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Abstract

Objectives: The present study aimed to adapt articulation assessment, a subtest of the diagnostic evaluation of articulation and
phonology, and to determine its reliability and validity for Persian speaking children.
Methods: The Persian version of articulation assessment (PAA) was administered to 387 children aged between 36 - 72 months, M
(SD):53.7 (± 10.1) by month, after the adaptation process. A methodological study including test–retest reproducibility, score-rescore
consistency and evaluating validity (through content, convergent and discriminative validity) was then carried out in order to de-
termine the psychometric properties of the instrument.
Results: Content validity ratio for Persian item’s content coverage, agreement image and syllable structure were 0.86 - 1, 0.92 and
0.94, respectively. Minimum content validity index of 0.93 exceeded in terms of relevancy, simplicity and clarity of instructions. The
percentage agreement for the test-retest was 91.35-100% and the score-rescore analysis was 92.95-100%. The convergent validity was
reasonable. The Persian Articulation Assessment’s mean scores for individuals with articulation disorders being significantly lower
than those by normal children, showed discriminative validity (t = 7.245, df = 34, P < 0.001).
Conclusions: The Persian version of Articulation Assessment is suggestive of a reliable and valid instrument for evaluating the
articulation skills in Persian speaking children.
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1. Background

Speech sound disorder in children is one of the most
common forms of communication disorders and its preva-
lence varies between 10% and 15% in preschool children
and 6% among school-age children (1). Some profession-
als, particularly general practitioners, sometimes advise
parents of preschool children that they will grow out of a
speech disorder, and no intervention is required; but some
pediatric speech and language therapists believe that in-
tervention should be offered as early as possible because
it is more cost-effective to shape a developing system (2).
Since speech and language development is relatively asso-
ciated with all aspects of social and educational develop-
ment it is important to make accurate diagnosis and as-
sessment of speech disorder in children, in order to pre-
vent educational, psychosocial and communication diffi-
culties in the future.

If in routine developmental screening, a child doesn’t
pass the test, the clinician will refer him/her to a speech

and language pathologist (SLP) for more detailed evalua-
tion (3). In recent years, a large number of measurement
tools has been developed to assess the articulation compe-
tence in children (4, 5). Single word data gathered through
the administration of the picture naming articulation test,
provide an efficient and relatively easy method to elicit
sounds produced by a child (6-8). Clinicians mostly rely
on results collected from standardized assessment tools
that provide quantitative information to assist with the
eligibility determination and the intervention planning
(9-11). The appropriate selection of instruments for the
outcome measurement depends on many factors includ-
ing type and psychometric properties of the instrument
and characteristics of the subjects among whom the in-
strument is intended to be used (12, 13). Additionally, it
is recommended to make a comprehensive evaluation of
impairment, disability, and handicap in individuals with
communication disorders including children with the ar-
ticulation/phonological impairment and to scaffold un-
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derstanding of typical speech development (1, 4).
The sound system of the Persian language (sometimes

known as Standard Persian) has some differences with En-
glish, some of them are brought in the appendix 1. Based
on these differences, using foreign language screening or
diagnostic tests is not suitable for evaluating phonological
disorders in Persian speaking children. Despite the unan-
imous agreement among specialists on an approved test
to be used in a comprehensive speech and language eval-
uation (4), scarcity of such measures in Persian language
is evident for clinicians in Iran and the neighboring Per-
sian speaking countries (14). Due to the lack of reliable and
valid assessment tools for evaluating all aspects of the ar-
ticulation skills of Persian speaking children, Iranian SLPs
typically use informal or English-based instruments (15). In
the field of evaluating articulation skills for Persian speak-
ing children, clinicians mostly utilize only one traditional
test called Phonetic Information Test (PIT) of which inter-
nal consistency and test-retest reliability were studied by
Ghassisin et al (2013). Despite PIT’s capabilities, it is not able
to evaluate the articulation of vowels. In addition, it does
not provide an opportunity for testing the stimulability of
consonants (16).

