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Introduction: The infant-toddler meaningful auditory integration scale (IT-MAIS) can evaluate 
toddlers and infants’ early auditory development in aspects of detection, discrimination, and 
identification of sounds. The present study aims to evaluate the reliability and criterion validity 
of the Persian version of the IT-MAIS (IT-MAIS-P) for children with hearing loss (HL).

Materials and Methods: In this study, due to the limitations of COVID-19 and the lack of 
access to samples, 23 available children with HL were sampled. The cause of participants› 
HL was 43.5% congenital, 30.4% acquired, and 26.1% unknown. The Mean±SD of the age 
of these children was 21.6±6.3 months. To evaluate the predictive validity and concurrent 
validity, the speech intelligibility rating (SIR) and categories of auditory performance (CAP) 
were used, respectively. Also, to assess the inter-rater reliability, both parents of each child 
completed the IT-MAIS-P.

Results: A significant correlation (concurrent validity) was observed between the IT-MAIS-P 
and the CAP scores (r=0.87, P<0.001). Predictive validity was not confirmed by comparing it 
with the SIR (P>0.05). Also, the inter-rater reliability (kappa=0.44, P<0.001) of the IT-MAIS-P 
was confirmed. 

Conclusion: The IT-MAIS-P is a valid tool to investigate the progress of auditory skills in 
infants, although the predictive validity was not confirmed. 
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Introduction

earing loss (HL) is a common disorder in 
infants and toddlers. HL affects access to 
speech, which can negatively affect cogni-
tion, academic achievement, and social de-
velopment [1]. In 2019, about 1.57 billion 

people worldwide had HL, meaning that one in five people 
will experience HL [2]. It is more common in infants who 
have one or more risk factors for HL. The prevalence of HL 
in low-risk infants is estimated at 0.09% to 2.3% and in high-
risk infants between 0.3% and 14.1% [3]. The prevalence of 
HL in Iranian newborns is reported to be 1.52 per 1000 [4], 
and in another study, this rate is even up to 4.7 per 1000 [5]. 
HL may even be more prevalent in some provinces, espe-
cially due to the high level of consanguinity in Iran [3].

The severity of HL can vary from mild to profound and can 
be unilateral or bilateral. Negative consequences of HL in-
crease with increasing severity of HL, bilateral involvement, 
and prelingual HL [6, 7]. The first three years of a baby’s life 
is a golden time to be exposed to auditory stimuli because, 
at this age, the brain is more plastic to learn language, and 
speech skills [8]. Therefore, timely intervention and imple-
mentation of rehabilitation programs in children with HL are 
crucial [1]. The younger the rehabilitation intervention is, the 
more effective it will be [9, 10]. It is essential to have a valid 
ecological assessment tool to ensure the information obtained 
from the auditory skills assessment [11]. By ensuring the va-
lidity of the assessment tool, the ability of professionals to 
provide realistic assessments of hearing skills and appropri-
ate interventions can be improved [12]. 

To evaluate the development of children’s hearing 
skills, several tests exist, such as LittlEARS hearing 
questionnaire [13], auditory behavior in everyday life 
(ABEL) [14], and infant-toddler meaningful auditory in-
tegration scale (IT-MAIS). Classification of auditory per-
formance (CAP) is also a short and widely used test that 
the therapist classifies the child’s listening performance 
into 10 categories [15]. Both LittlEARS and ABEL are 
long tests, they target a certain age range and have more 
general use, but the IT-MAIS is a short and the first par-
ent-report tool for infants under 3 years of age, which is 
especially useful for children with CI. Therefore, it has 
been translated and used in various languages [16, 17]. 

The IT-MAIS has been translated and used in many 
languages, including German, Chinese, Arabic, Polish, 
Italian and Persian [11, 18-20]. The content validity, 
test-retest reliability, internal consistency, and intraclass 
correlation coefficient (ICC) of the IT-MAIS in Chinese 
infants were 0.84, 0.92, 0.84, and 0.89, respectively [21].

The IT-MAIS can assess the prelingual auditory devel-
opment of infants and toddlers [16, 17]. This is the first 
parent-report tool for the quantitative evaluation of audi-
tory behaviors in different daily routine situations [22]. 
Since the introduction of the IT-MAIS, several studies 
have used this scale to determine CI outcome, CI candi-
dacy, and hearing aid benefits [23]. This scale is a useful 
tool to assess various aspects of hearing development in 
children under 3 years of age [6, 24-26]. 

