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ABSTRACT

[I9TE:E Phonological Mean Length of Utterance (PMLU), a quantitative measure for assessing phonologi-
cal skills, is a diagnostic and clinical criterion in phonological development. Moreover, it is an indicator show-
ing the efficacy of the intervention. The PMLU is a word level measure that can be calculated on the child’s
transcribed speech sample (transcription). To calculate PMLU, all consonants and vowels of the child’s pro-
duced words, and target words (standard production of words in native adults) are individually scored.
The proportion of Whole-Word Proximity (PWP), another phonological quantitative measure, includes the
ratio of the produced PMLU to the targeted word PMLU. PWP indirectly reflects the intelligibility of speech.
Since languages are distinctive in syllabic and phonological structures, PMLU should be studied as a lan-
guage-specific measure. PMLU has specifically been designed to assess phonological skills in spontaneous
speech. Spontaneous speech sampling methods are advantageous since they consider the effect of mor-
phological and syntactic skills, length, and complexity of words, and they could show the normal develop-
ment of word complexity. This study was conducted to determine PMLU and PWP in 48 to 60 months old
Persian-speaking children with Isfahani accents and to compare them in story generation and conversation
sampling methods. The potential sensitivity of PMLU to growth was also examined.
This is an observational and cross-sectional study that was conducted for one year
in 2016 in Isfahan City, Iran. A total of 100 children (51 boys and 49 girls) aged 48-60 months participated
in story generation sampling, and 67 children (32 boys and 35 girls) participated in conversation sampling.
The participants were selected from 261 kindergartens under the supervision of the Welfare Organization
of Isfahan Province using the convenience sampling method. After completing the consent form and con-
sidering the inclusion criteria, conversation and story-generation samples were collected. Audio samplings
were done in the same room using the same software (Clear Record Litev. 2.1). Raters transcribed the first
50 words of the recorded speech samples. Finally, we used the formula to calculate the target PMLU and
child PMLU based on the normal production of an adult who speaks Persian with an Isfahani accent and
the child’s production, respectively. To evaluate inter-rater reliability, raters randomly transcribed 20% of
all samples to recalculate values. Participants’ story generation and conversation scores were entered into
SPSS16 separately. The Kolmogorov-Smirnov test was used to examine the data distribution. Based on the
data distribution, paired t-test and Wilcoxon test were used to compare measurements, and the Pearson
i and Spearman tests were used to investigate the associations.
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(r=0.313). Comparing child PMLU in story generation and conversation showed a significant relationship
between child PMLU in both sampling methods (P=0.000). The result of the target PMLU comparison in two
methods of story generation and conversation (P=0.000) was significant. PWP did not significantly differ
between the two sampling methods (P=0.973). The inter-rater reliability was calculated at 0.70.

[CHTIETRT This study can be used as a basis for quantitative studies in the field of children’s phonological
assessment using Persian whole words. However, longitudinal studies in different age groups with a high
level of evidence in this field can convince therapists to use whole-word measures in clinics.

[[EMEIEE Phonological mean length of utterance, Whole-word proximity, Persian-speaking children with
Isafahani accent, Story generation, Conversation, Phonological skill

English Version
Introduction

honological skills are a vital aspect of

language development. They are associ-

ated with the maturity of literacy skills at

school. Evaluating children's phonological

skills is crucial from three perspectives:
determining the basic level of the child's phonological
skill, choosing the goals of the intervention, and examin-
ing the effect of the intervention on the child. Quantitative
and qualitative methods can be used to evaluate children's
phonological skills. Quantitative methods, as an indicator
of the severity of the child's phonological problem, allow
comparing the children with other groups and are useful
for monitoring the intervention results [1, 2]. The phono-
logical mean length of utterance (PMLU) is a quantitative
scale to assess phonological skill. PMLU has been pro-
posed as a diagnostic and clinical criterion in phonological
development, which can also show the effectiveness of the
intervention [3]. PMLU is a word-level scale and is cal-
culated out of the utterance sample of children based on
the phonemicized words. This scale consists of two parts
which are calculated by scoring consonants and vowels in
words produced by the child as well as the target words in
the production of the criterion of native-speaking adults.
It evaluates four characteristics of children's phonological
development. These four features are proximity, complex-
ity, correctness, and variability.

