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ABSTRACT

Objectives: To validate and assess the reliability of the 
new version of an Arabic speech intelligibility rating 
among different raters.

Methods: This cross-sectional analysis was carried 
out between December 2018 and January 2019. 
Thirty cochlear-implant (CI) children (study group) 
and 30 subjects (control group) were enrolled. Study 
candidates’ speech skills were evaluated using the 
translated Arabic SIR by parents and original SIR 
by professions such as speech-language pathologists 
(SLPs). Inter-rater agreement, test–retest reliability, 
pre- and post-intervention score (responsiveness test), 
patient versus control score comparison (discriminant 
validity), and cross-validation of Arabic SIR have all 
been assessed. 

Results: There was a good sense of agreement between 
the post-operative SIR parents’ assessments and the 
professional SLPs’ assessments (r=0.920, p<0.001). 
The mean of study subjects pre- and post-implantation 
score of Arabic SIR showed a statistically significant 
difference (p<0.001).

Conclusion: The Arabic SIR demonstrated excellent 
reliability with strong consistency. It showed its 
clinical ability in distinguishing healthy subjects from 
patients along with follow up of speech development 
skills over time. The Arabic SIR can be used by parents 
to evaluate post-CI progress of their children.
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Severe-to-profound hearing loss in early childhood 
interferes with normal development of speech 

and language and had negative impact on child’s 
education.1 An ultimate outcome of cochlear implant 

(CI) is intelligible speech acquisition and language 
development.2 A rating scale provides a feasible method 
to monitor patients over a long period of time. However, 
a rating scale can only be used by different raters when 
they ascertain its inter-rater reliability. Good inter-rater 
reliability implies that the differences can be attributed 
to the behaviors of the patients being evaluated rather 
than the variability in scoring by the different observers.3 
Inter-observer reliability is a statistical method to 
measure the extent of confounding errors that affect the 
perceived scoring, measured using intra-class correlation 
coefficient (ICC).4 High ICC values indicates high 
agreement among the raters.3 Speech intelligibility rating 
(SIR) is an adapted scale that allows both experienced 
listeners, including audiologists or speech-language 
pathologists (SLPs), and normal-hearing listeners 
with no prior expertise to assess speech perception 
before and after CI.5 It is comprised of 5 categories as 
shown in Table 1. Speech intelligibility is higher as the 
classification number increases.3 There is an increased 
need for a reliable validated Arabic version of SIR which 
will provide substantial clinical implications toward the 
practice of healthcare providers among Arabic-speaking 
populations. Moreover, this enhances the delivery of 
accurate assessments and monitoring the progress of CI 
patients. The availability of a validated Arabic SIR (that 
shows good reliability between professional and non-
professional raters) also gives families a daily assessment 
tool to monitor their children’s performance and helps 
to set home training targets for speech rehabilitation. 
A thorough search in the literature demonstrated no 
existing validated Arabic SIR. 
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Table 1 - Categories of speech intelligibility rating (SIR) scales.

SIR category Speech intelligibility category

Category 5 Connected speech is intelligible to all listeners. The 
child is understood easily in everyday contexts

Category 4 Connected speech is intelligible to a listener who 
has little experience of a deaf person’s speech. The 

listener does not need to concentrate unduly

Category 3 Connected speech is intelligible to a listener who 
concentrates and lip-reads within a known context

Category 2 Connected speech is unintelligible. Intelligible 
speech is developing in single words when context 

and lip-reading cues are available

Category 1 Pre-recognizable words in spoken language. The 
child’s primary mode of everyday communication 

may be manual
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The purpose of our study is therefore to validate and 
estimate the inter-observer reliability (between SPLs 
and parents) of Arabic SIR. 

Methods. Development of an Arabic SIR. The 
newly designed Arabic SIR were developed. The 
recommendations for standard cross cultural adaptation 
were followed in this study.6 The original SIR was 
translated by 2 professional linguistic advisors (mother 
tongues are Arabic), and the Arabic SIR was evaluated by 
3 SLPs who speak both languages and 10 special-needs 
teachers. As per their advice, minimal changes have 
been implemented for cultural adaptation purposes. 
The Arabic version was then translated back to English 
by another 2 linguistic advisors. Back translated version 
was compared to the original version of SIR and yielded 
high similarity, ensuring that the original meaning was 
preserved. 