 The IT-MAIS has been translated and used in Iran [11, 
20]. The internal consistency and the content validity in-
dex of the Persian version of the IT-MAIS (IT-MAIS-P) 
were reported as 0.93 [20] and 0.96 [11], respectively. 
The IT-MAIS-P showed that the score of this scale was 
significantly different between hearing-impaired chil-
dren and children with normal hearing [20]. Also, a sig-
nificant difference was reported between the scores of 
the IT-MAIS-P after and before the rehabilitation pro-
gram [11]. Accordingly, the IT-MAIS-P is a reliable tool 
for assessing Persian-speaking children with hearing im-
pairment [11, 20]. 

In test evaluation, the vital factor to be considered is 
test validity [27]. In the preparation and assessment of 
the validity of a test, after confirming the content valid-
ity, the determination of criterion validity is the second 
most crucial [28]. Criterion validity shows how consis-
tent and related the scores obtained from one test are with 
the scores obtained from another test called the criterion. 
Criterion validity is determined through two methods, 
predictive validity and concurrent validity [28]. When a 
test is used to predict future behavior, predictive validity 
must be calculated. To calculate the predictive validity, 
the test is performed on the subjects, after the required 
time, the scores of the criterion test are collected and 
the correlation between these two scores is calculated 
to obtain the predictive validity. If a time limit exists 
to perform and calculate predictive validity, concurrent 
validity can be used. To calculate the concurrent valid-
ity of a new test, if a valid test exists in that field, both 
tests are performed on the same sample group, and if a 
high correlation is observed, the new test is confirmed 
[27, 28]. Considering that the content validity of the IT-
MAIS-P has been confirmed in previous studies [11, 20], 
to increase the confidence in the appropriateness of this 
test in measuring the hearing skills of infants with HL. 
This study was conducted to evaluate the types of crite-
rion validity as well as the inter-rater reliability of the IT-
MAIS-P for Persian-speaking children with hearing loss. 

H
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Materials and Methods

Study subjects

All participants in this study included severe or pro-
found HL children who were referred to the cochlear im-
plant center of Rasoul Akram Hospital in 2020. The in-
clusion criteria included severe or profound HL in both 
ears, pre-lingual HL, no multi-disability, use of hearing 
aid or CI, at least 6 months after hearing aid, and age 
group under 3 years. Sampling was purposeful and ac-
cessible. Sampling lasted three months, and finally, due 
to COVID-19 restrictions, 23 children met the inclusion 
criteria. Twenty-three children with HL (16 boys/7 girls) 
aged between 10 and 36 months (Mean±SD 21.6±6.3 
months) were enrolled in the study. The cause of partici-
pants’ HL was 43.5% congenital, 30.4% acquired, and 
26.1% unknown. All participants used CI. The age of CI 
of the participants was from 8 to 29 months (Mean±SD 
13.9±5.1 months). The education of the parents of the 
infants participating in this research was as follows, 10 
mothers’ education was below a diploma, 7 had a di-
ploma, and 6 had education higher than a diploma, and 
8 fathers were below a diploma, 10 had a diploma, and 5 
had education higher than a diploma.

Study tools

The IT-MAIS

Items included in the IT-MAIS are intended to measure 
3 underlying principles: vocalization, alerting to sounds, 
and deriving meaning from them [11]. The questionnaire 
included 10 items; 2 items associated with vocalization 
behaviors, 4 items associated with alerting to sounds, and 
4 items associated with deriving meaning from sounds. 
According to the degree of observation of each behavior, 
the score of each item ranges from 0 to 4 (never=0, rare-
ly=1, sometimes=2, most of the time=3, and always=4). 
Therefore, the maximum IT-MAIS score is 40 [20]. In 
this study, the IT-MAIS-P translated by Geravand et al. 
was used [11]. For the IT-MAIS-P, the content validity 
ratio for all items was >0.79, the content validity index 
was >0.96, and Cronbach’s α was 0.74 [11].

CAP

The categories of auditory performance (CAP) have 
ten categories of performance arranged in ascending or-
der of difficulty [15]. In this scale, the child’s assessment 
is based on observations made of his/her auditory func-
tion in everyday situations, such as home, clinic, kin-
dergarten, or school, by parents, educators, or therapists. 

There is also no age limit. Children’s awareness of en-
vironmental sounds, identifying environmental sounds, 
response to speech sounds, and distinguishing speech 
sounds, phrases, and conversations without lip-reading 
are examined in this scale. Scoring on this scale is based 
on the examiner’s judgment. Each child’s rehabilitation 
therapist measured auditory performance [15]. In this 
study, the CAP was used to evaluate the concurrent va-
lidity of the IT-MAIS-P. 