On the other hand, regarding the immigration issue
(11, 17), there are a few data regarding the language use, ar-
ticulation and phonological skills or disorders of children
who are under 6 years old and live in other countries and
use Persian language at home. The necessity for valid tests
in order to gather such data is obvious.

In a review for selecting an appropriate model for
eliciting phonemes (consonants and vowels), articula-
tion assessment of diagnostic evaluation articulation and
phonology (DEAP) battery meets most of the criteria for a
valuable instrument such as a clear definition of the test
domain, evidence of validity and reliability, detailed de-
scription of test administration, detailed description of
test user qualifications and quick administration. DEAP
is a comprehensive, individually administered, norm-
referenced battery designed to provide differential diag-
noses of speech disorders in children. Five tests (two
screens and three assessments) comprise the DEAP assess-
ment process. From the diagnostic screen results can
be determined if additional testing is needed and, if so,
the appropriate DEAP test to administer. The articula-
tion, phonology, and word inconsistency assessments then
help clinicians differentiate between disorders of artic-
ulation; delayed phonological development and consis-
tent phonological disorders; and inconsistent phonolog-
ical disorders, respectively. If there are concerns about a
possible oral motor disorder, the oral motor screen may
be administered to determine if an in-depth assessment
of oral motor skills is warranted. DEAP battery contains

qualitative and quantitative measures. Articulation and er-
ror pattern analysis as part of Phonology tests are quali-
tative measures for evaluating child’s phonetic consonant
inventory and error patterns. Oral motor, inconsistency
and quantitative part of phonology tests are quantitative
measures (2, 4).

2. Objectives

The present study reports the process of adaptation
and psychometric properties of the articulation assess-
ment of DEAP battery in Persian speaking children aged be-
tween 3 - 6 years in Tehran. This age range was chosen be-
cause it reflects the age group of most children with speech
disorders (18).

3. Methods

3.1. Materials

Original test: the articulation assessment measure ex-
amines children’s ability to produce individual speech
sounds within words or in isolation by establishing the
child’s phonetic inventory. The assessment consists of two
parts: the picture naming articulation and speech sound
stimulability which require a child to name pictures and
produce one consonant in the chains of phonemes pre-
sented in various syllable structures or in isolation.

The phonetic information test (PIT) utilized for evaluat-
ing the convergent validity. The internal consistency and
test-retest reliability of the PIT were 0.79 and 0.85 respec-
tively (16).

A voice recorder (COBY, model: MPC-7405), a laptop
(Sony, model: VAIO), and the SPSS statistical software ver-
sion 19 were used.

3.2. Participants

A total of 387 children (191 boys and 196 girls), aged 36
- 72 months, in 12 nurseries and kindergartens in Tehran
were recruited after obtaining their parents or guardians
consent following ethics approval from the medical ethics
committee for the University of Social Welfare and Rehabil-
itation Sciences. Children were selected through a simple
convenience sampling.

Only monolingual Persian speaking children with no
background of speech and language impairment who
could tolerate the duration of the test and attempt to imi-
tate and follow cuing were included. The exclusion criteria
were structural deficits (e.g., cleft palate), permanent hear-
ing loss, speaking Persian as a second language at home,
autism spectrum disorder and dysarthria. These were de-
termined by the child’s medical record history, a clinical
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examination by an experienced speech language pathol-
ogist and reports from parents and teachers in nurseries
and kindergartens. Participants were tested in a quiet
place (6, 18).

Testing took place in the child’s nursery or kinder-
garten for the total of 7 to 10 minutes depending on each
participant’s attention span and desire to continue. Chil-
dren were required to name color pictures and were given
verbal praise (e.g., Good job, Nice, Well- done, etc.), physical
praise (e.g., high fives) and tangible reinforcements (e.g.,
stickers) for participating in the assessment.

