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ABSTRACT

[T Reviewing the literature related to the use of polysyllabic words in the assessment of speech
sound disorders (SSD) in children have indicated the necessity of using these words for providing
additional information such as prognostic information. Despite strong literature in other languages, there
is scant research on examining the production of these words in the Persian language among children
aged 4-7 years. Therefore, this study aims to design and assess the psychometric properties of the Persian
version of the polysyllabic words test (PWT) for measuring production skills in Iranian preschool children.
In this cross-sectional study, First, 532 polysyllabic words with 3, 4, 5, and 6 syllables
were selected from preschool children's books, which was reduced to 66 words after agreement among
authors in three rounds. The content validity of the items was examined according to the opinions of five
experts in typical speech development and SSD in terms of four criteria: Appropriateness for producing
polysyllabic words, appropriateness for children aged 4-7 years, imageability, and cultural fit. After
selecting pictures, face validity of items was examined by implementing the test on eight 4-7-year-old
children (at least one child from each age group). Finally, 40 items were considered as the final words
of PWT. For measuring psychometric properties, 120 children with normal development (60 males,
60 females), and 20 children with SSD (10 males, 10 females) participated. The control children were
divided into 6 age groups with a 6-month interval (10 males and 10 females in each age group). Their

Available Online:010ct 2023 * inclusion criteria were age 4-7 years, not being bilingual, and passing the Persian diagnostic evaluation of

articulation and phonology test (DEAP; Zarifian, 2014) and informal language screening test successfully.
Because of the COVID-19 pandemic and the closure of most schools, the sampling of control children
was done using a convenience method from two cities (Tehran and Karaj). The inclusion criteria for SSD
children were: Inability to pass the DEAP test, not being bilingual, and having SSD. Their sampling was
also done using a convenience method. For evaluating construct validity, the differences among six age
groups, between males and females, and between control and SSD children were examined in terms
of total score, percent consonants correct (PCC), percent vowels correct (PVC), and percent phonemes
correct (PPC). Test-retest reliability was determined using 20 children at a one-week interval, and inter-
rater reliability was determined by investigation of relations between scores of two independent raters
for 20 children using the intra-class correlation coefficient (ICC). The internal consistency was determined
by measuring the Cronbach's alpha coefficient. Descriptive statistics, ANOVA, independent t-test, Tuckey’s
post hoc test, were used for data analysis in SPSS software, version 26.

[T In comparing the age groups, the results showed a significant difference in terms of total score,
PCC and PPC (P<0.001), but not significant difference was found in PVC (P=0.23). No significant differences
were found between males and females in total score, PCC, PPC, or PVC. In comparing control and SSD
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children, the results showed a significant difference between the two groups in total score, PCC, PPC
(P<0.001), and PVC (P=0.02). The ICC was reported 0.98 for test-retest reliability and 0.79 for intra-rater
reliability. The internal consistency was 0.75 for 3-syllable words, 0.65 for 4-syllable words, and 0.63 for
5-syllable words.

[@EMERT The Persian PWT can be used as a valid and reliable instrument for measuring speech
production ability of Iranian children with SSD aged 4-7 years in clinical settings or for research. This test
is consistent with other tests such as Baker (2013)’s test in terms of considering methodological principles
such as inclusion words with different lengths, phonetic forms, and stress patterns, high imageability,
using common words for preschool children, and providing opportunities for eliciting common error
patterns of the target language.

[EMEIEE Polysyllabic words, psychometrics, Speech sound disorders, Children

English Version has extended since childhood [4, 13]. Also, low production
accuracy in polysyllabic words is a crucial prognosis for
Introduction poorer developmental conditions in literacy [13], limited

honological disorder is a subset of

speech sound disorders (SSD) in which

the increase in the complexity of speech

leads to increased errors [1, 2]. The artic-

ulation of polysyllabic words (with three
or more syllables [3]) requires the planning of chain and
hyperchain parts of speech, which usually does not hap-
pen in producing simpler words. The correct production
of polysyllabic words depends upon appropriate stress
patterns and mastery of vowels and consonants in collo-
cations [4]. Therefore, the analysis of polysyllabic word
production can offer a sound knowledge of the phonol-
ogy system development in children [5].