Proximity is a reflection of the correctness of the word,
and when the child produces the word correctly, the score
of the proximity ratio of the whole word becomes one,
indicating the correctness of the production. The purpose
of complexity is to pay attention to the word's syllabic
structure; words with monosyllabic and disyllabic struc-
tures are considered words with simple structures, and
words with polysyllabic structure are complex words.
Correctness means the correct production of all compo-
nents of the word chain, which includes consonants and
vowels. Variability refers to how children produce words

independent of their phonological form [4]. In addition,
the proportion of whole-word proximity (PWP) is another
quantitative phonological scale calculated based on the
ratio of PMLU of produced words to the target and indi-
rectly indicates speech intelligibility [5]. Because of dif-
ferences in syllabic and phonemic structures in different
languages, this scale should be studied for each language.
The PMLU scale was specifically designed to assess
spontaneous speech.

Spontaneous speech evaluation methods are valuable
because they show the natural growth of word complex-
ity and focus on the effect of morphological and syntactic
skills, along with increasing the length and complexity
of words [6]. Because the PMLU has not been investi-
gated in the Persian language and contradictions are ob-
served in studies regarding the sensitivity of this scale to
growth, this study aims to obtain PMLU and PWP values
in Persian-speaking children aged 48 to 60 months with
the Isfahani accent (Isfahani accent is an accent talked by
people living in Isfahan City, Iran). We compared PMLU
and PWP values in two types of story narration and con-
versation sampling; also, we examined the sensitivity of
the PMLU scale to growth.

Materials and Methods

The current observational study was carried out for one
year by an analytical cross-sectional method in Isfahan
City, Iran, in 2015. The study population included 100
children (49 girls and 51 boys) in the story narration group
and 67 children (32 boys and 35 girls) in the conversation
group with an age range of 48 to 60 months selected by
the convenience sampling method. With the cooperation
of the teacher and referring to the children's educational
and health files, the speech and language pathologists in
each kindergarten examined the children for the inclusion
criteria. The Ages And Stages Questionnaire, second edi-
tion, was used to screen children [7]. The inclusion crite-
ria included an age range of 48-60 months, speaking the
Persian language, and being monolingual. The exclusion
criteria included non-cooperation of the participants for
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the evaluation or having a history of speech, language,
neurological, and hearing problems. Finally, normal chil-
dren in terms of developmental monitoring criteria were
selected. Sampling was done by using the storybook of
Shangul-o-Mangul [8]. Most children were familiar with
this story, but some were not, so the researcher told them
the story. To eliminate the effect of direct learning, the
child would ask to retell the story after 5 minutes. After
that, to extract the conversation sample, we used topics
such as a birthday conversation sample, a memory of a
day outing in the park, a description of the characteristics
of a good girl and a good boy, and a memory of a trip
with parents [8]. Clear Record Lite v. 2.1 was used to re-
cord the voice of children in a room. The first 50 words
of each speech sample were phonemicized, and finally,
the target PMLU and child PMLU values were calculated
based on the speech of Persian-speaking adults with an
Isfahani accent and the production of each child, respec-
tively. The calculation rules were considered based on the
rules provided by Ingram [4]. For example, if the child
said the word/baba/(as the correct pronunciation in Farsi,
meaning father) correctly, to calculate the child's PMLU,
the child would receive one point for each consonant and
vowel and one additional point for each correct conso-
nant. (4+2=06). If the child produced the same word as/
bapa/, one point would be deducted for each consonant
that the child mispronounced (4+1=5). To calculate the
target PMLU, the same calculation rule was used, with
the difference that for each word, the full points of vow-
els and consonants were calculated. In addition, for each
language sampling method, the mean PWP score was
obtained by dividing the mean PMLU score of the child
by the mean PMLU score of the target. To examine the
agreement between the evaluators, each of the evaluators
randomly re-phonemicized 20% of the speech samples of
the story and calculated the mean of both PMLU (child
and target). The participant's scores were entered into
SPSS 16 software separately for stories and conversa-
tion. To examine the data distribution, the Kolmogorov-
Smirnov test was used, and according to the data distribu-
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tion, paired t and Wilcoxon tests were used to compare the
scales, and the Pearson and Spearman tests were used to
examine the correlations.

