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Background: The current study investigated lexical effects on the recognition
of spoken words in Persian-speaking children with hearing impairment using
Persian lexical neighborhood tests (PLNTs).
Methods: The research was administered as a cross-sectional study. PLNTs
were performed on thirty-three pediatric hearing aid (HAs) or cochlear implant
(CIs) users by sound field under spectrally degraded conditions. Thirteen 7-to13-year-old (8 boys and 5 girls) participants completed the experiments, which
were administered in a 3 × 4-m acoustic room using a sound field. The order of
the tests in each session was from the lowest to the highest signal-to-noise ratios
(SNRs), ranging from − 2 to 4 dB. The experiments were repeated by the same
examiners under the same conditions two months later with nine of the thirteen
participants.
Results: Pediatric users of HAs or CIs could not optimally recognize spoken
words in noise, specifically when they had to recognize words through an
auditory-only modality. There was a significant difference in the participants’
SWR performance on the PMLNT-easy versus the PMLNT-hard and the PDLNTeasy versus the PDLNT-hard based on independent samples T test (P<0.001).
There was a significant difference in the participants’ SWR performance on the
PMLNT-easy versus the PDLNT-easy and the PMLNT-hard versus the PDLNThard based on the independent samples T test as well (P<0.001). Accordingly,
word lexical difficulty (easy/hard words) and word length (monosyllabic/
disyllabic words) were the most fundamental factors having significant effects
on the recognition of spoken words in children with HAs or CIs in the test/
retest phases.
Conclusion: The PLNTs, as a valid assessment toolkit, can be reliably used to
measure SWR performance under spectrally degraded conditions in Persianspeaking children with hearing impairment using HAs or CIs.
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Introduction
Speech perception (SP) as the most direct outcome of
cochlear implantation plays a fundamental role in the
*Corresponding author: Mohammad Majid Oryadi-Zanjani, PhD; Department
of Speech Therapy, School of Rehabilitation Sciences, Abiverdi1, Chamran
Blvd., P.O. Box: 71345-1733, Shiraz, Iran. Tel: +98 9171894043
Email: oryadim@gmail.com