To date, studies have been conducted on polysyllabic
word production in children speaking English, Italian,
Spanish, and Malay [3, 7-11]. In 2006, the production of
50 polysyllabic words was examined in 6 typical 4-year-
old English-speaking children. Despite the correct pro-
duction of all vowels and most consonants in mono-
syllabic and bisyllabic words, children encountered
challenges producing the same sounds in polysyllabic
words [7]. To describe the acquisition of consonants in
the Malay language in 2014, a tool containing 11 poly-
syllabic words was used. Four- and six-year-old children
produced consonants more accurately in monosyllabic
and bisyllabic words than in polysyllabic words [12].

SSD is the most common speech disorder in children,
affecting 1 out of every 20 preschool children and consti-
tuting 30% to 75% of the clients of speech therapy clinics
[12]. Most children diagnosed with SSD recover spontane-
ously or with treatment. However, 1 in every 1000 SSD
children will experience a more permanent disorder, such
as childhood apraxia of speech (CAS), which may persist
into later ages [17]. Studies have shown that the error in
the production of polysyllabic words can present one of
the speech characteristics of school children with CAS that

improvement in production accuracy over time [14], and
weaker phonological processing abilities [15]. The possi-
bility of secondary psychological-social effects and prob-
lems in finding a job in adulthood have also been reported
[16, 17]. Overall, polysyllabic word production provides
critical information about children’s phonological systems;
however, it has received less attention in related studies.

A review of literature in other languages showed that
although children usually achieve the correct produc-
tion of vowels by the age of three [19] and the correct
production of consonants correctly by the age of four,
incorrect articulation of acquired sounds in polysyllabic
words continues until older age [7]. Zarifian and Fotuhi
reported that Persian-speaking children master all vow-
els before age three, but consonant mastery extends up
to four years and six months [20]. However, the pho-
netic test used in this study included only a small num-
ber of polysyllabic words. So far, no suitable test has
been designed to investigate the production of polysyl-
labic words by Persian-speaking children and the pro-
cess of producing speech sounds in these words. Due to
the extensive research of these words in other languages
and the minimal presence of these words in the current
production tests, despite their practicality, it is necessary
to develop a tool to evaluate these words in the Persian
language.

Given the high prevalence of SSD and the significance
of early diagnosis and prognosis determination, this re-
search was conducted to build a valid and reliable native
instrument in the Persian language. The purpose of the
first phase was to prepare a test of polysyllabic words.
The second phase aims to determine the psychometric
characteristics of the test to examine the ability to pro-
duce polysyllabic words in Persian-speaking children
aged 4 to 7 years.
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Materials and Methods
Study design and participants

A total of 120 typically-developed children (60 girls,
60 boys) and 20 SSD children (10 girls and 10 boys)
aged 4 to 7 years (in six groups with age intervals of six
months and an equal number of girls and boys in each
group) participated in the research. Children with normal
growth were selected from three kindergartens in Tehran
City, Iran, and one kindergarten and one school in Karaj
City, Iran, using a purposive convenience method. The
inclusion criteria included being monolingual, not suf-
fering from SSD, and lacking language impairment. The
exclusion criteria included children with chromosomal
abnormalities, autism disorders, obvious neurological
disorders, and hearing, visual, movement, cognitive, or
mental impairment based on the information in the kin-
dergarten file or the individual questionnaire the parents
completed.

Twenty children with SSD (group one: Four girls and
three boys, group two: Three girls and two boys, group
three: One girl and two boys, group four: One boy, group
five: Two girls, and group six: Two boys) were selected
among the clients of speech therapy clinics by a pur-
posive convenience method. They were matched with
the normal group in terms of gender distribution and
socio-economic level. They were Persian-speaking chil-
dren diagnosed with SSD by a speech therapist without
known sensory damage or physical disorders, such as
cleft palate, cognitive language disorder, chromosomal
abnormalities, and brain damage. The inclusion criteria
were determined using the information in the kindergar-
ten file and parental reports. In both groups, the child’s
or parents’ non-cooperation and withdrawal from the
study led to the child’s exclusion from the study groups.

Production of test items

To prepare test items, an item pool comprised 532
words with three, four, five, and six syllables. These
words were collected from the literature review using
phonetic tests, a book of basic Persian vocabulary from
the language of Iranian children, theses, research proj-
ects, and an illustrated dictionary of consonants [21-25].

In the first stage, the items were reduced to 66 items
through three panels, each consisting of three speech
therapists who were experts in sound disorders. Their
decision criteria comprised the words’ high frequency,
significance, familiarity, visual representability of the
word, and inclusion of all Persian vowels and conso-
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nants in the two positions at the beginning and end of the
syllables [26]. Also, the chosen words were culturally
aligned with the popular dictionary of Iranian children
[19]. Three images were selected for each word, and the
experts selected the most appropriate image based on
the research objectives. Finally, the test images file was
prepared in the form of PowerPoint.

