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A B S T R A C T

Background: Speech recognition is a significant component of speech perception 
assessment as a main clinical target in children with hearing disorders. The 
current article presents a systematic review designed to provide clinical and 
research guidelines for speech recognition assessment in Persian-speaking 
children with and without hearing disorders. 
Methods: A systematic search was conducted to cumulate the research evidence 
for the assessment of speech recognition in Persian-speaking children with 
and without hearing disorders. Peer-reviewed journal articles dedicated to 
this issue and published between 1982 and December 2021 were discovered 
through a search of the electronic databases of PubMed, Scopus, MEDLINE, 
Web of Science, Magiran, IranMedex, Scientific Information Database (SID), 
and Google Scholar. The papers were analyzed according to different variables, 
including test age, vocabulary competency, cognitive demands, response format, 
presentation mode, stimulus format, stimulus variability, stimulus mode, and 
test conditions.
Results: The review identified four papers related to the development of 
five assessment tools for measuring speech recognition in Persian-speaking 
children, namely Persian Monosyllabic Lexical Neighborhood Tests (PMLNTs), 
Persian Disyllabic Lexical Neighborhood Tests (PDLNTs), Persian version of the 
words-in-noise (WIN), Tavana (test for evaluating auditory skills), and closed-
set speech recognition test for Persian-speaking children. The properties and 
limitations of each test have been considered in the current review article.
Conclusion: Based on this systematic review, only four speech recognition 
assessment tools exist for measuring specifically spoken word recognition in 
Persian-speaking children. The results of this review article can be used as a 
clinical and research guideline for assessing speech recognition in Persian-
speaking children with hearing disorders.
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Background

To perceive speech, four essential auditory skills 
should be hierarchically executed: detection (knowing 
if sound is present or absent), discrimination (knowing 
whether sounds are identical or different), identification/

recognition (knowing what the sound is), and 
comprehension (understanding what the sound means) 
[1]. Furthermore, developmental deficiency in each 
level of auditory processing caused by hearing disorders 
can result in language, speech, social, and/or academic 
problems in children [2-5]. Accordingly, to enhance 
auditory-verbal skills in children with hearing disorders, 
clinicians, including speech-language pathologists 
and audiologists, should accurately identify any 
underlying deficits in the various levels of the auditory 
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processing of speech [6]. Moreover, they must regularly 
assess children’s speech perception to monitor their 
auditory skills improvement [7-9]. Although cochlear 
implantation (CI) assists children generally in achieving 
age-appropriate abilities in speech perception [10-13], 
spoken language skills [13-16], and opportunities in 
mainstream educational settings [17, 18], its outcomes 
vary among children, and the majority of users continue 
to be challenged by speech-in-noise perception [1, 19-
21]. Therefore, researchers and clinicians who work 
with pediatric cochlear implant (CI) users have two main 
goals: (I) to determine factors related to variations in 
user performance [22], and (II) to develop interventional 
approaches to improve the outcomes of users who have 
inappropriate performance [23]. As a result, speech 
recognition, the most fundamental outcome of CI that 
plays an essential role in the development of language, 
speech production, and literacy skills, forms the core of 
investigations. Accordingly, the measurement of speech 
recognition as a main clinical target is a significant 
component of speech perception assessment in children 
with CI [1, 6]. To predict how a child with hearing 
disorders can later achieve language proficiency, speech, 
literacy, and cognitive skills, however, it is essential to 
measure speech perception by a set of tests [1, 6]. 

Indeed, several factors affect speech perception 
performance as well as the validity and reliability of 
pediatric speech perception procedures which can be 
divided into two main categories: (a) internal factors 
related to the subject’s character, such as chronological 
age, vocabulary competency, and cognitive abilities; and 
(b) external factors outside the subject, such as appropriate 
response task, the utilization of reinforcement, the 
reduction of memory load inherent in the task [6], and 
stimulus mode (auditory-only or audiovisual modality) 
[24, 25]. As there is no definitive protocol for assessing 
speech recognition in Persian-speaking children with and 
without hearing disorders, knowing the characteristics 
of the available assessments can be clinically effective 
in selecting and using them accurately and also in 
developing more efficient assessment tools. 