Results
Story narration and conversation

A total of 100 samples were analyzed in the story narra-
tion section, and 67 samples were analyzed in the conver-
sation section. Among the 100 samples, 49% were in the
age range of 54-48 months, and 51% were in the age range
of 55-60 months; however, in the conversation, these age
ranges accounted for 52.20% and 47.80%, respectively.
According to the sampling method of story narration, the
child PMLU, target PMLU, and PWP scales were 8.794,
8.811, and 0.998, and the conversation was 9.068, 9.093,
and 0.998, respectively. Table 1 presents the central and
dispersion indices of child PMLU, target PMLU, and
PWP scales separately from the two sampling methods of
story narration and conversation.

Correlation of phonological mean length of utterance
(PMLU) and proportion of whole-word proximity
(PWP) with age

Table 2 presents the results of investigating the correla-
tion of age (in months) and PWP and PMLU scales in
two types of story narration (normal distribution) and
conversational (non-normal distribution) sampling. These
results showed a significant correlation between age and
PWP scale of story (r=0.308) and conversation (r=0.313).

Comparing the results of story narration and conver-
sation samplings

The Kolmogorov-Smirnov test was used to check the nor-
mal distribution of the data. According to the non-normal
distribution of the child’s PMLU scale and PWP, the non-
parametric Wilcoxon test was used to compare the child’s
PMLU in the two sampling methods of story narration and

Table 2. Correlation of age with the child’s PMLU, target phonological mean length of utterance, and PWP by separating the sam-

pling type of story narration and conversation

Target PMLU Child PMLU PWP
Variables Conversationa Story Narrationb Conversationa Story Narrationb Conversationa Story Narrationb
r Sig. r Sig. r Sig. r Sig. r Sig. r Sig.
Aieo(:,i_go 0.150 0.313 0.099 0.493 0.162 0.276 0.115 0427 0313 0.032 0.308  0.030

PMLU: Phonological mean length of utterance; PWP: Proportion of whole-word proximity.

2The Spearman test, ® The Pearson test, * P<0.05.
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Table 1. The central and dispersion indices of the child’s PMLU, the target phonological mean length of utterance, and the propor-
PWP by separating two sampling methods of story narration and conversation

Mean+SD
Sampling Method
Target PMLU Child PMLU PWP
Story narration 8.811+0.758 8.794+0.763 0.998+0.002
Conversation 9.093%0.602 9.068+0.593 0.997+0.004

PMLU: Phonological mean length of utterance; PWP: Proportion of whole-word proximity.

conversation. The results showed a significant relationship
between the child’s PMLU scale in the two sampling meth-
ods (P<0.001), but PWP did not show a significant difference
between these two sampling methods (P=0.973). Accord-
ing to the normal distribution of the data, the result of the
paired t-test to compare the target PMLU in the two sampling
methods of story narration and conversation indicated the
significance of this comparison in the two types of sampling
(P<0.001). The agreement between the evaluators was 70%.

Discussion

The first objective of this study was to determine the
values of PMLU and PWP in Persian-speaking children
aged 48 to 60 months with an Isfahani accent in story nar-
ration and conversation. The child PMLU was 8.794 in
story narration sampling and 9.068 in conversation sam-
pling, which is lower compared to Canadian-speaking
children in the same study and age range [6].