A broad phonetic transcription was made online after
the production of any words. Further, all testing proce-
dures were audio-video recorded. When the examiner did
not hear the child’s production clearly, the child was asked
to repeat the word. The examiner provided cues or a model
for imitation if the child was unable to name a picture. As
soon as the child imitated the target word, letter ‘i’ was in-
serted in front of the word to show the manner of elicita-
tion (‘i’ stands for imitation).

3.3. Methods

Following permission for adapting the DEAP from the
developer, Prof. Barbara Dodd, and the publisher, Pear-
son Inc., to ensure cross-cultural translation-adaptation, a
standard procedure including multiple forward and back-
ward translations and qualitative (via expert panel ses-
sions for cognitive debriefing) and quantitative (measur-
ing CVR and CVI) evaluation of the translations were fol-
lowed, and necessary adaptations were implemented (19).
In this article, validation processes of the articulation as-
sessment were described. Content validity ratio (CVR) and
content validity index (CVI) were measured for all individ-
ual items and the instrument as a whole (19, 20).

Translation and adaptation of the instrument followed
a multistage procedure. An official permission for the
questionnaire was obtained from both test developers and
the publishing company. Then an English translator, a
speech and language pathologist and a linguist (all Per-
sian native speakers), translated the questionnaire inde-
pendently. In order to avoid ambiguity and cultural is-
sues, these independent translations were presented to
a panel of experts to finalize the translation. To corre-
spond with Persian linguistic properties and the Iranian
culture (the context where the test was standardized), a
pool of Persian items was developed consistent with the
global outline of the articulation assessment of DEAP bat-
tery. The DEAP manual (21) provided criteria for generat-
ing items for the articulation test. It also provided the the-
oretical basis for developing the picture naming test (8,
22). All words were adopted from the Persian core vocab-
ulary for Iranian children (23), picture-riddle dictionary

(24), children’s story books, Persian dictionary for school
children (25), Persian translation of McArthur-Bates com-
municative development inventory (26) and available Per-
sian phonetic tests. Then generated items were attached
to the primary translation. Two linguists and two speech-
language pathologists evaluated the quality of translated
instructions and assigned items in the preliminary Persian
version of the instrument. A native English/Persian bilin-
gual speaker with linguistic background back-translated
the instrument from Persian into English. The second au-
thor rated the quality of forward-backward translation in
terms of clarity, common language use and conceptual
equivalence. The back translation was submitted to the
Pearson Inc. to test the equivalence of back-translated
version with the original version. After that the prelimi-
nary form of the instrument was reviewed by a panel of
experts (four speech therapists and three linguists) who
rated the relevancy of the instrument (content coverage)
in terms of the items’ syllable structure, items’ familiar-
ity for the targeted age group, positions of consonants and
vowels in the words, image agreement and transparency
of the items, and finally the instructions’ relevancy, sim-
plicity and clarity. This involved the use of a 100-point
rating scale, ranging from completely undesirable (0) to
completely desirable (100) and a box for comments. Back-
ward translation resulted in no major linguistic or cul-
tural concerns. Finally, a pilot study was conducted with
60 participants (male-female ratio = 1:1) in six various age
groups M (SD):54.1 (± 11.1) in months. During the pilot
study, three pictures seemed a bit ambiguous requiring
further description to elicit the target word. These were as
follows: the word /bαd/ (meaning wind) with the prompt
sentence asking, ‘What makes the leaves blow?’ [bærge
deræxtαro i mibære?]; the word /nej/ (meaning straw) with
the prompt sentence: [Siro bα i mixori?]: ‘What would you
drink your milk with?’, and the word /riS/(meaning beard)
with the prompt sentence: [ruje suræte mærdhα i dær
miαd?]: ‘What grows on a man’s face?’.

The pilot data of the study led to the development of
the final draft of the Persian articulation assessment (PAA).
The sounds elicited cover all consonants of the targeted syl-
lable in the initial and final positions along with all vow-
els. A stimulus list was also provided for eliciting speech
sounds which were not produced at the previous stage.

