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Abstract
Background: Children with specific language impairment (SLI) fail to develop age-appropriate language despite
being apparently normal in other respects. Those children usually have abnormal speech perception in noise. This
work is designed to investigate speech perception in background noise in those children. It included two groups of
children: control group (15 children with normal typical language development) and study group (25 children
diagnosed with SLI). All children were submitted to intelligence scale, language assessment, full audiological
evaluation, and Arabic Pediatric Speech Intelligibility in noise test (PSI).
Results: Results showed no statically significant difference in total and verbal IQ, while non-verbal IQ was
significantly lower in the study group. As regard results of speech audiometry, the control group had better SRT
and higher WD% than the study group. Expressive, receptive, and total language scores were lower in the study
group. Arabic Pediatric Speech Intelligibility in noise test showed significantly increased PSI scores with increasing
the SNR from 0 to +8dB in both groups. The comparison between both groups showed a significant higher score
in the control group at different S/N recording conditions.
Conclusions: Children with SLI have difficulty in speech perception when compared to typically developed
language children. This difficulty is more apparent in the presence of background noise.
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Background
Specific language impairment (SLI) is a developmental
disorder that results in functional communication impairment [1]. It refers to children who fail to develop
age-appropriate language despite being apparently having normal hearing, intelligence, cognition, and neurological development; however, they talk relatively late.
Diagnosis of SLI is generally dependent on the exclusion
criteria of absence of neurological or psychiatric impairments. They also have normal hearing and vision, and a
nonverbal (performance) IQ above 85. Those children
have lower language age than excepted from their
chronological age, and they exhibit deficits in phonology,
morphology, and syntax [2].
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Several cause factors might be related to SLI including
genetic cause supported by the presence of family history in several studies ranging from 24 to 77% [3, 4].
Prenatal and perinatal exposure to tobacco, chemicals,
or disease might be risk factor for SLI [5]. Neurological
disorders such as reduced cerebral volume and atypical
pattern of cerebral asymmetry which involve perisylvian,
frontal, and parietal regions might be contibuting to the
development of SLI [6].
Specific language impairment is a very heterogeneous
disorder, and it includes expressive and receptive phonological and phonetic deficits, reduced vocabulary, or difficulties producing coherent texts [7]. Abnormal neural
encoding of auditory information appears to play a
major role in the disruption of normal language skills.
This could be related to an impaired perception of
acoustic cues in speech signals [8].
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Aims of the work

 Language assessment using modified PLS-4 test [10].

This study is designed to investigate, through psychophysical evaluation, how the speech sounds are perceived in those children with SLI in quiet and in the
presence of noise and whether encoding of the speech is
disrupted in these children or not.

Expressive language, receptive language, and total
language scores were calculated.
 Pediatric Speech Intelligibility in noise test (PSI):

Method
In this work, we recruited 40 children to participate divided into two groups: control group (group I) consisted
of 15 children with normal typical language development
and study group (group II) consisted of 25 children diagnosed with specific language impairment.
Children of the study group were evaluated by a
speech-language consultant. Their diagnostic criteria included below-average language skills as expected for the
child’s age, low language abilities that interfere with the
child’s ability to communicate effectively with other
people, the expressive language showed non-specific
words, and short simple sentences to express meanings
beyond the age at which children may be using more
complex language in addition to difficulty in understanding of receptive language [9].
Children of both groups’ age range was 3–6 years. All
children have bilateral normal peripheral hearing (≤ 15
dB along the frequency range of 250–8000 Hz) and bilateral normal middle ear function, average or above
average IQ (>85) intelligence, and normal speech and
language development as reported by parent and evidenced by modified Preschool Language Scale (PLS-4)
[10] in group I.
Exclusion criteria