The characteristics of the mother tongue influence the
PMLU scale, and different accents may affect it, too [9].
This scale has been studied in different languages so far.
The reason for different PMLU studies on different lan-
guages, besides the differences in the languages, can be
due to the lack of homogeneity of the tasks used and dif-
ferent sample sizes. In other words, the reason for the dif-
ferences observed in studies in different languages is not
completely related to language differences which should
be considered in future studies [1, 3-6, 10-13].

The second objective of this study was to investigate the
correlation of age with PMLU and PWP scales in 4 to 5
year-old Persian-speaking normal children with an Isfa-
hani accent. In examining the correlation of age with the
child’s PMLU (P conversation=0.276 and P story narra-
tion=0.427) and target PMLU (P conversation=0.313 and
P story narration=0.493), it can be seen that PMLU has no
significant relationship with age. This result is consistent
with Kumar’s results regarding slow phonological devel-
opment in the age range of 4-5 years [6].
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However, the PWP of the story narration and the con-
versation show a significant relationship with age. This
relationship is such that with increasing age, PWP in-
creases both in conversation (P=0.032) and in story nar-
ration (P=0.030). PWP indicates the stability between the
child’s productions and the target and shows the closeness
of the child’s productions to the target words with what
adult speakers pronounce them. The phonological acqui-
sition does not occur only because of the increased com-
plexity of words but rather because of the child’s need to
constantly maintain the connection between his produc-
tions and the target [8]. However, this relationship in our
study shows a weak power because age can only explain
0.094 of the increase in story narration PWP and 0.097 of
the increase in conversation PWP. Therefore, to achieve a
more reliable result, it seems necessary to conduct more
studies with a larger sample size.

The last objective of this study was to investigate the
effect of the sample extraction method on these scales.
By comparing target PMLU in story narration and con-
versation (P<0.001), we found a significant relationship
between the child’s PMLU in story narration and con-
versation showed (P<0.001) but no significant relation-
ship between PWP in story narration and conversation
(P=0.973).

Among the studied studies, except for Ingram’s study
[4], no study had investigated two types of sampling
tasks for evaluating the PMLU scale. This study exam-
ined the PMLU scale in the expression of a single word
in the Goldman-Fristoe production test compared to the
conversation in a child with a phonological disorder. We
cannot compare this study with the present study due to
the lack of similarity in the type of speech sample and the
participants.

The reason for the significant difference in the sampling
type of story narration and conversation in examining the
PMLU scale may be related to the fact that story narra-
tion, compared to the conversation, faces the child’s lan-
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guage skills with challenges and difficulty. Wagner et al.
also referred to this issue regarding the sampling of story
narration. They also pointed out that the clarity and flu-
ency of speech in the conversation are higher than in story
narration; the reason is the processing load and more plan-
ning of story narration [14]. On the other hand, it can also
be pointed out that the sampling type of story narration is
more structured and less natural than conversation, and
as a result, the child has less freedom to use lexical, pho-
nics, and phonological skills. In the narration of the story,
children use similar words due to the imposed framework
of the story, but in conversational speech, the children ex-
press their skills more freely according to their linguistic
abilities. In addition, children use more diverse words in
conversation due to being freed from the inflexible frame-
works in the story. Sutwood’s study also believes in these
differences [15].

Researchers can use the present study as a preliminary
study in the quantitative phonological assessment of chil-
dren. However, the data obtained from the study for the
use of therapists, due to the cross-sectional nature of the
study, the investigation in a limited age range, and the Is-
fahani accent, is suggested as purely descriptive. In addi-
tion, it is suggested that in future studies, PMLU should be
investigated in wider age groups, languages, dialects, and
common dialects of Iran and different socioeconomic and
cultural situations. It is also recommended to examine this
scale in different speech samples and compare their results
to ensure the effectiveness of the sampling type on this
scale. On the other hand, it can be effective to use this scale
in clinical groups and comparison with children without
disorders to determine possible differences and to answer
whether PMLU can be used for diagnostic purposes.