The current article presents a systematic review designed 

to provide clinical and research guidelines for the speech 
recognition assessment of Persian-speaking children 
with and without hearing disorders. This systematic 
review aims to: (I) provide a summary and evaluation 
of speech recognition assessment tools described in the 
literature that have been used with Persian-speaking 
children with hearing disorders; (II) consider core 
components that clinicians should use for an evidence-
based speech recognition assessment of Persian-speaking 
children with hearing disorders; and (III) present some 
recommendations for future research.

Methods

Systematic Search
The protocol for this systematic review study 

was approved by the Ethics Committee of Shiraz 
University of Medical Sciences, Shiraz, Iran (IR.SUMS.
REC.1399.538). 

The review follows the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines [26]. These guidelines, in particular the 
PRISMA flow diagram, were used to improve the 
transparency and quality of reporting (Figure 1).

Identification: A systematic search was conducted 
to cumulate the research evidence for the assessment 
of speech recognition in Persian-speaking children 
with hearing disorders. Peer-reviewed journal articles 
were identified by searching the electronic databases of 
PubMed, Scopus, MEDLINE, Web of Science, Magiran, 
IranMedex, Scientific Information Database (SID), and 
Google Scholar. 

Keywords used were “child” or “infant” or “toddler” 
AND “hearing” or “speech” or “cochlear” or “noise” 
or “recognition” or “perception” AND “Persian” or 
“Iranian” or “Iran” or “Farsi.” Specific search terms 
varied depending on MeSH and the search engine’s 
dictionary of associated terms.

Screening: All references were exported to Endnote X7 
(Thomson Reuters, 2014), where of the 1297 imported 
papers, 653 duplicates were removed, leaving 644 for 
further analysis. Due to the broad nature of the initial 
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Records identified through database searching (n=1297)

Records after duplicates removed (n=644)

Records screened (n=644) Records excluded (n=597)

Additional records identified through other sources (n=5)

Full-text papers assessed for eligibility (n=52)

Studied included in the review (n=4)

Full-text papers excluded
due to not meeting criteria

(n=48)

No speech recognition
assessment: 39
Not assessing children: 3
Not original research: 5
Not peer-reviewed: 1

Figure 1: Flow diagram of study selection (adapted from Preferred Reporting Items for Systematic Reviews and Meta-Analyses; Moher et al., 2009).
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search, references were further filtered according to title, 
abstract, and keywords.

Papers were excluded from this review if they: (a) did 
not include Persian-speaking children, (b) did not focus, 
at least in part, on the speech recognition of Persian-
speaking children, or (c) did not focus, at least in part, on 
the speech perception of Persian-speaking children. Of 
the 644 papers screened, 597 papers were excluded based 
on these criteria.

Following the initial search, the reference lists of the 
retrieved papers were hand-searched for additional 
papers that met the inclusion criteria. An additional three 
eligible papers were identified through these secondary 
searches.

Eligibility: Inclusion criteria. The full papers for 
the selected 50 references were obtained and assessed 
according to the following inclusion criteria: (a) 
peer-reviewed papers published between 1982 and 
December 2021; (b) written in Persian or English; (c) 
at least one Persian-speaking child assessed; (d) at least 
one aspect of speech recognition assessed (in format 
of syllable, word, non-word, sentence); and (e) using 
formal, informal, or unpublished speech recognition 
assessment measures. Four papers met the inclusion 
criteria.

Analysis
All four papers were reviewed by the author and an 

independent rater and coded according to: (1) test age, 
(2) vocabulary competency, (3) cognitive demands, (4) 
response format, (5) presentation mode, (6) stimulus 
format, (7) stimulus variability, (8) stimulus mode, and 
(9) test conditions.

Test Age
It is not feasible to measure spoken word recognition 

using behavioral tests in children less than 3 years of age 
due to developmental issues; however, parent report scales 
can be used to assess children’s auditory skills generally 
in early ages [1, 6]. Accordingly, the chronological ages 
which can be used in each assessment were categorized 
as three periods: the establishing language (early ages: 
under 3 years old), developing language (preschool ages: 
3 to 6 years old), and developed language (school ages: 6 
to 12 years old) periods. 

Vocabulary Competency
Children with hearing disorders usually have a restricted 

lexicon because of language development delays. 
Accordingly, the assessment of speech recognition can 
be a challenging situation if words used in a test are 
unfamiliar to the subject. Therefore, each test must be 
lexically suitable for children [1, 6]. 