In this study, reliability was assessed through test-
retest reliability and score-rescore consistency (27). Test-
retest analyses were reported for 52 children (13.4% with
the mean age of 53.3 months) who were able to return for
the re-administration of the PAA within 1 - 3 weeks after
their initial test. For Score-rescore reliability (Consistency)
two independent examiners who had not been involved
in the PAA’s development rescored audio-video recordings
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of 70 children being randomly selected for the interrater
(score-rescore) reliability analyses (18.8% with the mean
age of 54.1 months).

Audio-video recordings were made through the as-
sessment procedure to allow the revision of online tran-
scription difficulties and transcription reliability measure-
ment. For score-rescore reliability two independent ex-
aminers who had not been involved in the PAA’s develop-
ment, reviewed and rescored some transcription with ref-
erence to its audio-video recordings. The current study has
utilized the Kappa statistics usually being used as a mea-
sure of reproducibility between repeated assessments of
the same variable (28). Kappa amounts which are over 0.75
denote great reproducibility (29-31).

The evidence of construct validity was provided by a
priori hypothesis patterns of association with other mea-
sures (the convergent validity with PIT) and evaluating the
discriminative validity. PIT was used for evaluating conver-
gent validity as an evidence of construct validity. For this
part of study, the results of PIT and PAA were compared.

For discriminative validity a sample of 36 children
aged between 3 - 6 years with and without articulation
deficit (18 participants in each group, respectively whose
diagnosis was approved by three experienced speech lan-
guage pathologists) enrolled in this part of study. An in-
dependent t-test was utilized to analyze the difference be-
tween the two groups. Alpha level of 0.05 was considered
for all statistical procedures.

4. Results

A total of 387 children (191 boys and 196 girls), aged 36
- 72 months enrolled in this study from April to September
2013. Table 1 reports the demographic data of the partici-
pants.

Table 1. Descriptive Statistics of Participants in Six Age Groups (n = 387)

Age Group,mo No. (%) Mean,mo± SD

35 - 42 60 (15.5) 39 ± 1.8

43 - 48 82 (21.2) 46 ± 1.5

49 - 54 60 (15.5) 51 ± 1.6

55 - 60 68 (17.6) 57 ± 1.7

61 - 66 62 (15.7) 64 ± 1.7

67 - 72 56 (14.5) 69 ± 2.2

Total 388 (100) 53.7 ± 10.09

Abbreviation: SD, standard deviation.

After refining the preliminary form, most of the items
and the whole instrument gained an appropriate CVR and

CVI (CVR ≥ 0.86 and CVI ≥ 0.93). Results for the reliabil-
ity analyses are reported in order for the test-retest reliabil-
ity and inter-rater reliability. For each type of the reliabil-
ity, the percentages of agreement were reported as a mea-
sure of correlation among repeated measurements from
the same participant. In these evaluations, all consonants
were measured in two positions (initial and final) and all
vowels in one position (middle).

We found that plosives (oral/nasal) obtained higher
agreement compared to the other consonants (e.g., frica-
tives, affricates). Additionally, the vowels were all consis-
tent in both test-retest and score-rescore reliability evalua-
tion. The agreement percentage on the production of vow-
els in both test-retest and score-rescore evaluations was
100%.

Construct validity was evaluated in this study via con-
vergent and discriminative validity. For evaluating the con-
vergent validity, the PAA demonstrated significant correla-
tion with the PIT (rkappa = 0.78, P < 0.001). To assess dis-
criminative validity, the mean score of the PAA between the
two groups of children with/without articulation deficit
was compared by t-test. The results (t = 7.24, P < 0.001)
showed the mean score of PAA for children without artic-
ulation deficit (M = 27.5, SD = 0.28) was significantly higher
than for the children with articulation deficit (M = 20.3, SD
= 0.96). There is a profile of articulation errors for children
with articulatory deficits in appendix 5.