Content validity

Five SSD experts quantitatively examined the content
validity of the items. The experts evaluated 66 items in
four areas: Suitability for evaluating production at the
level of polysyllabic words, suitability for children aged
4 to 7 years, cultural appropriateness, and imageability
of the items. Each word was rated a score from 1 to 100.
If words received a mean score of less than 80, they
were candidates for deletion.

Face validity

The face validity of the images of 66 items was pilot-
tested on 8 normal 4- to 7-year-old children. Items that
more than 3 children did not identify without clues were
subjected to deletion.

Among the 36 items subjected to deletion, 10 items
were kept due to their unique syllabic form and the re-
quirement to have all consonants at the beginning and
end of the syllable. The items with non-compliant syl-
labic forms were deleted. Finally, a test containing 40
words (20 three-syllable words, 15 four-syllable words,
and 5 five-syllable words) was compiled.

Construct validity of the test

The test was administered on 120 typically-developed
children and 20 SSD children to determine the construct
validity. The data of the subjects who participated in the
face validity stage were not used in this stage.

Reliability

Three methods were employed to determine the test
reliability. In the test re-test method, 20 children with
normal growth participating in the test were re-tested
after one week. To determine the inter-rater reliability,
two speech and language pathologists, unaware of the
research objectives, phonetically transcribed and scored
the speech sample of 20 children with normal growth.
Internal consistency was calculated by calculating the
correlation between test items.

Abbasi H, et al. Design & Validation the Polysyllabic Word Production Test in Persian-speaking Children. RJ. 2023; 24(3):398-417.
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Study procedure

The diagnostic screening subtest of Zarifian et al.’s
[19] phonetic and phonemic evaluation test was initially
performed during the session. Then, a 5-minute speech
sample was recorded using a voice recorder (Creative
30c model). Then, the image file of the production of the
polysyllabic word test was shown to the subject. They
were asked to identify the names of the images. If the
child cannot answer, he or she receives a semantic clue
in the form of a description of the target word. In cases
of non-response, a phonological clue was given by stat-
ing the first syllable of the word. If the child still could
not respond, the examiner would try imitation, prompt-
ing the child to say the target word. After phonetically
transcribing the child’s productions, a score of 1 was
given for the correct production of each word (matching
adult production) and a score of 0 for incorrect produc-
tion. The test’s total score (range: 1-40) represents the
general ability to produce polysyllabic words. Also, the
phonetic accuracy of polysyllabic words was analyzed
by calculating the following quantitative measures of
their production ability. The percentage of consonants
correct (PCC) was obtained by calculating the correct
consonants produced divided by the total consonants,
the percentage of vowels correct (PVC) was obtained
by calculating the correct vowels produced divided by
the total vowels, and the percentage of phonemes correct
(PPC) was obtained by calculating the correct phonemes
produced divided by the total number of phonemes mul-
tiplied by 100.
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Data analysis

The obtained data were entered into the SPSS software,
version 26. The statistical methods include a one-way
analysis of variance (ANOVA) parametric test to com-
pare the research variables across the 6 age groups. Also,
an independent t-test was performed to compare the re-
search variables between two genders and two groups of
children with normal growth and children with SSD at a
significance level of 0.05. The Tuckey test was used to
affirm homogeneous age groups. The intraclass correla-
tion coefficient was used to check reliability.

Results
Construct validity

In the second phase, construct validity was investigat-
ed by comparing between groups. A total of 140 four-
to seven-year-old children (120 children with normal
growth and 20 children with SSD) participated in the
test. The total scores and PCC, PVC, and PPC measures
were calculated for them and presented in Table 1.

The total scores of the test and the phonological pa-
rameters of PCC, PVC, and PPC in children with nor-
mal growth in different age groups were compared using
aone-way ANOVA. Regarding the total score of the test,
significant differences were observed between the three
groups of 6-5.5, 5-4, and 6.5-7 years old (Fis. 1197125,
P<0.001), also regarding PCC, between the three groups
of4-4.5,4.5-6.5 and 7-6.5 years (F; | ,=9.08, P<0.001)
and in PPC, between the three groups of 4-4.5, 4.5-6.5,
and 6.5-7 years (F =9, P<0.001). No significant
difference was found in vowels between different age
groups (F; |, =9, P=0.23).

