefficient of internal consistency is between 0.75
and 0.99. In validity testing, the correlation coefficient between
each subtest and the overall score is between 0.96 and 0.99.16
Rasch analysis was used to analyze the CDIIT developmental
screening test to determine the 87 most “suitable” and most
easily implemented test questions for each corresponding
developmental area within each age group. The correlation
between subtests and overall score is 0.96–0.98, indicating the
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high accuracy of both the screening test and the diagnosis test.
In this study, the screening test was used to exclude cases with
developmental delay.16

The Sensory Integration Functions Assessment Scale
The SIF was developed in 2004.17 This scale assesses
sensory integration using seven subscales: postural
movement, bilateral integration sequencing, sensory
discrimination, sensory modulation, sensory searching,
attention and activity level, and emotional behavior. The
scale contains 98 questions, which take approximately
20 minutes for a main caregiver to answer. The evaluator
must have been the main caregiver for at least 6 months.
Children aged 3–6 years are given the preschool version of
the scale, while children aged 7–10 years are administered
the school-age version of the scale. Each question is scored
on a five-point Likert-like scale, for a total score of 98–490
points. Higher scores indicate poorer sensory integration
function, while lower scores indicate sensory integration
function approaching normal. The original sum score can
be converted into a percentile rank based on the norm
reference table. A percentile rank value , 72 is considered
normal, while percentile ranks between 73 and 84 are
considered to show poor integration adjustment. Percentile
ranks between 85 and 94 indicate borderline disorder, and
a percentile rank 95 shows a disorder. This research tool
has high test–retest reliability (0.87), and the all subscales
have acceptable construct validity.17,18

Clinical Test of Articulation
In this test, an appropriate vocabulary set is used to evaluate the
21 individual consonants of the Chinese language. To verify
the objectivity of the results, reliability and validity testing were
performed using 10 young children with functional articulation
disorders. Each child was tested separately with the Clinical
Test of Articulation and the Mandarin Consonant Articulation
Test for Preschool Children.19 Two speech therapists with
more than 3 years of experience interpreted the tests. One
therapist utilized both tests for evaluation; the other used only
the Clinical Test of Articulation. The results of numbers of
mistakes in pronunciation were compared with those of the
Mandarin Consonant Articulation Test for Preschool Children
for examining criterion-related validity. Interrater reliability
was verified with the intraclass correlation coefficient (ICC).
The ICC value obtained (0.93) met the standard of excellence.
Criterion-related validity was tested using Spearman’s
correlation coefficient; the result (rho = 0.96) supports the
validity of the Clinical Test of Articulation.
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Data analysis
This study utilized SPSS for Windows (version 14.0; IBM,
Armonk, NY, USA) for data analysis. Independent t-test and
Chi-square test were used to test the difference in age, pretest
number of mistakes in pronunciation between the two groups,
sex, sibling order and education of parents. One-way repeated
measures ANOVA was used to examine the difference in the
mean number of mistakes in articulation in the two groups
before and after treatment. A P , 0.05 indicated statistical
significance. The Cohen’s d was calculated to evaluate the
effect size of the difference.

Results
Table 1 presents the characteristics of the no-SID and SID
groups. A total of 30 subjects were recruited, and each
group had 15 children. There were no statistically significant
differences between the two groups in age, sex, sibling
order, education of parents, or pretest number of mistakes
in pronunciation (P . 0.05). These results demonstrated the
homogeneity of the two groups before speech therapy.
The mean and standard deviation in the pre- and post-test
number of mistakes in pronunciation in the no-SID group
were 10.5 ± 3.2 and 3.3 ± 3.3, and in the SID group, 10.1 ± 2.9
and 6.9 ± 3.5, respectively. One-way repeated measures
ANOVA indicated that the P value of the treatment efficacy
was 0.001. For treatment by group interaction, the P value
was 0.002 (Table 2). The effect size of the no-SID group was
2.22, while that of the SID group was 1.00. This difference
indicated that no-SID group had a larger improvement in the
number of mistakes in pronunciation than the SID group.