The ethical committee of  College of Medicine, 
King Saud University, Riyadh, Saudi Arabia approved 
the research protocol, and informed consent was taken 
from subject’s parents. This cross-sectional study was 
conducted at King Abdullah Ear Specialist Center, 
Riyadh, Saudi Arabia between December 2018 and 
January 2019. The study included 30 patients and 30 
control subjects. Group of patients were enrolled from 
post-CI pediatric speech rehabilitation clinic, while the 
group of controls (with normal hearing) were enrolled 
from clinics of pediatrics in the same center. The study 
enrolled every third patient arriving at both clinics. 
The inclusion criteria were pediatric prelingually deaf 
patients who received CI surgery. The exclusion criteria 
were adults (aged 18 and above), any patient who has 
post-lingual deafness, and those with psychological or 
neurological diseases. 

The process of validation. Every subject underwent 
an interview and was assessed by a SLP and one of their 
parents, using Arabic SIR, for inter-rater reliability. 
The meaningful use of speech scale (MUSS) is a test 
that assess the speech development in children. It has 
3 domains: voice control, communication skills, and 
spontaneous use of language and this test was carried 
out for all subjects by SLPs for cross-validation with 
the parents’ scores of their children for Arabic SIR.7 To 

assess internal consistency of Arabic SIR, the evaluations 
were repeated after 14 days for test-retest reliability 
using intraclass correlation coefficient (ICC). Post-
implantation Arabic SIR scores were compared with 
pre-implantation SIR scores. The patients’ Arabic SIR 
scores were also compared with the Arabic SIR scores in 
the control group for discriminant validity. 

Statistical analysis. The statistical analysis was 
performed by the Statistical Package for Social Sciences 
version 23.0 (Inc, IBM, Armonk, New York, USA) was 
used to analyze the data. The expression of date was 
numbers and percentages for categorical data and mean, 
standard deviation, and range for continuous date. For 
the aim of comparing 2 categorical data Chi-square tests 
was used. And to compare 2 different means we utilized 
the Fisher’s exact test and t-test. The statistics of Kappa 
were implemented to discover any discrepancy among 
different tests. For determining the level of agreement 
between the tests in this study test-retest statistics, 
including the Spearman’s test, inter-item and inter-class 
correlation, and Cronbach’s alpha, were calculated. A p 
value of <0.05 was considered statistically significant.

Results. Patient group included 30 CI children with 
a mean age of 66.68 months (SD=37.1), while control 
group included 30 children with normal hearing with 
80.28 months as a mean age (SD=32.57) (Table 2). 
The mean age of 2 groups demonstrated no statistically 
significant difference (p=0.153). Approximately half of 
the mothers (no:15) of children with CI held bachelor’s 
degrees (50.0%) followed by 11 mothers with high 
school (36.7%) and 3 with diploma degrees (10.0.%). 
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Disclosure. This study was approved by the Deanship 
of Scientific Research, King Saud University, Riyadh, 
Kingdom of Saudi Arabia through Vice Deanship of 
Scientific Research Chairs.

Table 2 - Children demographic information (N=60). 

Control 
group

Cochlear implant 
childrenCharacteristic

80.28+32.5766.86+37.18Age in months, mean (SD)

24 to 14419 to 144Age in months, range

Gender

16(53.3)18 (60.0)Male

14(46.7)12 (40.0)Female

36.32+29.52
The mean age of cochlear 
implant in months, mean 
(SD) 

Cochlear implant

10(33.3)Unilateral

20 (66.7)Bilateral  
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20 (66.7%) of the patients were implanted bilaterally 
simultaneously. 

Table 3 shows the agreement rates of the Arabic 
SIR scores between the mothers and the SLPs. There 
was a positive agreement between the post-operative 
Arabic SIR mothers’ and the professional SLPs’ 
assessments (r=0.920, p<0.001), with 20 (66.7%) in 
total agreement. There was variation in the agreement 
percentage across the SIR categories, and the lowest was 
in category 5 (13.3%). However, Arabic SIR showed 
a high Spearman’s correlation coefficient for test and 
retest evaluation (r=0.93, p<0.001), with an excellent 
Cronbach’s alpha level and an intra-class coefficient 
value of 0.958. 

In the responsiveness validity test, there were 
significantly higher Arabic SIR scores reported for 
post-CI children, at 2.97 (+1.497), compared to their 
pre-operative Arabic SIR ratings of 1.07 (+0.254), with 
a statistically significant level of p<0.001. However, 
discriminant validity showed significantly lower Arabic 
SIR scores in the patients’ group, at 1.07 (+0.254), 
compared to the control group, at 5.00 (+0.01), with 
a statistically significant level of p<0.001. A positive 
correlation was found between the post-operative Arabic 
SIR and post-operative MUSS, which indicates the 
positive concurrent validity of the Arabic SIR (Figure 1).

 
Discussion. The purpose of this study is to create an 
Arabic version of SIR. Developing such a tool will help 
professionals as well as non-professionals, including 
parents and schoolteachers, to gain more insight on 
speech development of children with CI, which will 
fill the gap between those who are working and dealing 
with this group of children in order to achieve better 
outcomes. 