Table 1. Total score and PCC, PPC and PVC of children with normal growth by age group (n=120)

Mean1SD
Age Group (y)
PVC (n=20) PPC (n=20) PCC (n=20) Total Score (n=20)
4-4.5 99.02+0.63 97.27+1.19 96.05+1.80 29.05+3.41
4.6-4.11 99.18+0.79 98.16+0.77 97.44+1.22 31.70+3.29
5-5.5 99.17+0.73 98.10+0.98 97.34+1.58 31.05+3.79
5.6-5.11 99.20+0.72 98.17+1.05 97.44+1.68 31.50+3.87
6-6.5 98.89+0.79 98.39+0.66 98.05+0.96 33.50+2.16
7-6.6 99.45+0.53 99.11+0.37 98.87+0.61 36.35+1.66

Archives of

Rehabilitation

Abbeasi H, et al. Design & Validation the Polysyllabic Word Production Test in Persian-speaking Children. RJ. 2023; 24(3):398-417.




Archives of

Rehabilitation

Table 2. Total score, PCC, PPC, and PVC in SSD children

Autumn 2023. Vol 24. Num 3

MeanSD

No.
PVC

PCC Total Score

20 98.55+1.02

93.86+1.98

90.58+3.66 18.85+3.60

No significant difference was observed among boys
and girls regarding the total score of the test (t, . =0.31,
P=0.76), the PCC (t, ,=0.97, P=0.33), the PPC (t,,;=0.60,
P=0.55), and the PVC (t, .=-1.06, P=0.29).

118
118

118

We further evaluated the construct validity by compar-
ing the mean scores of polysyllabic word production
tests in children with normal growth and children with
SSD. In addition to the mean score of the whole test, the
PCC, PPC, and PVC scores in these two groups were
compared using an independent t-test. As a result, signif-
icant differences were observed between the two groups
in the mean total scores (t,,.=14.54, P<0.001), the PCC

138

(t,,,,=8-37,P<0.001), the PPC (t,, .,=9.60, P<0.001) and
PVC (t,,,=2.55, P=0.02). Table 2 presents the results of
the test on SSD children.

Test re-test reliability

The test re-test reliability correlation coefficient was
obtained at 0.98 as an intraclass correlation by perform-
ing the test twice in 15% of the samples.

Inter-rater reliability

The inter-rater reliability was determined by calculat-
ing the correlation coefficient between two speech and
language pathologists (as evaluators) who independent-
ly calculated the total score of the polysyllabic word test
in 15% of the samples, resulting in an intraclass correla-
tion of 0.79.

Internal consistency

The internal consistency of the test items, which were
coded as binary variables (0 and 1), was calculated in
140 children using intraclass correlation. Internal con-
sistency was found to be 0.75 in three-syllable words,
0.65 in four-syllable words, and 0.63 in five-syllable
words.

Discussion

This study was conducted to design a valid and reliable
test for assessing the production of polysyllabic words
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in preschool children. To obtain the best results from
such a test, its design should consider special features.
The selected features should cover choosing words with
varying syllable numbers, phonological forms, and stress
patterns of the target language. Also, the word frequency
should be considered. In this study, three-syllable words
formed a larger number of test words because the fre-
quency of these words in the Persian language is more
than one- and two-syllable words. In Bernhardt’s study,
the ratios were different, and the ratio of the syllabic
numbers of the words in the target language was consid-
ered [10, 27]. Besides having a high visual representa-
tion, the test words should also reflect the most frequent
vocabulary of preschool children. Also, the test should
allow common error patterns of the target language to
appear. Among the common error patterns in the Persian
language [28], cluster reduction, final consonant dele-
tion, assimilation, voicing, and syllable deletion were
frequently seen in the production of children in this
study. Baker et al.’s test [3] has such a feature among the
international studies. The test prepared in this study cov-
ers most of the above cases consistent with Baker’s test.

In this study, the criteria of picturability, syllabic and
phonetic construction analyses, and the requirement to
sample all sounds were considered, like Chavez-Peon's
study [8]. However, unlike Chavez-Peon and Phoon's
research, we did not use the words with simple sylla-
bles because this test was conducted to investigate the
ability to produce polysyllabic words in children, not to
prepare a phonetic list. The appropriate context to de-
termine the phonetic list of children includes the words
that have a simpler form [6]. Hence, this test is not suit-
able for obtaining a phonetic list. Also, unlike the tests
containing shorter words, this study did not require two
for each sound in each position [8, 11]. However, to en-
sure diversity in syllabic construction and coverage of
all phonemes, the number of words in this research was
increased to 40, even though Masso considered the final
number of 30 words sufficient for testing polysyllabic
words in English [3].