Speech intelligibility rating (SIR)

Speech intelligibility rating (SIR) was used to inves-
tigate predictive validity. The speech intelligibility rat-
ing (SIR) is a universal measure of speech intelligibility 
in real-life situations. The therapist classifies the child’s 
spontaneous speech intelligibility into five categories 
(1 to 5) by the SIR [29]. The speech therapist (last au-
thor) scores on this scale. The speech therapist uses this 
scale to rank their speech intelligibility after listening 
to a short section of the subjects’ connected speech. A 
child who cannot communicate verbally and probably 
gestures is at the lowest level, level 1, and a child whose 
verbal clarity is such that everyone understands what he 
or she is saying is at level 10 [30]. 

Study procedure

In this study, the experts (first and last authors) of the 
Cochlear Implant Center of Rasoul Akram Hospital first 
explained the necessity of the IT-MAIS-P and how to 
respond individually to parents. This questionnaire was 
then given to the parents. While completing the ques-
tionnaire, potential parents’ questions were answered by 
experts. To assess the inter-rater reliability, both parents 
of each child completed the IT-MAIS-P, and the correla-
tion between their scores was calculated. Inter-rater reli-
ability in this study was the degree of agreement among 
independent observers (parents of each baby) rating the 
same phenomenon (baby’s listening skills). The speech 
therapist assessed all children with the CAP and SIR 
scales. The obtained scores were used to evaluate the 
criterion validity (predictive and concurrent validity) of 
the IT-MAIS-P. 

Statistical analysis 

SPSS software, version 22, was used for data analy-
sis. Mean±SD, frequency, and percentage were used to 
analyze descriptive statistics. Shapiro-Wilk statistic was 
used to evaluate the normality of the distribution of vari-
ables. Pearson correlation was used to evaluate concur-
rent and predictive validity. To evaluate the inter-rater 
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reliability, for each child, both the father and the mother 
completed the IT-MAIS-P, and the correlation between 
the father’s score and the mother’s score was calculated 
through the Kappa coefficient.

Results

Descriptive results 

Twenty-three infants with HL (16 boys/7 girls) aged 
between 10 and 36 months (Mean±SD 21.6±6.3 months) 
were enrolled in the study. The cause of participants’ 
HL was 43.5% congenital, 30.4% acquired, and 26.1% 
unknown. All participants used CI. The age of CI was 
from 8 to 29 months (Mean±SD 13.9±5.1 months). The 
education of the infants’ parents was as follows: The 
education of 10 mothers was below a diploma, 7 had a 
diploma, and education of 6 mothers was higher than a 
diploma, and the education of 8 fathers was below a di-
ploma, 10 had a diploma, and the education of 5 fathers 
was higher than a diploma.

Table 1 presents the scores of the participants in the 
CAP, SIR, and IT-MAIS-P. As you can see in this table, 
the babies who scored higher in the IT-MAIS-P usually 
showed higher scores in CAP, but the SIR scores did not 
follow the expected pattern. 

Concurrent validity

In determining concurrent validity, the Pearson cor-
relation coefficient test showed a significant correlation 
between the IT-MAIS-P and the CAP scores in the eval-
uated samples (r=0.877, P<0.001). Then, to further con-
firm the concurrent validity results, a linear regression 
test was used using the Enter method. The regression re-
sults confirmed the direct correlation between MAIS-IT 
and CAP scores and showed that MAIS-IT can explain 
about 76% of CAP variances (F=69.76, df=1, P<0.001). 
Finally, concurrent validity was confirmed. Table 2 pres-
ents the results. 

Predictive validity

In determining the predictive validity, the Pearson 
correlation coefficient test showed that the correla-
tion between the IT-MAIS-P and the SIR scores in the 
evaluated samples was not significant (r=0.311, P>0.05). 
Then, to further confirm the validity results of the pre-
dictor, a linear regression test was used using the En-
ter method. The regression results confirmed a weak 
direct correlation between MAIS-IT and SIR scores but 
showed that MAIS-IT did not explain the variance of 

SIR. The P>0.05 and this means that with the change in 
SIR, MAIS-IT does not change significantly. As a result, 
the predictive validity was not confirmed (F=2.25, df=1, 
P=0.148). Finally, predictive validity was not confirmed. 
In other words, a change in MAIS-IT scores cannot sig-
nificantly change SIR scores. Therefore, strengthening 
the auditory skills of infants with CI does not necessar-
ily guarantee the strengthening of their speaking skills. 
Table 3 presents the results. 

Inter-rater reliability

To evaluate the inter-rater reliability, the correlation be-
tween the father’s score and the mother’s score for each 
child was calculated via the Kappa coefficient. The kap-
pa coefficient is a numerical measure between -1 to +1, 
the closer it is to +1, indicates the existence of a propor-
tional and direct agreement. Measures close to -1 indi-
cate the presence of inverse agreement and values close 
to zero indicate disagreement. In this study, the kappa 
coefficient was 0.446. This value indicates the existence 
of an average agreement between mother’s and father’s 
scores. This level of agreement was significant at a sig-
nificance level of <0.001 (Table 4). As a result, the inter-
rater reliability of the IT-MAIS-P was confirmed.