Cognitive Demands
Speech recognition can be indirectly measured simply 

by considering a child’s responses. If the child cannot 
understand a task or cannot attend to it due to intellectual 
or attention deficit, the subject’s observed performance 
may be estimated as significantly less than their actual 
speech recognition abilities [1, 6, 7]. 

Response Format
Considering whether a test provides an unlimited number 

of response possibilities or not, tests can be divided into 
two main categories: open-set tests and closed-set tests, 
one of which can be used depending on the listener’s 
capabilities and the aim of the assessment. As a general 
rule, if the listener has sufficient speech production, an 
open-set test can be an appropriate choice. Otherwise, 
the picture discrimination test, as a closed-set test, can be 
useful, because the listener does not need to make either 
a spoken or a written response. Therefore, as performing 
an open-set test demands storing and retrieving target 
items independently from lexical memory, it may be 
a convenient tool to assess a child’s performance in 
natural situations [1, 6]. Closed-set tests may be more 
developmentally appropriate for very young children, 
because they have a more straightforward response 
format [27]. 

Presentation Mode 
Using recorded instead of live voice presentation of test 

materials has an important benefit, which is to maintain 
consistency in presentation either from one listener to 
the next or from one administration to the next in the 
same listener. Therefore, it is emphasized that speech 
recognition assessment should be administered using 
recorded stimuli so as to improve the reliability of the 
outcomes [1, 6].  

Stimulus Format 
To measure speech perception, the complexity of 

linguistic context can be hierarchically categorized as 
syllables/non-words, words, sentences, and connected 
speech based on perceptual levels from “bottom-up” to 
“top-down” processing [1]. To assess speech recognition 
specifically, however, the stimulus format can be 
phonemes, syllables, isolated words, and words-in-
sentences [28, 29].

Stimulus Variability 
Traditional word-recognition tests usually use word 

lists that are (a) phonetically balanced (PB), and (b) 
produced by one talker at one speaking rate. As natural 
listening conditions involve many sources of stimulus 
variability, the results of these tests may not adequately 
estimate the perceptual processes used to perceive 
speech under natural conditions [29]. Accordingly, 
researchers have investigated the effects of lexical 
difficulty (“easy” words versus “hard” words), word 
length (monosyllabic words versus multisyllabic words), 
and talker conditions (single-talker versus multiple-
talker) as three sources of stimulus variability affecting 
word-recognition performance. “Easy” words include 
words that occur frequently and have few phonemically 
similar neighbors, and “hard” words include words that 
occur infrequently and have many similar neighbors. 
According to the previous findings, word-recognition 
performance was significantly higher in lexically “easy” 
words than lexically “hard” words, multisyllabic words 
than monosyllabic words, and single-talker conditions 
than multiple-talker conditions as well [29-31]. 
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Stimulus Mode 
As an auditory-visual event, speech is optimally 

perceived under audiovisual processing in children 
with and without normal hearing. Accordingly, it was 
recommended that the assessment of children’s speech 
perception be conducted in both auditory-only and 
audiovisual formats [16, 24, 25, 32]. 

Test Condition 
Competing noise, reverberation, and listener distance 

from the sound source are three essential factors that 
interfere with speech processing by degrading the primary 
acoustic speech signal. In conclusion, speech recognition 
can be more challenging when assessment is executed in 
spectrally and temporally degraded conditions [6]. 

Results 

The current review identified four papers that met the 
inclusion criteria. A four-phase flow diagram adapted 
from PRISMA guidelines [26] outlines the study selection 
process (Figure 1). 

All four papers were related to the development of 

assessment tools to measure speech recognition in 
Persian-speaking children. As seen in Table 1, a total 
of 5 tests were analyzed: Persian Monosyllabic Lexical 
Neighborhood Tests (PMLNTs) [33], Persian Disyllabic 
Lexical Neighborhood Tests (PDLNTs) [33], Persian 
version of the words-in-noise (WIN) [34], Tavana (test 
for evaluating auditory skills) [35], and closed-set speech 
recognition test for Persian speaking children [36]. Test 
characteristics are reported below. 