Like Gozzard's study [7], this study incorporated
words containing different sounds and syllabic forms,

Abbasi H, et al. Design & Validation the Polysyllabic Word Production Test in Persian-speaking Children. RJ. 2023; 24(3):398-417.




Autumn 2023. Vol 24. Num 3

such as clusters. However, unlike the present study,
Gozzard used the extraction of polysyllabic words in
continuous speech and naming the picture. In this re-
search, like James's study, we sampled the words with
different sounds, different positions, structures, stress,
and the number of syllables [5]. Like Arciuli's study, all
the words were selected from real and familiar words
and contained all consonants of the language. However,
a specific syllabic structure in the target language was
not required [29].

To examine the test’s construct validity, we tried
to comply with the results of similar valid studies as
closely as possible [3]. In terms of scores, the difference
between age groups was significant, which was consis-
tent with the study conducted by Bernhardt et al. [9]. In
terms of production ability indices, the differences be-
tween age groups were significant in PCC and PPC. In
contrast, no significant difference was observed in PVC.
This finding was consistent with the study conducted
by Bernhardt [10] et al, and Zarifian et al. [28]. James
believed that the PCC median values increase with age,
which was consistent with the present study, but the in-
crease in the PVC with age in James’ research [5] was
not confirmed in this study. The possible reason is that
in Farsi, the accuracy of vowels reaches 100% at the age
of three [20], and because the children in this study were
older than three years, no difference was found between
different age groups.

Regarding the effect of gender on the production ability
indices (PVC, PCC and PPC), no significant difference
was observed between girls and boys, which agrees with
some similar articles in this age group, such as Wellman
et al. [34] and Zarifian and Fatuhi [20]. However, it was
not consistent with some other studies. Hyde and Linn
stated that girls performed better in speech production
[35]. Kenny and Prather showed that the gender differ-
ence is significant up to 4 years [36], and Phoon stated
that girls have a higher accuracy [11]. The possible rea-
son for the lack of significant difference between boys
and girls was that the children were older than 4 years,
and according to Kenny et al., the difference in the pro-
duction ability between boys and girls is significant only
up to 4 years old [36].

Regarding the production ability index (PVC, PCC,
and PPC), significant differences were observed be-
tween children with normal growth and SSD children,
consistent with the results of Bernhardt et al. [10].
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Conclusion

The polysyllabic word production test was prepared to
obtain a valid and reliable tool to complement the results
of the usual tests of speech therapists. The results of this
test have applications for treatment planning. For exam-
ple, in some approaches, simpler sounds and, in some,
more complex sounds are the target of treatment. There-
fore, depending on the selected approach and comparing
the results with the results of the usual production tests,
this test can help therapists identify mastered sounds
produced correctly in more challenging contexts and
which sounds are still developing.

According to the obtained results, the test of polysyl-
labic word has good validity and reliability. This study
serves as a preliminary investigation. It lays a foundation
for further studies in the natural development of sounds
and the age of their mastery in polysyllabic words. It
also paves the way for a more comprehensive assess-
ment of speech sound disorders in Persian.

It seems that this test can better address the needs of
clinical experts for an accurate tool to evaluate children's
speech problems. It allows the therapist to use valid and
reliable evidence presented earlier in decision-making in
test selection and clinic.
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7. Childhood Apraxia of Speech (CAS)
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1. Speech Sound Disorders (SSD)
2. Articulation disorders

3. Phonological disorders

4. Planning

5. Programming

6. Polysyllabic words
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8. Convulsion

9. Epilepsy

10. Head trauma

11. Hearing Impairment
12. Visual impairment

13. Socio-Economic Status
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17. Construct validity

18. Reliability

19. Test- retest reliability

20. Inter- rater reliability

21. Internal consistency

22, Mean Length of Utterance
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14. Item pool
15. Content validity
16. Face validity
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23. Percentage of Consonants Correct (PCC)
24, Percentage of Vowels Correct (PVC)

25, Percentage of Phonemes Correct (PPC)
26. Tuckey

27. Intra-Class Correlation
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