development of speech, language, and literacy skills in
children using cochlear implants (CIs) [1]. It comprises
a hierarchy of processing levels including detection of
utterance (identification), discrimination of its component
sounds from others (discrimination), recognition of word
(spoken word recognition), and, ultimately, connecting
a recognized word to its meaning (comprehension) [2].
Therefore, the evaluation of children’s spoken word
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recognition (SWR) as one of the essential levels of speech
perception can be clinically used to monitor the efficiency
of implantation and determine appropriate interventional
goals [3]. However, difficulty understanding speech
in noise has remained one of the main challenges in
research and clinical work related to the outcomes of
pediatric cochlear implantation [1, 4-8]. Accordingly,
studies on children using CIs have focused on three
essential issues: developing assessment tools to measure
SP, studying SP in noise, and developing interventional
approaches to improve SP [1, 3, 9]. To develop effective
treatment programs, it is important to determine the main
issues of cochlear-implanted children’s performance on
SP generally and SP in noise specifically. Accordingly,
standard clinical measures are needed to enable
researchers to reflect the real-world performance of
children [5]. The neighborhood activation model (NAM)
demonstrates the relationship between word frequency
and neighborhood density as the fundamental factor in
SWR process [10]. Using NAM, a number of assessment
tools have been developed to examine SWR in children
with hearing loss [who use HAs or CIs compared to their
peers with normal hearing (NH)] [3, 11-25]. Initially, two
lexically controlled tests, the Lexical Neighborhood Test
(LNT) and the Multisyllabic Lexical Neighborhood Test
(MLNT), were developed by pioneers in this field, Kirk
et al. [3, 11]. Other tests were developed in English and
other languages, including Lexically Controlled Words
and Sentences [15], Lexically Controlled Sentences [20],
Mandarin LNT and MLN [21], Multimodal Sentences [22],
Multimodal Lexical Sentence Test for Children (MLST-C)
[23], Korean lexically-controlled sentences [24], and
Persian Lexical Neighborhood Tests (PLNTs) [25].
Findings of on the SWR in children with HAs [23,
26], children with CIs [11-17, 19, 21, 22, 24, 26-28],
and children with NH [15, 18, 20-22, 25, 26] by using
lexically controlled tests can be summarized as follows:
first, lexically easy words are significantly recognized
more accurately than lexically hard words; second,
as a lexically variable, word length influences SWR
significantly (i.e. multisyllabic words were significantly
recognized better than monosyllabic words); third,
children’s performance on SWR is enhanced by
increasing the signal-to-noise ratio (SNR); and finally,
hearing-impaired children’s performance on SWR is
influenced by the lexical difficulty of words as well
as the word length similar to their peers with NH.
Furthermore, as Kirk et al. showed, lexically controlled
tests for measuring SWR, such as the LNT and MLNT,
can be used to predict a child’s ability to acquire spoken
language [13]. Therefore, lexically controlled tests are
clinically effective tools to assess SWR ability in children
before and after cochlear implantation [13, 26].
Oryadi-Zanjani et al.’s findings on Persian-speaking
children with hearing loss showed that audiovisual SWR
and audiovisual sentence repetition can be considered
as two clinical measures to evaluate the efficiency
of sensory aids (HAs or CIs) in the children. They
emphasized, however, the need to develop specific
assessment tools to measure SWR and sentence repetition
abilities in children [29, 30]. Oryadi-Zanjani and Zamani
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developed PLNTs as lexically controlled tests, namely
the Persian Monosyllabic Lexical Neighborhood Test
(PMLNT-easy and PMLNT-hard) and the Persian
Disyllabic Lexical Neighborhood Test (PDLNT-easy and
PDLNT-hard). According to their findings, the PLNTs,
as a valid assessment toolkit, can be used to measure
SWR performance in Persian-speaking children under
spectrally degraded conditions [25].
As children with hearing disorders usually have
deficiencies in speech recognition, the aim of the present
study was to investigate lexical effects on SWR in
Persian-speaking children with HAs or CIs using PLNTs.
It was hypothesized that the performance of children with
CIs or HAs on SWR would be affected by the lexical
difficulty and word length under spectrally degraded
conditions.
Methods
The research was administered as a cross-sectional
study. Informed consent was obtained from the parents
of the children participating in the study, and the research
protocol was approved by the Ethics Committee of Shiraz
University of Medical Sciences, Shiraz, Iran (IR.SUMS.
REC.1395.S509).
Participants
Thirty-three 7-to-13-year-old children (mean=9.12),
including 19 with unilateral CIs and 14 with bilateral
HAs (19 boys and 14 girls), were recruited from
primary schools in Shiraz, Iran, through consecutive
sampling. There was no significant difference between
the distribution of CIs versus HAs (χ2=0.758, P>0.05)
or between boys versus girls (χ2=0.758, P>0.05). All
participants met the following inclusion criteria: 1)
spoken Persian as the primary language, 2) a bilateral
symmetrical sensorineural hearing loss with pure tone
average thresholds >30dB HL, 3) normal tympanometry
bilaterally, 4) using oral language as the communication
method pre- and post-implantation (specifically for CIs
users), 5) using HAs as a trial before cochlear implantation
(specifically for CIs users), 6) educated at the Soroush
Rehabilitation Center in Shiraz, Iran, before entering
school, and 7) no additional handicapping conditions.
Assessment Tool
PLNTs, i.e. PMLNT-easy, PMLNT-hard, PDLNTeasy, and PDLNT-hard, were used to measure SWR
performance in Persian-speaking children under
spectrally degraded conditions. According to OryadiZanjani and Zamani’s findings, the participants performed
significantly better on SWR using PLNTs consisting of
easy words compared to PLNTs consisting of hard words
and using disyllabic compared to monosyllabic words.
Moreover, their performance on SWR improved overall
with increases in SNR levels [25].
Procedure
The same instructions as those listed in Oryadi-Zanjani
and Zamani’s study [25] were followed in examining
participants. The experiments were administered at the
JRSR. 2021;8(4)
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Hearing-Speech Lab of Soroush Rehabilitation Center
in Shiraz, Iran, using a sound field. Two females, one
psychologist and one teacher of hearing-impaired
children, collaborated as examiners. Thirteen participants
(CIs users=3; HAs users=10) completed the examination;
20 participants (CIs users=16 and HAs users=4) could
not hear the words in noise at all. To measure the
reliability of the outputs, the experiments were repeated
by the same examiners and under the same conditions
two months later with 9 of the 13 participants who agreed
to take part again.
The participants’ score on each subscale was calculated
based on the numbers of the words repeated correctly
divided by the total numbers of the words. Therefore,
each participant had 20 scores. The means of the
participants’ scores were compared statistically through
IBM SPSS version 23 software using the Wilcoxon
signed-rank test and the independent samples t test at the
significance level of 0.05 in terms of lexical difficulty,
number of syllables, and SNR levels.