Closed-set Speech Recognition Test
According to Table 1, as a PB test, the closed-set 

speech recognition test includes 4 lists each comprising 
25 monosyllabic words selected from the common 
objective vocabulary of children in the age range to 
assess specifically speech recognition in 4-to-6-year-old 
Persian-speaking children. The child must listen only to 
a spoken word presented as a recorded voice and then 
select the correct picture among three pictures related to 
three similar words. Although using picture pointing as 
a response method can facilitate a child’s performance 
of the task by lowering the load of working memory, 
it demands the child’s comprehension abilities be used 

Table 1: The characteristics of each test based on the different variables
Test Subtests Test 

age
Linguistic 
competency

Cognitive 
demands

Response 
format

Presenta-
tion mode

Stimulus 
format

Stimulus 
variability

Stimulus 
mode

Test 
condition

Persian 
Monosyllabic 
Lexical 
Neighborhood 
Testsa 
(PMLNTs)

PMLNT-easy
PMLNT-hard

6-12 
year

Lexically 
adjusted for 
children
Independent 
to linguistic 
ability

High 
loading on 
working 
memory

Open-set
Repetition

Recorded 
voice
Sound field

Monosyllabic 
words 
Easy word list: 
18 items 
Hard word list: 
18 items 

Lexically 
controlled 
words (easy, 
hard)
Single-
talker 
(female)

Auditory Competing 
noise

Persian 
Disyllabic 
Lexical 
Neighborhood 
Testsa 
(PDLNTs)

PDLNT-easy
PDLNT-hard

6-12 
year

Lexically 
adjusted for 
children
Independent 
to linguistic 
ability

High 
loading on 
working 
memory

Open-set
Repetition

Recorded 
voice
Sound field

Disyllabic 
words
Easy word list: 
27 items 
Hard word list: 
27 items 

Lexically 
controlled 
words (easy, 
hard)
Single-
talker 
(female)

Auditory Competing 
noise

Persian 
version of 
the words-in-
noiseb (WIN)

Two word 
lists

7-12 
year

Lexically 
adjusted for 
children
Independent 
to linguistic 
ability

High 
loading on 
working 
memory

Open-set
Repetition

Recorded 
voice
Headphone 

Monosyllabic 
words 
2 lists of 35 
items each

Words 
difficulty in 
noise (easy, 
difficult, 
suitable)
Phonetically 
balanced
Single-
talker 
(female)

Auditory Competing 
noise

Tavanac

(test for 
evaluating 
auditory 
skills)

Detection 
Dis-
crimination 
Identification 
Comprehen-
sion

3-4 
year

Lexically 
adjusted for 
children
Dependent 
to linguistic 
ability

Low 
loading on 
working 
memory

Closed-set 
Picture 
pointing

Live voice 8 Items of 
Identification 
subtest: 3 
items of 
environmental 
sounds, 2 
items of 
vowels, 1 
item of words, 
2 items of 
sentences 

None Auditory Quiet 

Closed-
set speech 
recognition 
test for 
Persian 
speaking 
childrend 

Four word 
lists

4-6 
year

Lexically 
adjusted for 
children
Dependent 
to linguistic 
ability

Low 
loading on 
working 
memory

Closed-set 
Picture 
pointing

Recorded 
voice
Headphone 
or sound 
field: Not 
reported

Monosyllabic 
words 
4 lists of 25 
items each

Phonetically 
balanced
Single-
talker 
(female)

Auditory Quiet 

a Oryadi-Zanjani et al. (2020); b Lotfi et al. (2016); c Jarollahi et al. (2010); d Adelghahraman et al. (2000)
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to understand and remember the meaning of the given 
word. Otherwise, the child cannot accomplish the 
recognition task whether or not they can recognize the 
word. Therefore, it can be concluded that the test is 
essentially a combined task of speech recognition and 
speech comprehension. 

Regarding psychometric analysis, the test was 
implemented on 33 Persian-speaking children with normal 
hearing. No information about the sampling method or 
the demographic characteristics of the participants was 
available. The content validity of the test was investigated 
by surveying a number of experts, and it was reported as 
about 70% for each word list. Nonetheless, no data on the 
survey method, number of experts, or their proficiency 
was available. The test was implemented as test-retest 
under quiet conditions. No significant difference was 
observed between the participants’ test-retest mean total 
scores. Furthermore, there was no significant difference 
among the participants’ mean scores on four word 
lists. It can be concluded that the test had test-retest 

reliability and internal consistency (list equivalency) in 
children with normal hearing. It was also reported that 
the participants could gain between 92-100 percent of 
scores in normal sound intensity. There was, however, 
no information about the performance of children with 
hearing loss (HL) on the test. Both the properties and the 
limitations of the closed-set speech recognition test are 
illustrated in Table 2. 