Children with family history of hearing loss, children
with hearing loss or middle ear disorders, children with
behavioral disorders, low IQ, and uncooperative children. This study was done at the Audiovestibular Medicine Unit, at Tanta University. The scientific research
committee approved this thesis by approval code 30166/
3/31.
Children of both groups were submitted to the
following:
 Basic audiological evaluation [pure tone audiometry,

speech audiometry (GSI 61 audiometer, USA),
immittancemetry (Interacoustic AT235h,
Denmark)].
 Intelligence scale: using the Arabic version of the
5th edition of Stanford-Binet [10] standardized by
Faraj et al. [11]. This test covers age range from 2
up to 24 years and taps the following: short-term
memory, spatial orientation and numerical concepts,
and language skills

The child was seated in the sound-treated room and
parent seated next to him/her to make child more comfortable. Twenty sentences of meaningful Arabic sentences within the vocabulary level of children were
presented via headphones in the presence of multi-talker
babbles. Before formal testing, the child was trained to
the test procedure through training session (in quiet)
and instructed to ignore the multi-talker babbles and
concentrate on the speech sentences and repeat them.
During the formal test, 10 different sentences were
present monaurally at 40dBSL (re: SRT), and signal-tonoise ratio (SNR) was 0, 4 dB, and 8dB. Scoring is calculated by counting the number of correctly identified key
words in the sentence in the presence of multi-talker
babbles at each SNR [11, 12]. According to this test,
children fall into 5 categories: category 1 (10–29%, unintelligible speech), category 2 (30–50%, poor intelligibility), category 3 (51–66%, fair intelligibility), category 4
(67–84%, good intelligibility), and category 5 (85–100%,
excellent intelligibility).
Statistical analysis

Both Student’s t-test and Mann Whitney’s test were used
for comparison of quantitative variables between two
groups of normally and abnormally distributed data respectively. ANOVA test was used for comparison of
quantitative variables between more than two groups of
normally distributed data with Tuckey test as post hoc
test. Pearson correlation was used to show correlation
between two continuous normally distributed variables.
In all tests, P value of < 0.05 is considered statistically
significant.

Results
This study included 40 children divided into two groups.
The control group (GI) consisted of 15 children (4 males
and 11 females). Their mean age was 5.04±0.79 years
with typical language development. The study group
(GII) consisted of 25 children (19 males and 6 females).
Their mean ages were 4.77±0.85 years and diagnosed
with specific language impairment. Children of both
groups had bilateral normal peripheral hearing, bilateral
type A tympanograms, and within normal ipsilateral and
contralateral acoustic reflex thresholds.
Psychological evaluation was done for all children in
both groups using the Arabic version of the 5th edition
of Stanford-Binet [13] translated by Faraj et al. [11]. Results showed no statistically significant difference in total
and verbal IQ, while non-verbal IQ was significantly
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lower in the study group when compared to control (P<
0.05) (Table 1).
Results of PTA showed no statistically significant differences between right and left ears in each group. Comparison between groups also showed no statistically
significant differences between both groups, and the
PTA averages were 7.44±1.7dB and 9.6±1.44 4.26dB in
the right and left ears of the control group, whereas the
PTA average in the study groups was 8±1.63 and 9.7±
1.78dB in the right and left ears respectively. As regard
results of speech audiometry, children of both groups
showed normal SRTs in both the right and left ears with
no significant difference; however, the control group had
better SRT than the study group. The WD% also showed
significantly higher scores in the control group in both
ears (Table 1).
Evaluation of expressive and receptive language was
done using PLS-4 test [10]. In each group, there was no
statistically significant differences between scores of both
types of language tests. The comparison between both
groups showed lower scores in the study group when
compared to normal group for the expressive, receptive,
and total language scores indicating language delay in
the study groups at all levels (Table 1).
Arabic Pediatric Speech Intelligibility in noise test at
different SNR of 0, +4, and +8dB was done in each
group. Results in the control and study groups showed
no statistically significant differences between the right
ear and left ears for different SNRs paradigm. In each
group, there were significantly increased PSI scores with
increasing the SNR from 0 to +8dB in both the right and
left ears. The comparison between control and study
groups showed significant higher scores in the control
group at different SNR recording conditions. All participants were affected by noise, but the study group was
more affected than control group (Table 2).
Spearman correlation was done between PSI scores
and age. Results showed a statistically significant positive
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correlation between PSI at different SNR and age which
was maximum at 0 SNR. Spearman correlation was also
done between PSI and language test scores and revealed
statistically significant positive correlation between PSI
at different SNRs and language test score at 0 SNR. At
other SNRs, only expressive language scores showed a
positive correlation at 4 and 8 SNRs (Table 3).