SNR levels. A significant difference was found in the
participants’ SWR performance using the PMLNT-easy
and the PMLNT-hard in the SNR levels of 0, 2, and 15 dB
(P<0.05), but no significant difference was observed in
the SNR levels of -2 and 4 dB (P>0.05). The performance
of hearing-impaired children on PMLNTs (easy/hard) was
highly dependent on SNR levels (Figure 1). A significant
difference was also found in the participants’ SWR
performance using the PDLNT-easy and the PDLNT-hard
in SNR levels from -2 to 15 dB (P<0.05). The participants
performed significantly better on the SWR using the
PDLNT-easy compared to the PDLNT-hard independent
from the SNR levels (Figure 1).
According to the methods used, all of the hearingimpaired children (33 participants) could successfully
perform the PLNTs in the SNR level of 15 dB. Thus,
there was a significant difference in the participants’
SWR performance on the PMLNT-easy versus the
PMLNT-hard and the PDLNT-easy versus the PDLNThard based on the independent-samples t test (P<0.001).

Results

Retest Phase
To investigate the reliability of the results related to
the effect of lexical difficulty on the SWR in hearingimpaired children, their mean scores in the retest phase
(9 participants) of the PMLNT-easy versus the PMLNThard and the PDLNT-easy versus the PDLNT-hard in the
different SNR levels were compared with the Wilcoxon
signed-rank test. A significant difference was found in
the participants’ SWR performance using the PMLNTeasy and the PMLNT-hard in the SNR levels of 2 and
15 dB (P<0.05); however, no significant difference was
observed in the SNR levels of -2, 0, and 4 dB (P>0.05)
(Figure 2). Similar to the test phase, the performance of
hearing-impaired children on the PMLNTs (easy/hard)
was highly dependent on the SNR levels in the retest

The means and standard deviations of the scores of
hearing-impaired children (test-retest) in the PLNTs
based on SNR levels are shown in Table 1.
Spoken Word Recognition Performance in HearingImpaired Children
Test Phase
To investigate the effect of lexical difficulty on SWR
in hearing-impaired children, participants’ mean scores
from the test phase (13 participants) were compared
using the Wilcoxon signed-rank test; comparisons were
made between the PMLNT-easy versus the PMLNT-hard
and the PDLNT-easy versus the PDLNT-hard in different

Table 1: The scores of hearing-impaired children (test-retest) in the PLNTs based on SNR levels
SNR* (dB)
Hearing-impaired children
Subscales
N+
Test
Retest
Mean (SD#)
Mean (SD#)
PMLNT-easy
HI^-test=13
-2
0.18 (0.11)
0.20 (0.11)
HI-retest=9
PMLNT-hard
0.15 (0.11)
0.23 (0.15)
PDLNT-easy
0.44 (0.17)
0.56 (0.13)
PDLNT-hard
0.29 (0.12)
0.35 (0.18)
PMLNT-easy
0
0.25 (0.17)
0.26 (0.11)
PMLNT-hard
0.17 (0.10)
0.23 (0.10)
PDLNT-easy
0.54 (0.17)
0.67 (0.12)
PDLNT-hard
0.35 (0.17)
0.43 (0.15)
PMLNT-easy
+2
0.34 (0.25)
0.34 (0.12)
PMLNT-hard
0.21 (0.09)
0.26 (0.14)
PDLNT-easy
0.65 (0.15)
0.75 (0.10)
PDLNT-hard
0.50 (0.13)
0.50 (0.12)
PMLNT-easy
+4
0.34 (0.16)
0.39 (0.17)
PMLNT-hard
0.29 (0.10)
0.34 (0.19)
PDLNT-easy
0.70 (0.11)
0.77 (0.15)
PDLNT-hard
0.54 (0.13)
0.58 (0.11)
PMLNT-easy
HI-test=33
+15
0.70 (0.19)
0.88 (0.06)
HI-retest=9
PMLNT-hard
0.58 (0.15)
0.76 (0.08)
PDLNT-easy
0.85 (0.18)
0.96 (0.04)
PDLNT-hard
0.71 (0.10)
0.77 (0.04)
+
Number; * signal-to-noise ratio; # standard deviation; ^ hearing-impaired
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171