Tavana
As seen in Table 1, Tavana is a comprehensive 

assessment tool for evaluating auditory skills in 3-to-4-
year-old Persian-speaking children that comprises four 
subtests to assess detection, discrimination, identification, 
and comprehension [35]. The subtest of identification 
(recognition) in the test includes eight items to recognize 
different stimuli, namely environmental sounds (3 
items), vowels (2 items), words (1 item), and sentences 
(2 items). Considering its items, it seems that this test can 
be suitable for screening goals. That is, to determine a 

Table 2: The properties and limitations of each test
Test Properties Limitations 
Persian Monosyllabic Lexical 
Neighborhood Testsa (PMLNT-
easy, PMLNT-hard)

Specific for spoken word recognition assessment
Suitable for 6-to-13-year-old children
Lexically controlled 
Data about the performance of children with hearing 
loss
A speech-in-noise test
Lexically adjusted for children 
Phonetically balanced
Recorded voice
Test-retest reliability 
Content validity
List equivalency
Responding by word repetition
Free field
Applicable for children with hearing loss using 
hearing aids and/or cochlear implants

Loading on working memory

Persian Disyllabic Lexical 
Neighborhood Testsa (PDLNT-
easy, PDLNT-hard)

Persian version of the words-in-
noiseb (WIN)

Specific for spoken word recognition assessment
Suitable for 7-to-12-year-old children
A speech-in-noise test
Lexically adjusted for children 
Phonetically balanced
Recorded voice
Test-retest reliability 
Content validity
List equivalency
Responding by word repetition

No data about the performance of children with hearing 
loss
Loading on working memory
Using headphone

Tavanac

(test for evaluating auditory 
skills)

Suitable for 3-to-4-year-old children
Lexically adjusted for children 
Phonetically balanced
Live voice
Appropriate time of test implementation 
Low loading on working memory
Responding by picture selection

No data about the performance of children with normal 
hearing 
No data about the performance of children with hearing 
loss
No data about the test reliability
No demographic data related to the participants
A screening assessment tool
Not specific for speech recognition assessment
Overlapping between speech recognition and speech 
comprehension
Just 1 item for word recognition
Not applicable as a speech-in-noise test

Closed-set speech recognition 
test for Persian speaking 
childrend 

Specific for spoken word recognition assessment
Suitable for 4-to-6-year-old children
Lexically adjusted for children 
Phonetically balanced
Recorded voice
Low loading on working memory
Test-retest reliability 
Content validity
List equivalency
Responding by picture selection

No data about the performance of children with hearing 
loss
No demographic data related to the participants
No data about the survey method for content validity
No data about the number of experts and their proficiency
Overlapping between speech recognition and speech 
comprehension
Not applicable as a speech-in-noise test
No data about using headphone or sound field

a Oryadi-Zanjani et al. (2020); b Lotfi et al. (2016); c Jarollahi et al. (2010); d Adelghahraman et al. (2000)
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child’s speech recognition skills, specifically at the level 
of word, it may be better to use specific assessment tools. 
Tavana is a close-set test on which the child can select a 
desired picture by pointing to, picking up, or looking at 
the picture as a response to each item of the test presented 
by an examiner as a live voice. Therefore, it can be a 
good choice to use for assessing 3-to-4-year-old children, 
because performance on the test does not require a lot of 
working memory. However, to answer the task, the child 
must know the meaning of the desired item in order to 
select the related picture. Therefore, it can be concluded 
that the identification subtest of Tavana does not 
precisely assess speech recognition; rather it measures a 
combination of speech recognition and comprehension. 
That is, if a child does not know the meaning of words 
and sentences or cannot remember them at the time, they 
cannot respond to the subtest whether or not they can 
actually recognize the words or sentences. 

Additionally, the words used as test items were selected 
from familiar objective words for children less than 5 
years of age with/without HL. The child should receive 
the items of the test through auditory modality only under 
quiet conditions. Accordingly, Tavana cannot be used to 
assess children’s speech-in-noise perception skills.

Using live voice can influence a child’s performance 
from one test session to another due to: (a) variations of the 
examiner’s voice quality depending on sex, age, physical 
health, etc.; and (b) variations of the examiner’s voice 
loudness that cannot be easily controlled in live voice. 