Discussion

A valid instrument is required to investigate the audi-
tory skills of children younger than three years, especial-
ly to assess children with hearing loss and monitor their 
progress. The present study focused on the IT-MAIS-P, a 
parental self-reporting tool developed as a complemen-
tary measure of hearing in children with HL [21]. In pre-
vious studies, the IT-MAIS was translated into Persian 
based on the IQOLA translation protocol. Investigating 
the content validity ratio (CVR) with the participation 
of 10 experts and using Lawshe’s method indicated that 
all the IT-MAIS-P items have a good content validity 
ratio (CVR>0.79). Furthermore, the CVI was obtained 
using the Waltz and Basel method for each item of the 
questionnaire based on the three criteria of “relevancy”, 
“clarity”, and “simplicity” above 0.96, suggesting excel-
lent content validity [11]. In evaluating the validity of a 
test, after confirming the content validity, the determina-
tion of criterion validity is the second most crucial [28]. 
Criterion validity has two types, including predictive 
validity and concurrent validity [28]. The results of the 
present study showed that the concurrent validity of the 
IT-MAIS-P was confirmed. Concurrent validity indicat-
ed an agreement between the IT-MAIS-P and the CAP. 
Since both of these questionnaires measure listening 
skills, as expected, they had a high correlation. There-
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fore, the result of this study confirms the results of previ-
ous studies [31, 32]. The CAP is very widely used and 
very valid in examining the auditory perception of chil-
dren with CI, and this test has been used in several stud-
ies [32-36]. Since the concurrent validity of IT-MAIS-P 
and CAP was confirmed, this test can be used in future 
studies to more accurately evaluate the hearing devel-
opment of babies with HL. On the other hand, this test 
uses a Likert scale for scoring, while the CAP only clas-

sifies the child’s listening comprehension. Therefore, IT-
MAIS-P results are expected to be more accurate than 
CAP and better describe the listening comprehension 
skills of children with HL, especially CI. Therefore, it 
can be a useful tool in evaluating hearing performance 
and monitoring the benefits of CI in hearing-impaired 
children, and it is recommended to use the IT-MAIS-P in 
clinical and research work.

Table 1. The scores of the participants according to the questionnaires

No. Sex CAP SIR IT-MAIS-P

1 M 5 1 33

2 M 7 4 38

3 F 5 3 32

4 M 5 2 33

5 M 5 2 40

6 F 3 4 20

7 F 5 3 34

8 M 4 1 33

9 M 6 1 36

10 M 5 2 34

11 M 9 3 39

12 M 5 2 38

13 M 4 4 27

14 M 8 3 40

15 M 2 3 19

16 M 3 4 23

17 F 5 3 18

18 M 8 4 40

19 M 3 2 26

20 F 7 3 40

21 F 5 4 33

22 F 9 3 39

23 M 2 3 22

Abbreviations: CAP: Categorical auditory performance; SIR: Speech intelligibility rating; IT-MAIS-P: The Persian version of 
infant–toddler meaningful auditory integration scale.
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In all children, especially children with HL, listening 
skills usually have a direct impact on speaking skills [10, 
29, 37]. Therefore, it is expected that the listening skills 
of hearing-impaired children can predict their speaking 
skills. The SIR is very widely used and valid in classify-
ing the speech intelligibility of children with HL [32, 33, 
35]. Predictive validity indicates to what extent the index 
test scores accurately predict a criterion measure scores 
[18]. Among the various validation strategies, predictive 
validity plays a crucial role, because in this type, the ef-
ficiency and accuracy of the index test are somehow pre-
dicted in the future [18]. In this study, we decided to use 
the SIR as a criterion to confirm the predictive validity 
of the IT-MAIS-P. However, in this study, predictive va-
lidity was not confirmed. In other words, no significant 
agreement was observed between the IT-MAIS-P and 
the SIR scores. One of the reasons for this contradiction 
is probably the difference in the way these two question-
naires are scored. The IT-MAIS-P uses a Likert scale for 
scoring, while the SIR only classifies the speech intel-
ligibility of children with HL into five categories. An-

other reason for this discrepancy is probably the range 
of scores of these two questionnaires. The range of IT-
MAIS-P scores is wide from 0 to 40, while the range of 
SIR scores is limited to only five scores (from 1 to 5), 
which reduces the power and accuracy of scoring and, 
as a result, the accuracy of SIR prediction. Also, in an-
other study, results similar to the results of the present 
study were reported, in terms of non-agreement between 
IT-MAIS-P and SIR scores [32]. These results indicated 
that SIR is not a suitable test to be selected as a criterion 
test. In this study, we have not chosen a suitable test for 
the criterion test to evaluate the predictive validity of the 
IT-MAIS-P. In the last decade, the intelligibility context 
scale (ICS) has been widely used to evaluate speech 
intelligibility, and recently to evaluate the speech intel-
ligibility of children with CI [10, 29]. The ICS scores 
different speech situations based on the Likert scale, 
while the SIR only classifies the speech intelligibility 
of children with HL into five categories. Therefore, ICS 
results are expected to be more accurate than SIR and 
better describe the speech intelligibility of children with 