5. Discussion

Establishing a phonetic inventory is important be-
cause this can be used as the basis for determining the de-
velopmental appropriateness of a child’s sound produc-
tion (32), identifying targets for stimulability testing (33,
34), and/or selecting goals (8, 35, 36) or treatment targets
(8). It is also important to determine if the content of a test
is sufficient to determine a child’s phonetic inventory.

The purpose of the current study was to develop a Per-
sian version of the articulation assessment of the DEAP
package - developed initially in English - and to provide evi-
dence for reliability and validity of Persian articulation as-
sessment (PAA) measure for young children. The PAA has
been chosen because it can provide easyly recognizable
items with opportunities of phonetically-controlled con-
texts that would neither confound nor scaffold the child’s
ability to produce a speech sound (19, 22, 37). All occur-
rences of each consonant and vowel were evaluated. The
PAA was assessed for its content coverage. In the PAA, all
consonants occurred at least in two positions (initial and
final) except /?/ which occurred only twice in an initial po-
sition. As mentioned before, in Standard Persian, usually
final /?/ is deleted. Content relevancy and content coverage
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were also examined by looking into the inclusion of conso-
nants and vowels in phonetically-controlled contexts. Re-
sults of the present study showed that the PAA possesses a
desirable CVR and CVI. PAA is a reliable and valid tool. It
is relatively quick and practically easy to administer and
score, its time of administration is between 10 - 15 minutes.

Similar to the English version, the test-retest agree-
ment range for consonants in this study suggests a high
level of reliability (91.35% - 100%) or a relatively low level of
error due to differences in the child’s performance and the
clinician’s judgment over two test administrations. This
finding was valuable dealing with the difficulties intrinsic
to this type of testing, difficulties related to variations in
what concerns the child, such as attention and mood, as
well as variations in what concerns the clinician, such as
judgment focus and interpretation of the child’s response
(27, 38, 39).

In line with the English instrument, the adapted ver-
sion of the PAA has obtained a high score-rescore agree-
ment percentage (92.95% - 100%). This result suggests that
the clinicians consistently assessed a child’s performance
on the PAA with few differences across examiners, even
when a set of assessment was made from an audio-video
recording of the child’s performance. Given that clinicians
were able to score the performance of the participant con-
sistently across live versus taped contexts, it can be in-
ferred that the test can be scored online or from an audio-
video recording based on the demands of clinical contexts.
Thus pediatricians would be able to send their patient’s
sounds to a SLP for online evaluation and depend on the re-
sult, refer him/her for receiving more detailed evaluation
and/or intervention. Moreover, this finding is important
because two of the independent examiners in the study
had not been involved in the PAA’s development and had
received almost four hours of training on test administra-
tion which again proves the user-friendliness of the mea-
sure. Thus, the demonstration of high inter-rater agree-
ment among examiners suggests the feasibility of the test’s
use by clinicians producing consistent results.

The data support the acceptable intra and inter-rater
reliability (test-retest and score-rescore) and also provide
evidence for supporting the validity of the PAA for the di-
agnostic purposes which suggests that the measure can re-
liably discriminate children with/without articulation dis-
orders.

A priori hypothesis was confirmed with agreement
above 0.7 between the PAA and the PIT. This reasonable
coefficient between two instruments shows convergent
validity. Furthermore, the PAA demonstrated reasonable
power to discriminate individuals with/without articula-
tion disorders. One of the major limitations of the present
study has been the lack of data to evaluate results of the

PAA in various demographic characteristics in various pop-
ulations (i.e., age, gender and socio-economic status). Fur-
ther studies are required to investigate the psychometric
properties of the Persian version of the articulation mea-
sure in DEAP battery.

5.1. Conclusions

In conclusion, a satisfactory level of test-retest and
scoring-rescoring reliability and construct validity was ob-
tained for the Persian version of the articulation assess-
ment of DEAP in the Persian language. Therefore, it would
be appropriate to evaluate consonants and vowels usually
used by 3 - 6-year-old Persian speaking children in Iran.

SupplementaryMaterial

Supplementary material(s) is available here.
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