During the process of validating Arabic SIR, it 
showed a strong test-retest reliability as evidenced in 
the results section that confirms its internal consistency 
and reliability. On the other hand, the inter-rater 
reliability of Arabic SIR has been assessed by comparing 
the ratings of SLPs and of the mothers of CI children 
following implantation. This data has been evaluated 
through both kappa statistics and correlation analysis. 
A high correlation coefficient value of 0.9 has been 
reported and there was also a high agreement between 
the mothers and SLPs regarding the Arabic SIR ratings, 
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Table 3 - Speech intelligibility rating scales 
categories discrepancies between 
speech intelligibility rating scales and 
mother’s assessment. 

Category No. of discrepancies

0 None

1 1 (3.3)

2 2 (6.7)

3 2 (6.7)

4 1 (3.3)

5 4 (13.3)

Values are presented as numbers and 
percentage (%). Kappa=0.57, p<0.001

Figure 1 - Concurrent validity between speech intelligibility rating (SIR)  and 
meaningful use of speech scale (MUSS).

 Pearson correlation=0.588, p<0.001
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as indicated by the kappa value of nearly 0.6. However, 
there were a few discrepancies reported for category 5, 
with a tendency toward higher scores being reported by 
the mothers compared to those reported by SLPs. This 
discrepancy might be explained by the greater familiarity 
of mothers with their children’s speech, which can make 
them overestimate this item of the scale and consider 
their child’s speech to be more intelligible. Variation 
in SIR scores between patients could be attributed 
to multiple factors such as duration since surgery, 
differences in rehabilitation, and personal cognitive 
differences between candidates. Similar findings of 
inter-rater reliability were reported by Allen et al7 in 
their study of developing SIR with a high correlation 
coefficient and agreement between raters for most of the 
SIR categories. High inter-rater agreement has also been 
reported in other related studies that investigated the 
reliability of the speech intelligibility rating in hearing-
impaired and CI children.3,8,9 These findings confirm the 
validity of Arabic SIR scale being used in the assessment 
of speech of CI children not only by professionals but 
also by others who may lack the experience in listening 
to children with impaired hearing. Moreover, current 
study results proved discriminative validity of the 
Arabic SIR demonstrated by significant difference in 
SIR ratings between pre and post implant and between 
CI patients and control subjects. (p<0.001). Meaningful 
use of speech scale is a widely used test for evaluating 
speech development of children with CI.10 Significant 
positive correlation between MUSS and Arabic SIR was 
demonstrated which indicates the concurrent validity.  

A validated Arabic SIR helps to improve accuracy 
of assessment of CI patients among Arabic speaking 
healthcare providers. Moreover, this test can be used 
by parents, school and special education teachers, and 
non-professional who are in direct contact of CI patients 
to monitor their progress. Such a tool will encourage 
parents to participate more in rehabilitation of their 
implanted children. The study findings demonstrated 
that Arabic SIR is valid and can be used by professional 
and nonprofessional native Arabic speakers, who are 
in direct contact with CI-fitted children, to ensure 
improved quality in post CI rehabilitation monitoring. 
A validated Arabic category of auditory performance 
CAPII has been previously developed by the group.11 

The limitation of this study is the relatively small 
sample size. There is no other validated Arabic SIR test 
in the literature. Considering the increased numbers 
of CI surgeries performed worldwide on children with 
hearing loss, the need for the development of validated 
versions of SIR in different languages would be an 
essential requirement. 

In conclusion, the Arabic SIR appears to be a reliable 
and valid tool for the assessment of spoken language 
development in Arabic-speaking children with hearing 
impairment post CI. Developing an Arabic SIR allows 
for the opportunity to assess a child’s speech abilities 
not only in the clinical setup but in everyday situations.
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Appendix 1 

معيار وضوح الكالم    التصنيف
 احلديث املتواصل ليس مفهوما, الطفل في املرحلة ما قبل الكالمية للغة املنطوقة, طريقة التواصل االساسية للطفل في1

احلياة اليومية من املمكن ان تكون باإلشارة
 احلديث املتواصل غير مفهوم, بينما حديثه املفهوم يكون على شكل كلمات مفردة في حال اتضح له سياق احلديث و أعطي2

تلميحات عن طريق قراءة الشفاه
 حديث الطفل املتواصل مفهوم عندما يستمع له املستمع بتركيز ويقرأ الشفاه3
 حديث الطفل املتواصل مفهوم عندما يكون عند املستمع خبرة قليلة في فهم حديث الصم4
حديث الطفل املتواصل مفهوم جلميع املستمعني حيث يفهم الطفل بسهولة في سياق احلديث اليومي.5
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