As a pilot study, the test was implemented on 5 children 
with normal hearing and 4 children with HL to investigate 
its executive problems. No participant demographic 
data was available; the content validity of its subtests 
only was studied by asking 7 experts for their views 
about the items. Therefore, there was no evidence about 
the reliability of Tavana in Persian-speaking children 
with HL and their peers with normal hearing. Both the 
properties and the limitations of Tavana are illustrated in 
Table 2. 

Persian Version of the Words-in-Noise (WIN)
As seen in Table 1, the Persian version of the words-in-

noise (WIN) as a PB test was developed to assess speech 
recognition skill in 7-to-12-year-old Persian-speaking 
children [34]. It includes 2 lists each comprising 35 
monosyllabic words selected from of frequently used 
words by Persian-speaking children in primary schools. 
Based on 10 experts, including audiologists, speech 
therapists, and linguistics, words with a content validity 
ratio (CVR) higher than 0.62 were selected, and the 
content validity index (CVI) of each list was higher 
than 0.8. The confirmed words were recorded by a 
female speaker in an acoustic studio. To determine the 
word difficulty in noise, the mean difficulty of the words 
was determined through a pilot study. Accordingly, all 
the words were classified in the three levels of easy, 
acceptable, and difficult. Finally, 70 monosyllabic words 
were selected and then randomly distributed into 2 lists, 
each comprising 35 words in 7 signal-to-noise ratios 
(SNR) decreased by 4 steps. 

The test was implemented on 63 Persian-speaking 

children with normal hearing (36 boys and 27 girls) 
recruited by convenience sampling from primary school 
children. The words were presented by headphone to right 
and left ears at each of 7 SNRs from +24 to 0 dB SNR in 4 
dB decrements in babble noise at the constant level of 60 
dB. The participants were asked to repeat any word they 
heard. The retest was carried out by the same examiner 
on 2 children of each age group (total 12 participants) 2 
to 4 weeks after the test. Then, the intraclass correlation 
coefficient (ICC) was measured to determine test-retest 
reliability. According to the study findings, there was no 
significant difference between the mean scores of right 
and left ears or between boys and girls. Furthermore, a 
significant correlation was observed between test-retest 
scores of each list and between test-retest scores of two 
lists [34]. There was, however, no information about the 
performance of children with HL using the WIN test. 
It seems that using headphones to administer the test 
may be a serious limitation in assessing children with 
HL because of the child’s hearing aid (HA) and/or CI. 
Both the properties and the limitations of the WIN are 
illustrated in Table 2. 

Persian Lexical Neighborhood Tests (PLNTs)
As seen in Table 1, PLNT is a lexically controlled 

assessment tool independent of vocabulary and language 
competency that can be used to measure spoken word 
recognition (SWR) performance in 6-to-12-year-old 
Persian-speaking children [33]. The subsets of lexically 
easy and hard words required Persian-speaking children 
to be familiar with the words. Thus, a corpus of common 
words was created based on 461 well documented 
language samples produced by normal Persian-speaking 
children aged 2-to-5 years old [37]. To determine the 
lexical difficulty of words (easy, hard, neutral) based on 
the Neighborhood Activation Model (NAM) as the model 
of SWR, it was necessary to calculate word frequencies 
and neighborhood densities. Word frequency is the 
occurrence number of a word, and neighborhood density 
is determined by the number of neighbors that a word 
has. Ultimately, four lexically controlled word subscales 
were generated: the Persian Monosyllabic Lexical 
Neighborhood Test-easy (PMLNT-easy) (5 practice 
and 18 key words), the Persian Monosyllabic Lexical 
Neighborhood Test-hard (PMLNT-hard) (5 practice 
and 18 key words), the Persian Disyllabic Lexical 
Neighborhood Test-easy (PDLNT-easy) (5 practice 
and 27 key words), and the Persian Disyllabic Lexical 
Neighborhood Test-hard (PDLNT-hard) (5 practice and 
27 key words). The isolated key words were digitally 
recorded by a female native speaker of the Persian 
language under acoustically controlled conditions. The 
PLNTs were performed in different levels of SNRs, 
including -2, 0, 2, and 4 dB [33]. 