Discussion
This study compared the efficacy of speech therapy in two
groups of children with functional articulation disorders: those
with and those without SID. No demographic differences were
Table 1 Demographic and baseline data of participants
Group

Age, months
Mean (SD)
Sex (boy/girl)
Sibling order 1/2/3
Education of parents
Junior/senior high school/college
Number of mistakes in pronunciation
Prespeech therapy, mean (SD)

P value

No-SID
(n = 15)

SID
(n = 15)

58.9 (7.6)
10/5
5/8/2

57.5 (7.7)
8/7
6/7/2

0.620a
0.456b
0.924b

2/12/1

0/15/0

0.189b

10.5 (3.2)

10.1 (2.9)

0.683a

Notes: aIndependent t-test; bChi-square test.
Abbreviations: SD, standard deviation; SID, sensory integration dysfunction.
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found between the two groups. Both groups showed significant
improvement in the pre- and post-test number of mistakes
of pronunciation (P , 0.001). Comparison between groups
demonstrated that children without SID showed significantly
greater improvement. SID may account for mild-to-moderate
problems in learning and behavior, caused by SID directly
affecting the cerebral learning process or interfering with
learning due to poor behavior.20 These principles and the study
results suggest that SID can cause learning inefficiency and
consequent delays in the articulation progress.
The treatment method in this study was a weekly,
half-hour one-on-one session. The course of treatment
included 12 treatment sessions over 3 months. Once the
3-month period passed, subjects were followed up to check
the therapeutic efficacy. The therapy model in this study
was developed based on many studies, including that by
Rvachew et al,21 which found that children with articulation
disorders had poorer recognition of phonological systems.
After 16 sessions of phonological training, both phonological
recognition and pronunciation accuracy improved. 20
Forrest and Iuzzini found good therapeutic efficacy for a
20-session treatment protocol of 1–2 therapy sessions per
week, 20–30 minutes per session.22 A study involving the
strategy of selecting target sounds to learn pronunciation
found that training in related target sounds significantly
improves pronunciation clarity more than random training.23
Another study involving the strategy of sound discrimination
and production training reciprocity showed it to be a
more effective procedure for correcting articulation.24 To
summarize past studies of therapeutic efficacy, children with
articulation disorders improve after receiving speech therapy
with a treatment protocol of once or twice per week, half an
hour per session. The course of treatment should last 12 to
20 sessions, or 10 weeks to 3 months, to achieve significant
therapeutic efficacy. The methods for correction can be sound
discrimination, target sound training, phonetic placement or
oral-motor functional training.25,26 The treatment protocol in
this study followed the above model and the results indicated
significant efficacy.
In the theoretical framework developed by Oetter et al,20
in terms of the related development of suck/swallow/
breathe synchrony, articulation is at the outermost ring of
sensorimotor development. This indicates that articulation
has a certain correlation with the developmental process of
sensory integration.20,27 Nasir and Ostry28 suggested that,
during the process of sound production, in addition to speech
sound input, proprioceptive information is required for precise
positioning when speaking. To summarize the above studies,
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Table 2 The effect of speech therapy intervention tested by repeated measures ANOVA
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Source
Within-subjects effect
Pre/post-ST
Pre/post-ST × group
Error

Type III sum
of squares

df

Mean
square

F

P value

Partial eta
squared

Observed
powera

405.600
64.067
161.333

1
1
28

405.600
64.067
5.762

70.393
11.119

0.000
0.002

0.715
0.284

1.000
0.896

Note: aComputed using alpha = 0.05.
Abbreviations: ANOVA, analyses of variance; ST, speech therapy.

the developmental process of sensory integration includes
the development of articulation. Cermak et al12 found that
children with articulation disorders had more concomitant
problems in motor coordination than normal children of
the same age. Amorosa et al11 also suggested that children
with articulation disorders often have concomitant motor
coordination problems. A study by Zhao et al29 suggested
that children with functional articulation disorders are prone
to have concomitant ADHD, which produces problems such
as emotional misbehavior. Children with SID also display
this phenomenon. From the above studies, it is reasonable
to assume some correlation between functional articulation
disorder and SID.
Our study showed that the differences in pre- and
posttherapy number of mistakes in pronunciation between
the two groups were significant (P , 0.001), indicating a
significant difference in efficacy between the two groups.
The effect size indicated that the no-SID group made more
improvement than the SID group, and the difference between
the two groups was very large. These results support our
hypothesis that speech therapy would be less efficacious in
children with SID than in those without SID. This finding
highlights the importance to subjects and caregivers of
identifying SID before intervention.

Recommendations for future
studies and limitations
A major limitation of this study is the small sample size,
which affects generalization of study results. Future studies
with large sample sizes are needed to confirm our findings.
In addition, we did not record the content of the other treatments (eg, occupational therapy) in this study. The influences
of concomitant psychiatric or attention disorder (ADHD),
and the other treatments could not be explored in this study.
Finally, future research could seek to answer the following
questions: Would speech therapy incorporating a sensory
integration approach potentially lead to greater improvement
in subjects with SID? What are the long-term outcomes of
the two groups?
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Conclusion
Speech therapy improved the articulation performance of
children with functional articulation disorders whether or
not they also had SID, but it resulted in significantly greater
improvement in children without SID. SID may affect the
treatment efficiency of speech therapy in young children
with articulation disorders. Identification of concomitant
SID may prove important to predicting the efficacy of speech
therapy.
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