Table 2. Pearson correlation coefficient results for concurrent validity

Independent Variable Indexes CAP

IT-MAIS-P

Correlation coefficient 0.877

Sig. 0.000

No 23

IT-MAIS-P: The Persian version of infant-toddler meaningful auditory integration scale; CAP: Categories of auditory perfor-
mance.

Table 3. Pearson correlation coefficient results for predictive validity

Independent Variable Indexes SIR

IT-MAIS-P

Correlation coefficient 0.311

Sig. 0.148

No. 23

IT-MAIS-P: The Persian version of infant-toddler meaningful auditory integration scale; SIR: Speech intelligibility rating.

Table 4. Kappa coefficient for inter-rater reliability

Inter-rater Reliability Value Asymptotic Standard Error Approximate Tb Sig.

Measure of agreement Kappa 0.446 0.105 8.839 0.000

No of valid cases 23
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HL, especially CI. Therefore, it is better to use ICS in 
future studies to evaluate the predictive validity of the 
IT-MAIS-P.

Also, the results of this study showed that IT-MAIS-P 
has good inter-rater reliability. This result can be inter-
preted as it does not matter whether the child’s father 
or mother completes this questionnaire. Because both 
comments and answers are almost similar and both an-
swers are equally reliable. This has been proven in recent 
studies. IT-MAIS-P can be used to measure the outcome 
for the evaluation of primary hearing interventions and 
cochlear implantation, equally from the parent’s point of 
view. Our result is consistent with a similar study that re-
ported a very good intra-class correlation (ICC=0.96) for 
the Persian version of the IT-MAIS [11]. Another study 
examined the psychometric properties of the IT-MAIS 
questionnaire in Chinese. The results of the ICC and 
Cronbach α of the questionnaire were 0.92 and 0.83, re-
spectively [21]. Similar results across different cultures 
and languages can be attributed to the similarity in the 
development of primary prelingual hearing ability in all 
infants. Because all original scale items are preserved in 
IT-MAIS interlanguage versions [19].

This study, like previous studies [11, 20], suggested 
that the Persian version of the IT-MAIS was a valid scale 
to assess the hearing performance of Persian-speaking 
children with HL. For future studies, larger samples with 
different study conditions, for example, different clini-
cal conditions, comparison with control group outcomes, 
various interventions, and various questionnaires, such 
as ICS, may be included to further clinical use of the 
IT-MAIS-P.

Conclusion

The psychometric properties of the IT-MAIS-P in 
young Persian-speaking children with hearing loss in-
dicated that this questionnaire is a good instrument to 
investigate the progress of auditory skills and listening 
development after cochlear implant surgery in infants. 
Due to the wrong selection of SIR as a criterion test, the 
predictive validity of the IT-MAIS-P was not confirmed. 
Due to the limited sample size, it is better to expand the 
sample size for more certainty in future studies.

Ethical Considerations

Compliance with ethical guidelines

All procedures of this study were performed following 
the principles of the Helsinki Declaration and were ap-
proved by the Ethics Committee of the Tehran Universi-
ty (Code: IR.UT.PSYEDU.REC.1401.005). In conduct-
ing this study, we committed to respecting the decision 
of parents to accept or reject cooperation in this research, 
to prevent harm to parents or babies and damage to hear-
ing aids and cochlear implants, to act in the interest of 
parents and child and to balance the benefits against the 
risks (if necessary, providing counseling or referral to 
speech therapy), and in the distribution of benefits and 
risks and ensuring fair access to the rehabilitation pro-
gram needed by each child.

Funding

The present article was extracted from the master's the-
sis of Shiva Panahiaboozar, approved by Department of 
Psychology, Faculty of Education and Psychology, Uni-
versity of Tehran.

Authors' contributions

Conceptualization and Supervision: Shiva Panahiaboo-
zar and Saeid Hassanzadeh; Methodology: Shiva Pana-
hiaboozar and Masoud Gholamali Lavasani; Data col-
lection: Shiva Panahiaboozar; Data analysis: Alireza 
Aghaz; Investigation, Writing-original draft, and Writ-
ing-review & editing: All authors; Funding acquisition 
and Resources: Saeid Hassanzadeh.