The results of this study and other similar studies can
be summarized as follows. Because each language has
unique characteristics, such as the complexity of words
and special phonological rules, it can affect phonological
scales, such as PMLU; therefore, it is not far from what
is expected to be said that PMLU is influenced by native
language characteristics. On the other hand, the different
socioeconomic and cultural conditions in each country
and language also affect phonological development via
the effect of the type of words used.

In examining the relationship between age and PMLU,
due to the contradictory results, it seems necessary to
examine different age ranges in different studies and
methods of articles for a comprehensive and fundamental
review of different age ranges. Also, conducting a longi-
tudinal study to observe PMLU changes during growth

October 2022. Vol 23. Num 3

can be useful in clarifying the relationship between this
phonological scale and growth.

In examining the effect of the type of sampling on
PMLU and PWP scale, the lack of a significant relation-
ship between PWP in story narration and conversation
indicates that if the PWP scale is used in clinical work, the
difference in the type of speech sample (narration of story
or conversation) does not cause a difference but when the
desired scale is PMLU, the difference in the type of sam-
pling will be effective and crucial.
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Appendix 1
Instructions and rules

1. Calculate the clear words in the audio sample of the
child’s speech.

2. Remove children’s words that are not used in adult
speech.

3. Remove the expressions of the format “There was
one, there was no one under the blue dome, there was no
one but God.”

4. Remove the words out of the course of the story that
the child produces, such as: Let’s go to the next page, and
S0 on.

5. Count the words once the child repeats them exactly
during the sample.

6. Do not count the words in which the heart process
(Qayem...Qami) occurs.

7. If the child corrects his speech, calculate the corrected
items.

8. The glottal stop should only be written, but it is not
given a point in the calculation as a consonant.

9. Do not count phonemes like “/Taq-Tag/.”

10. Do not count the words that carry the child’s emo-
tions, such as/Oh/, /Hurrah/, /Wow/, etc.

11. Do not count grammatical errors that affect the word
form, such as: go, sew, etc.

12. Pay attention that the criterion is the conversational
form of adults, and in cases where the child has an Isfah-
ani accent, it is considered with an accent.

13. Inflectional morphemes are counted as part of the
word, not separately. For example, “Guys” was calculated
as one word.

14. “And” should be counted as a part of the word when
it is attached to it, for example: Eat and. If it is produced
separately, it will be compared with its own pronounced
form (note that if it is produced by a child separately, it
will be calculated only once, and duplicates will be re-
moved)

October 2022. Vol 23. Num 3

15. Rule 14 is also true for “ra,” for example, /paha-
sha/ (a at the end of the word was calculated as part of
the word) in case of separate production, /ra/ is calculated
only once. If the child used /ro-ra/ in a word in separate
productions and both had the same meaning, that word
was counted only once. For example: “/dar ro/ or /dar ra/.”

16. Words like /Bozbozi/, which had a repeating compo-
nent, were removed.

17. The words that the child repeats after the examiner
and actually the child says after modeling were removed.

18. When the child produces words with different forms,
such as /Shangul/, /Shangule/, and /Shangula/, were cal-
culated, but if the child had produced more valuable and
different words, the words were considered more diverse.

19. Consider the words produced by the child as a whole
as one word. For example, /Agha Gorge/, /Khanom Bozi/,
and /Maman Bozi/ (of course, this rule is true when the
child has produced it as a component during the entire
sample).

20. For Words that contain a meaning but are produced
in different forms, calculate the most common form of
use; if they are repeated equally, consider the last produc-
tion of that word in 51 words. For example, /Bachehash/
or /Bachash/.

21. Words such as /Kiyeh Kiyeh/ and /Manem Manem/,
which contain two repeated components, count only one
of them as a word.

22. Do not calculate the sentence “/Ba leng dar mizane/
or /balangar mizane/.”
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