Oryadi-Zanjani MM et al.

Figure 1: Comparison of hearing-impaired children’s mean scores on the PLNTs in test phase

Figure 2: Comparison of hearing-impaired children’s mean scores on the PLNTs in retest phase

phase. Moreover, a significant difference was found in
the participants’ SWR performance using the PDLNTeasy and the PDLNT-hard in SNR levels from -2 to 15 dB
(P<0.05) (Figure 2). In sum, the results of the test phase
were verified by the results of the retest phase.
Effect of Word Length on Spoken Word Recognition in
Hearing-Impaired Children
Test Phase
To investigate the effect of word length on the SWR
in hearing-impaired children, their mean scores in the
test phase (13 participants) of the PMLNT-easy versus
the PDLNT-easy and the PMLNT-hard versus the
PDLNT-hard in the different SNR levels (-2 to 4 dB)
were compared with the Wilcoxon signed-rank test.
A significant difference was seen in the participants’
SWR performance using the PMLNT-easy versus the
PDLNT-easy (P<0.05) and the PMLNT-hard versus
the PDLNT-hard (P<0.05) in SNR levels (Figure 1).
Using the methods outlined, all of the hearing-impaired
children (33 participants) could successfully perform the
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PLNTs in the SNR level of 15 dB. Significant differences
were seen in the participants’ SWR performance on the
PMLNT-easy versus the PDLNT-easy and the PMLNThard versus the PDLNT-hard based on the independent
samples t test as well (P<0.001) (Figure 1). Participants
performed significantly better on SWR using disyllabic
words compared to monosyllabic words for all stepwise
increases in the SNR.
Retest Phase
To investigate the reliability of the results related
to the effect of word length on the SWR in hearingimpaired children, their mean scores in the retest phase
(9 participants) of the PMLNT-easy versus the PDLNTeasy and the PMLNT-hard versus the PDLNT-hard in
different SNR levels (-2 to 4 dB) were compared using
the Wilcoxon signed-rank test. A significant difference
was seen in the participants’ SWR performance using
the PMLNT-easy versus the PDLNT-easy (P<0.05) and
the PMLNT-hard versus the PDLNT-hard (P<0.05) in
the SNR levels (Figure 2). Furthermore, according to
JRSR. 2021;8(4)
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the methods, all of the hearing-impaired children (33
participants) could successfully perform the PLNTs
in the SNR level of 15 dB. There was a significant
difference in the participants’ SWR performance on the
PMLNT-easy versus the PDLNT-easy and the PMLNThard versus the PDLNT-hard based on the independent
samples t test as well (P<0.001) (Figure 2). Participants
performed significantly better on SWR using disyllabic
words compared to monosyllabic words for all stepwise
increases in the SNR. Therefore, the results of the test
phase were verified by the results of the retest phase.
Effect of Signal-to-Noise Ratio Levels on Spoken Word
Recognition in Hearing-Impaired Children
Test Phase
To investigate the effect of SNR level on the SWR
in the hearing-impaired children, their mean scores
on the PMLNT (easy/hard) and the PDLNT (easy/
hard) in the test phase (13 participants) were compared
across the different SNRs (-2 to 15 dB) using repeated
measures ANOVA. A significant difference was found
in the participants’ SWR performance at different SNR
levels using all the subscales, including the PMLNTeasy (P<0.001), PMLNT-hard (P<0.001), PDLNT-easy
(P<0.001), and the PDLNT-hard (P<0.001). The hearingimpaired children’s overall SWR performance improved
by increasing the SNR levels from -2 to 15 dB (Figure 1).
This improvement was similar for all stepwise increases
in the SNR (P<0.001).
Retest Phase
To investigate the reliability of the results related to the
SNR levels on SWR in hearing-impaired children, their
mean scores on the PMLNT (easy/hard) and the PDLNT
(easy/hard) in the retest phase (9 participants) were
compared across the different SNRs (-2 to 15 dB) using
the repeated measures ANOVA. A significant difference