The PLNTs were administered on twenty 6-to-12-
year-old Persian-speaking children with normal hearing. 
According to the findings, the participants performed 
significantly better on SWR using the PLNTs consisting 
of easy words compared to the PLNTs consisting 
of hard words and using disyllabic words compared 
to monosyllabic words. Moreover, the participants’ 
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performance on SWR improved overall with increasing 
SNR levels. In other words, the Persian-speaking 
children’s performance on SWR is significantly 
influenced by three important variables: word lexical 
difficulty, word length, and SNR levels [33]. 

Furthermore, the PLNTs were used to investigate the 
effect of lexical difficulty on SWR performance in 7-to-
13-year-old Persian-speaking children with HL (test 
phase: 13 participants and retest phase: 9 participants). 
According to the findings, word lexical difficulty and 
word length were the most fundamental factors, having 
significant effects on the recognition of spoken words 
in children with HA or CI in the test/retest phases under 
spectrally degraded conditions [38]. Both the properties 
and the limitations of the PLNTs are illustrated in Table 2. 

Discussion

Based on the findings of this systematic review (Table 
1), only 5 assessment tools have been developed to 
assess speech recognition skills (auditory identification) 
in Persian-speaking children during more than two 
decades from 2000 to 2021 [33-36], only 4 of which 
can be used to specifically measure SWR (Table 2). 
As a screening assessment tool, Tavana can be used to 
measure general speech perception skills in 3-to-4-year-
old Persian-speaking children [35]. A child who cannot 
accomplish the identification subtest of Tavana must be 
assessed using speech recognition tests, such as Persian 
Monosyllabic Lexical Neighborhood Tests (PMLNTs-
easy and PMLNTs-hard) [33], Persian Disyllabic Lexical 
Neighborhood Tests (PDLNTs-easy and PDLNTs-hard) 
[33], Persian version of the words-in-noise (WIN) 
[34], and closed-set speech recognition test for Persian 
speaking children [36]. 

As a PB test, the closed-set speech recognition test may 
be the first assessment tool developed for measuring 
SWR skill in 4-to-6-year-old Persian-speaking children 
in quiet conditions [36]. It is recommended to use the 
test cautiously, because no results of the performance of 
children using HA and/or CI on it have been reported. 

The Persian version of the words-in-noise is a PB test 
that can be reliably used to measure SWR in 7-to-12-
year-old Persian-speaking children in competing noise 
[34]. It is advised, however, to use the WIN cautiously, 
because no results of the performance of children using 
HA and/or CI on it have been reported. 

Indeed, when we listen to a word or sentence, each 
word’s acoustic signal automatically connects to its 
stored representations in our mental lexicon [39]. 
Accordingly, we can recognize spoken words. Moreover, 
based on the NAM, the process of SWR is influenced 
by the structure of the similarity neighborhood [40]. 
Based on this assumption, the findings of several studies 
emphasized that the SWR performance of pediatric HA 
and/or CI users was influenced by the frequency and the 
neighborhood density of stimulus word similar to their 
peers with normal hearing [30, 33, 38, 41]. Furthermore, 
comparing the performance of children using CI on 
lexically controlled tests and PB word lists indicated 
that the PB tests underestimates the children’ SWR 

[41]. Therefore, as the first lexically controlled Persian 
tests based on the NAM, the PMLNTs (PMLNTs-easy 
and PMLNTs-hard) and the PDLNTs (PDLNTs-easy 
and PDLNTs-hard) can be reliably used to assess SWR 
performance under spectrally degraded conditions in 
6-to-13-year-old Persian-speaking children without HL 
and in children using HA and/or CI [33, 38]. 

In conclusion, based on the current status of speech 
recognition assessment tools for Persian-speaking 
children, it is recommended: (I) to study pediatric HA/CI 
users’ performance on the available tests; (II) to compare 
pediatric HA/CI users’ performances using the tests 
under auditory-only and audiovisual conditions; and (III) 
to develop lexically controlled tests for children under 6 
years of age. 

Conclusion

According to this systematic review, there are just 
four speech recognition assessment tools for measuring 
specifically spoken word recognition in Persian-speaking 
children. Two of them are phonetically balanced 
tests, and the other two are lexically controlled tests. 
Furthermore, a number of statements were presented 
that may be considered in future research studies. The 
results of this review article can be used as a clinical and 
research guideline for speech recognition assessment in 
Persian-speaking children with hearing disorders.
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