Conflict of interest

All authors declared no conflict of interest.

Acknowledgments

The authors thank  the doctors of the Cochlear Implan-
tation Center at Rasoul Akram Hospital, Tehran Prov-
ince, Iran.

References

[1] Islami Z, Baradaranfar MH, Mehrparvar AH, Mollasadeghi 
A, Mostaghaci M, Naghshineh E. Frequency of hearing im-
pairment among full-term newborns in Yazd, Iran. Iranian 
Journal of Pediatrics. 2013; 23(3):349-52. [PMID] [PMCID]

Panahiaboozar S, et al. Infant-Toddler Meaningful Auditory Integration Scale. JMR. 2024; 18(2):209-217.

April 2024, Volume 18, Number 2

https://jmr.tums.ac.ir/index.php/jmr
https://ut.ac.ir/en
https://ut.ac.ir/en
https://pubmed.ncbi.nlm.nih.gov/23795261/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3684483/


216

[2] GBD 2019 hearing loss collaborators. hearing loss preva-
lence and years lived with disability, 1990-2019: Findings 
from the global burden of disease study 2019. Lancet. 2021; 
397(10278):996-1009. [DOI:10.1016/S0140-6736(21)00516-X] 
[PMID] [PMCID]

[3] Darouie A, Joulaie M, Abdollahi FZ, McConkey Robbins 
A, Zarepour S, Ahmadi T. Developing the Persian version 
of infant-toddler meaningful auditory integration scale. Ira-
nian Rehabilitation Journal. 2019; 17(1):53-60. [DOI:10.32598/
irj.17.1.53] 

[4] Saki N, Bayat A, Hoseinabadi R, Nikakhlagh S, Karimi M, 
Dashti R. Universal newborn hearing screening in southwest-
ern Iran. International Journal of Pediatric Otorhinolaryngol-
ogy. 2017; 97:89-92. [DOI:10.1016/j.ijporl.2017.03.038] [PMID] 

[5] Firouzbakht M, Eftekhar Ardebili H, Majlesi F, Rahimi 
Foroushani A, Ansari Dezfouli M, Esmaeilzadeh M. Preva-
lence of neonatal hearing impairment in province capitals. 
Journal of School of Public Health and Institute of Public 
Health Research. 2008; 5(4):1-9. [Link]

[6] Kishon-Rabin L, Kuint J, Hildesheimer M, Ari-Even Roth D. 
Delay in auditory behaviour and preverbal vocalization in in-
fants with unilateral hearing loss. Developmental Medicine 
and Child Neurology. 2015; 57(12):1129-36. [DOI:10.1111/
dmcn.12812] [PMID] 

[7] Wang Y, Fan X, Wang P, Fan Y, Chen X. Hearing improve-
ment with softband and implanted bone-anchored hearing 
devices and modified implantation surgery in patients with 
bilateral microtia-atresia. International Journal of Pediat-
ric Otorhinolaryngology. 2018; 104:120-5. [DOI:10.1016/j.
ijporl.2017.11.010] [PMID] 

[8] Polanski JF, Kochen AP, de Oliveira CA. Hearing and 
speech performance after cochlear implantation in children 
with Waardenburg syndrome. Codas. 2020; 32(6):e20180295. 
[DOI:10.1590/2317-1782/20202018295] [PMID]

[9] Cavicchiolo S, Mozzanica F, Guerzoni L, Murri A, Dall'Ora 
I, Ambrogi F, et al. Early prelingual auditory development in 
Italian infants and toddlers analysed through the Italian ver-
sion of the Infant-Toddler Meaningful Auditory Integration 
Scale (IT-MAIS). European Archives of Oto-Rhino-Laryngol-
ogy. 2018; 275(2):615-22. [DOI:10.1007/s00405-017-4847-6] 
[PMID] 

[10] Ajalloueyan M, Aghaz A, Mirdeharbab A, Hasanalifard 
M, Saeedi M. Long-term effects of cochlear implant on the 
pragmatic skills and speech intelligibility in Persian-speaking 
children. International Journal of Pediatrics. 2021; 9(7):14033-
41. [Link]

[11] Geravand R, Mehrkian S, Hassanzadeh S, Bakhshi E. 
The Persian version of infant-toddler meaningful auditory 
integration scale. Auditory and Vestibular Research. 2019; 
28(4):235-41. [DOI:10.18502/avr.v28i4.1459] 

[12] Barker BA, Donovan NJ, Schubert AD, Walker EA. Us-
ing rasch analysis to examine the item-level psychometrics 
of the infant-toddler meaningful auditory integration scales. 
Speech, Language and Hearing. 2017; 20(3):130-43. [DOI:10.1
080/2050571X.2016.1243747] [PMID] [PMCID]