was found in the participants’ SWR performance at
different SNR levels using all the subscales, including
the PMLNT-easy (P<0.001), PMLNT-hard (P<0.001),
PDLNT-easy (P<0.001), and PDLNT-hard (P<0.001). The
hearing-impaired children’s overall SWR performance
was improved by increasing the SNR levels from -2 to
15 dB (Figure 2). This improvement was similar for all
stepwise increases in the SNR (P<0.001). Therefore, the
results of the test phase were verified by the results of the
retest phase.
Effect of Sex on Spoken Word Recognition in HearingImpaired Children
As shown in Table 2, the mean scores on the PLNTs in
the SNR levels (-2 to 15 dB) were compared between the
hearing-impaired children based on sex using the MannWhitney Test. No significant difference was found in
spoken word recognition performance between the girls
and the boys based on SNR levels (P>0.05).
Effect of Amplification Device Type on Spoken Word
Recognition in Hearing-Impaired Children
As shown in Table 3, the mean scores on the PLNTs
in the SNR level of 15 dB were compared between the
hearing-impaired children based on the amplification
device type by the Mann-Whitney Test, because the
distribution of amplification device type was different
among participants (CIs users=3; HAs users=10). There
was no significant difference in spoken word recognition
performance between children using HAs and children
using CIs on the SNR (P>0.05).
Discussion
The first finding revealed that neither gender nor
amplification device type (HAs/CIs) was a determinant
factor for the hearing-impaired children’s performance

Table 2: Comparison of differences of mean scores on PLNTs in hearing-impaired children based on sex
SubSNR* levels
+
scales
-2 dB
0 dB
2 dB
4 dB
N
Mean (SD) PMean (SD) PMean (SD)
Mean (SD#) Pvalue Girl Boy
value Girl
value Girl
Girl Boy
Boy
Boy
>0.05 0.22 0.27 >0.05 0.25
0.39
>0.05 0.33
0.34
PMLNT- Girl=5 0.19 0.18
Boy=8 (0.13) (0.10)
(0.09) (0.20)
(0.13) (0.29)
(0.16) (0.16)
easy
PMLNT0.11 0.18
>0.05 0.12 0.20 >0.05 0.18
0.23
>0.05 0.28
0.30
hard
(0.08) (0.12)
(0.09) (0.10)
(0.10) (0.08)
(0.07) (0.13)
PDLNT0.40 0.46
>0.05 0.50 0.56 >0.05 0.63
0.65
>0.05 0.68
0.71
easy
(0.20) (0.16)
(0.18) (0.17)
(0.18) (0.13)
(0.12) (0.11)
PDLNT0.30 0.29
>0.05 0.37 0.33 >0.05 0.52
0.48
>0.05 0.52
0.55
hard
(0.14) (0.12)
(0.18) (0.18)
(0.17) (0.11)
(0.12) (0.14)
+
Number; * signal-to-noise ratio; # standard deviation

N

15 dB
Mean (SD)
Girl
Boy
>0.05 Girl=14 0.71
0.70
Boy=19 (0.17) (0.20)
>0.05
0.58
0.58
(0.18) (0.12)
>0.05
0.82
0.87
(0.25) (0.09)
>0.05
0.72
0.70
(0.10) (0.10)
Pvalue