Discussion
Specific language impairment has long-term adverse sequelae on language, learning, and behavior. Both groups
of this study showed no significant difference as regard
age; however, the study group showed high prevalence
of SLI in male children (3:1). This agreed with many
clinical data, for example, Dockrell and Lindsay [14] and
EL-Amergy et al. [15].
All children of the study group had normal IQ. Similar
results were reported by Bishop and McArthur [16] who
reported that SLI children have normal IQ. However,
the nonverbal IQ was significantly lower in the study
group. This suggested the presence of independent
causal pathways for verbal and nonverbal IQ outcomes,
particularly in the domain of grammar [17]. In each
group, the comparison of expressive and receptive language scores was done and revealed no statistically significant difference. However, the study group showed
lower scores in the expressive, receptive, and total language when compared to normal group. This indicated
language delay in the study groups at all levels. Brain imaging, behavioral, and neurophysiological studies showed
that SLI is a neurodevelopmental disorder that is characterized by a disturbance in the dynamics of brain development. This in turn will affect the cortical and
subcortical morphology in the brain regions that support
language acquisition, learning, and memory and will be
reflected as lower language processing skills [18–20].
In each group, there were no significant differences between the expressive and receptive language scores using

Table 1 Results of the language test in both groups. *P significance <0.05
Age
IQ

Language scores

SRT

WD%

GI

GII

t-value

P-value

5.04±0.79

4.77±0.85

1.17

0.24

Total

108.00 ± 5.35

106.96 ± 7.16

0.60

0.54

Non-verbal

109.93 ± 7.03

99.28 ± 13.64

3.53

0.001*

Verbal

97.93 ± 8.96

96.24 ± 11.93

0.60

0.55

Expressive

4.91±.8

4.11±.93

2.79

<0.009*

Receptive

5.2±.83

4.12±.86

3.52

<0.001*

Total

5.05±.79

4.11±.95

3.9

<0.001*

Right ear

6.33±2.28

10±2.5

5.21

<0.001*

Left ear

7±2.53

9.4±2.19

3.04

<0.001*

Right ear

98.57±1.98

84.48±4.9

12.55

<0.001*

Left ear

99.14±1.8

83.2±5

14.43

<0.001*
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Table 2 Results of the PSI test in both groups. *P significance <0.05
Right