[13] Weichbold V, Tsiakpini L, Coninx F, D'Haese P. [De-
velopment of a parent questionnaire for assessment of 
auditory behaviour of infants up to two years of age 
(German)]. Laryngo- Rhino-Otologie. 2005; 84(5):328-34. 
[DOI:10.1055/s-2004-826232] [PMID] 

[14] Purdy SC, Farrington DR, Moran CA, Chard LL, Hodgson 
SA. A parental questionnaire to evaluate children's auditory 
behavior in everyday life (ABEL). American Journal of Audi-
ology. 2002; 11(2):72-82. [DOI:10.1044/1059-0889(2002/010)] 
[PMID] 

[15] Hassanzadeh S. The psychometric properties of the Per-
sian version of categorization of auditory performance II and 
speech intelligibility rating scales in cochlear-implanted deaf 
children. Auditory and Vestibular Research. 2015; 23(6):76-84. 
[Link]

[16] McConkey Robbins A, Koch DB, Osberger MJ, Zimmer-
man-Phillips S, Kishon-Rabin L. Effect of age at cochlear im-
plantation on auditory skill development in infants and tod-
dlers. Archives of Otolaryngology--Head & Neck Surgery. 
2004; 130(5):570-4. [DOI:10.1001/archotol.130.5.570] [PMID] 

[17] Zimmerman-Phillips S, Osberger M, Robbins A. Infant-
toddler: Meaningful auditory integration scale (IT-MAIS). 
Sylmar: Advanced Bionics Corporation; 1997. [Link]

[18] Weichbold V, Anderson I, D'Haese P. Validation of three ad-
aptations of the meaningful auditory integration scale (MAIS) 
to German, English and Polish. International Journal of Audi-
ology. 2004; 43(3):156-61. [DOI:10.1080/14992020400050021] 
[PMID] 

[19] Zheng Y, Soli SD, Wang K, Meng J, Meng Z, Xu K, et al. 
A normative study of early prelingual auditory develop-
ment. Audiology & Neuro-Otology. 2009; 14(4):214-22. 
[DOI:10.1159/000189264] [PMID] 

[20] Aghaz A, Arani Kashani Z., Shahriyari A. Evaluating teach-
ers’ attitudes toward stuttering using the Persian Version of the 
teacher’s attitudes towards stuttering inventory. Journal of Mod-
ern Rehabilitation. 2020; 15(1):41-6. [DOI:10.32598/JMR.15.1.6] 

[21] Zhong Y, Xu T, Dong R, Lyu J, Liu B, Chen X. The analysis 
of reliability and validity of the IT-MAIS, MAIS and MUSS. 
International Journal of Pediatric Otorhinolaryngology. 2017; 
96:106-10. [DOI:10.1016/j.ijporl.2017.03.006] [PMID] 

[22] Yang F, Zhao F, Zheng Y, Li G. Modification and verifica-
tion of the Infant-Toddler Meaningful Auditory Integration 
Scale: A psychometric analysis combining item response 
theory with classical test theory. Health and Quality of Life 
Outcomes. 2020; 18(1):367. [DOI:10.1186/s12955-020-01620-9] 
[PMID] [PMCID]

[23] Schubert AD  Examining the validity and reliability of the 
infant-toddler meaningful auditory integration scales (IT-
MAIS) via rasch analysis [MA theses]. Baton Rouge: Louisi-
ana State University; 2013. [Link]

[24] Ben-Itzhak D, Greenstein T, Kishon-Rabin L. Parent report 
of the development of auditory skills in infants and toddlers 
who use hearing aids. Ear and Hearing. 2014; 35(6):e262-71. 
[DOI:10.1097/AUD.0000000000000059] [PMID] 

[25] Liang S, Soli SD, Zheng Y, Li G, Meng Z. Initial classifica-
tion of pediatric hearing impairment using behavioral meas-
ures of early prelingual auditory development. International 
Journal of Audiology. 2016; 55(4):224-31. [DOI:10.3109/14992
027.2015.1120891] [PMID] 

[26] Pinto ES, Lacerda CB, Porto PR. Comparison between the 
IT-MAIS and MUSS questionnaires with video-recording for 
evaluation of children who may receive a cochlear implanta-
tion. Brazilian Journal of Otorhinolaryngology. 2008; 74(1):91-
8. [DOI:10.1590/S0034-72992008000100015] [PMID] [PMCID]

Panahiaboozar S, et al. Infant-Toddler Meaningful Auditory Integration Scale. JMR. 2024; 18(2):209-217.