Table 3: Comparison of differences of mean scores on PLNTs in hearing-impaired children based on amplification device type
Subscales
SNR* levels
N
15 dB
Mean (SD#)
CI~
HA^
PMLNT-easy
HA=14
0.68 (0.15)
0.72 (0.21)
CI=19
PMLNT-hard
0.59 (0.18)
0.58 (0.12)
PDLNT-easy
0.83 (0.26)
0.86 (0.08)
PDLNT-hard
0.74 (0.10)
0.68 (0.09)
+
Number; * signal-to-noise ratio; # standard deviation; ^ hearing aid; ~ cochlear implant
JRSR. 2021;8(4)

Pvalue
>0.05
>0.05
>0.05
>0.05

P-value
P>0.05
P>0.05
P>0.05
P>0.05
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on SWR. This finding was consistent with the previous
findings in which there was no difference between girls’
and boys’ performance on SWR [12, 13, 15, 21, 31].
Additionally, considering the similar performance of
children using CIs and those using HAs in the PLNTs,
the current findings corresponded to Kirk et al.’s results,
indicating that there is no significant difference between
the percentage of key words correctly identified by
children with CIs or HAs in the MLST-C [23].
The second finding revealed that there was a significant
improvement in the hearing-impaired children’s
performance in SWR with increasing signal-in-noise
thresholds, based on the PLNTs scores for all stepwise
increases in the SNR (-2 to 15 dB). That is, the SNR
was an essential factor influencing the ability of hearingimpaired children to recognize spoken words. It should be
noted that sixteen of the twenty children using CIs could
not accomplish the experiments due to their complete
inability to hear words in noise. As such, the majority
of the children with CIs could not recognize the spoken
words in noise (SNR=-2 to 4dB). Thus, in agreement
with findings from other studies, pediatric users of HAs
or CIs could not optimally recognize spoken words in
noise [1, 6-8, 11-13, 15, 21, 24, 26, 28], specifically when
they had to recognize words through an auditory-only
modality [14, 17, 18, 22, 23, 29, 30].
The third finding revealed that word lexical difficulty
(easy/hard words) and word length (monosyllabic/
disyllabic words) had significant effects on the
recognition of spoken words in children with HAs or
CIs in the test/retest phases. Thus, in accordance with
previous findings [1, 11, 17, 21-23, 26-28], the current
results demonstrate that pediatric HAs or CIs users’ word
recognition performance is influenced by both lexical
properties of the stimulus words and word length. The
participants’ word recognition performance improved on
the lexically “easy” word lists in both the monosyllabic
and disyllabic stimulus words. Therefore, similar to
children with NH, hearing-impaired children used: (a)
structural information related to familiar words organized
into similar neighborhoods in long-term memory in order
to recognize spoken words [11, 25, 32, 33], and (b) length
cues as well as spectral information in recognizing words
due to their significantly better performance in disyllabic
compared to monosyllabic word recognition [11, 25, 33].
The final finding indicated that participants’ performance
on the PLNTs was similar in both the test and the retest
phases, suggesting that the PLNTs are a reliable toolkit
for assessing SWR in Persian-speaking children using
HAs or CIs. However, it is recommended that PLNTs be
applied in studies with higher sample sizes to confirm the
current findings.
In keeping with Oryadi-Zanjani and Zamani’s
findings [25], the current study primarily verified the
high capability of the Persian Lexical Neighborhood
Tests as a lexically controlled assessment toolkit for
measuring the reliably of the real-world performance of
Persian-speaking children with HAs or CIs on spoken
word recognition under spectrally degraded conditions.
Furthermore, similar to children with NH, the processing
of SWR in children with HAs or CIs is subordinated to
174

two essential factors, including word length and word
lexical difficulty. Finally, the performance of children
with HAs or CIs in recognizing spoken words is
significantly declined with increases of even as much as
2 dB of noise in their environment.
Conclusion
The PLNTs, as a lexically controlled assessment toolkit,
can be reliably used to measure the SWR performance
under spectrally degraded conditions in Persianspeaking children with hearing impairment using HAs
or CIs. Hearing-impaired children’s word recognition
performance is influenced by both lexical properties of
the stimulus words and word length under spectrally
degraded conditions.
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