Left

GI

GII

t-value

P-value

0 dB

60.00 ± 7.55

14.80 ± 7.70

5.37

<0.001*

+4 SNR

75.33 ± 7.43

49.20 ± 9.53

9.07

<0.001*

+8 SNR

92.66 ± 7.98

68.00 ± 8.16

9.32

<0.001*

F=68.22 P<0.001
P1<0.001 P2>0.001 P3>0.001

F=63.57* P<0.001
P1<0.001 P2>0.002 P3>0.001

0 dB

56.66 ± 9.75

15.20 ± 8.71

5.34*

<0.001*

+4 SNR

73.33 ± 6.17

46.80 ± 9.00

10.06

<0.001*

+8 SNR

89.33 ± 7.98

67.20 ± 7.91

8.53

<0.001*

F=62.27* P<0.001
P1<0.001 P2>0.002 P3>0.001

F=60.90 P<0.001
P1<0.001 P2>0.002 P3>0.001

PLS-4 test [10]. However, the comparison between both
groups showed lower scores in the study group when
compared to control for the expressive, receptive, and
total language scores. This agreed with Dale et al. [21].
Results of PTA showed within normal results with no
significant differences between both groups. Results of
speech audiometry showed within normal results in both
groups, however, with significant higher SRTs and lower
SD% scores in the study group in both the right and left
ears. This might be related to deficits in sound context
and inability to hear the acoustic distinction among successive brief speech sounds with subsequent difficulty in
auditory perception [22]. Language-impaired children
also have difficulty in creating complex semantic relationships within and between words, although their early
lexical development matches that of children with normal typical language development [15].
Arabic Pediatric Speech Intelligibility in noise test was
done at different SNR (0, +4, and +8dB) in both groups.
This test was designed to assess the selective auditory attention, auditory closure, cognitive, speech, and language
abilities. In each group, both the right and left ears showed
similar results at different SNRs with significantly increased PSI scores with increasing the SNR from 0 to
+8dB in both ears in each group (Table 2). This emphasizes the previous notion that noise has a physiological
and psychological impact on the individuals exposed to it.
Generally, it interferes with the oral communication
through its masking effect on speech sounds, in addition
to its main effect of reducing hearing [23]. The
Table 3 Correlation results between PSI scores, age, and
language tests. *P significance <0.05
PSI

Age

Language tests
Total

Expressive

Receptive

r

P

r

P

r

P

r

P

0 dB

0.53

<0.001

0.61

0.001

0.68

<0.001

0.61

0.001

+4 SNR

0.31

0.02

0.37

0.06

0.48

0.01

0.35

0.07

+8 SNR

0.32

0.02

0.28

0.16

0.40

0.04

0.27

0.18

comparison between both groups showed significant
higher scores in the control group at different SNRs. This
indicated that noise has more effect on children with SLI.
Hearing in noise requires more attention, and speech cues
used to understand speech are reduced in this situation.
Generally, speech recognition is accompanied by a combination of acoustic, linguistic, semantic, and circumstantial cues. These redundant cues are used by the listener
according to the communication context and situation
[24].
The effect of noise was more pronounced on children
with SLI than control group. Similar results were found
by several authors (e.g., [15, 25]). They reported poor
scores of SLI group and poor speech tasks in background noise. Al-Assy et al. [26] reported lower scores
of PSI test with ipsilateral competing message (ICM)
that was poorer than contralateral competing message
(CCM) in SLI children compared to normal.
Children with SLI are generally inefficient in processing
the information underlying speech identification, and the
condition is exacerbated by the presence of background
noise. Both the peripheral and central auditory systems
encode acoustic information sufficiently well as regard the
envelope, periodicity, fine structure, and spectral cues in
addition to intact masking release and intact temporal,
and spectral auditory capacities [27, 28]. However, the
central auditory system is inefficient at mapping acoustic
information onto phonetic features to achieve normal recognition [27]. Delayed maturation of auditory closure, impaired attention, and impaired binaural separation are
additional factors contributing to abnormal encoding of
speech in those children [15]. Ziegler and Goswami [28]
reported that temporal resolution is required to follow the
background fluctuations and to extract speech cues from
the background noise, whereas spectral resolution is required to access parts of the speech spectrum that are not
or less masked by the background noise.
There was a positive correlation between different
SNRs of PSI and expressive language age score indicating that as the age of the child increase the better the
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language age. This may reflect pronounced central auditory affection which improved with increasing age [26].
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Conclusion
In conclusion, the present study points to an important
connection between SLI and speech perception deficits
particularly in the presence of background noise. Those
children have abnormal encoding for specific acoustic features, reduction in synchronous neural firing to transient
changes in speech, and impaired neural encoding of the
duration and offset of a stimulus. This abnormality was
manifested as abnormal PSI test results. So, it is recommended that PSI recording in the presence of noise should
be part of the battery used for not only evaluating such
impairment but for follow up after rehabilitation.
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