April 2024, Volume 18, Number 2

https://jmr.tums.ac.ir/index.php/jmr
https://doi.org/10.1016/S0140-6736(21)00516-X
https://www.ncbi.nlm.nih.gov/pubmed/33714390
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7960691/
https://doi.org/10.32598/irj.17.1.53
https://doi.org/10.32598/irj.17.1.53
https://doi.org/10.1016/j.ijporl.2017.03.038
https://www.ncbi.nlm.nih.gov/pubmed/28483258
https://openurl.ebsco.com/EPDB%3Agcd%3A12%3A21012492/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A43292062&crl=c
https://doi.org/10.1111/dmcn.12812
https://doi.org/10.1111/dmcn.12812
https://www.ncbi.nlm.nih.gov/pubmed/26058353
https://doi.org/10.1016/j.ijporl.2017.11.010
https://doi.org/10.1016/j.ijporl.2017.11.010
https://www.ncbi.nlm.nih.gov/pubmed/29287851
https://www.scielo.br/j/codas/a/gyfhKxTzZTHJcqRFMzyRjrJ/?lang=pt
https://pubmed.ncbi.nlm.nih.gov/33331539/
https://doi.org/10.1007/s00405-017-4847-6
https://www.ncbi.nlm.nih.gov/pubmed/29248951
https://d1wqtxts1xzle7.cloudfront.net/94905550/article_18009_fd5d92a27773ce9003cef6effd4b75c6-libre.pdf?1669548181=&response-content-disposition=inline%3B+filename%3DLong_Term_Effects_of_Cochlear_Implant_on.pdf&Expires=1709052141&Signature=EnKO8pOQ5aacx9vt3g8RCAoTUNv9scu0O6JGzfUCY3WuwCfMcgipMFKt~BVVMS2WmR-ITBjOvawOXtmxQInhNVG--sKkr68oro9DSLz0Habu~h~AddlZnTREY2nfWg4NSKjvSnTbHLIEC5L8e3GDQBheTGTH7KBqlnF04csR2R97jea95hQNB-crSR~dSfLSACHLrAD5lFbmAdVippRGqOSnKoMvAmiE41iOxU2lA2eXEhF9JT8Ph6Cp5Jkqo7rd9pI20cz7YwC8rOPLgAysTKjAddwY-yCZ3tGEI4bAN~QdndJzSfR9yMSUTVV4NJ9GhCFlENJipaOKOrLocXbWqA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://avr.tums.ac.ir/index.php/avr/article/view/789
https://doi.org/10.1080/2050571X.2016.1243747
https://doi.org/10.1080/2050571X.2016.1243747
https://www.ncbi.nlm.nih.gov/pubmed/30680215
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6342285/
https://doi.org/10.1055/s-2004-826232
https://www.ncbi.nlm.nih.gov/pubmed/15909244
https://doi.org/10.1055/s-2004-826232
https://pubmed.ncbi.nlm.nih.gov/12691217/
https://avr.tums.ac.ir/index.php/avr/article/view/207
https://doi.org/10.1001/archotol.130.5.570
https://www.ncbi.nlm.nih.gov/pubmed/15148178
https://www.advancedbionics.com/content/dam/advancedbionics/Documents/Regional/BR/AB_IT-MAIS_Resource.pdf
https://doi.org/10.1080/14992020400050021
https://www.ncbi.nlm.nih.gov/pubmed/15198379
https://doi.org/10.1159/000189264
https://www.ncbi.nlm.nih.gov/pubmed/19129696
https://doi.org/10.32598/JMR.15.1.6
https://doi.org/10.1016/j.ijporl.2017.03.006
https://www.ncbi.nlm.nih.gov/pubmed/28390596
https://doi.org/10.1186/s12955-020-01620-9
https://www.ncbi.nlm.nih.gov/pubmed/33187553
https://www.ncbi.nlm.nih.gov/pubmed/33187553
https://repository.lsu.edu/gradschool_theses/2023/
https://doi.org/10.1097/AUD.0000000000000059
https://www.ncbi.nlm.nih.gov/pubmed/25158983
https://doi.org/10.3109/14992027.2015.1120891
https://doi.org/10.3109/14992027.2015.1120891
https://www.ncbi.nlm.nih.gov/pubmed/26750766
https://doi.org/10.1590/S0034-72992008000100015
https://www.ncbi.nlm.nih.gov/pubmed/18392508
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9450592/


217

[27] Hooman HA. Study of validity of ratings. Psycho-
logical Reports. 1982; 51(3_suppl):1263-70. [DOI:10.2466/
pr0.1982.51.3f.1263] 

[28] Hooman HA. Educational and psychological measure-
ments. Tehran: Parsa Publication. 2002. [Link]

[29] Cox RM, McDaniel DM. Development of the speech in-
telligibility rating (SIR) test for hearing aid comparisons. 
Journal of Speech and Hearing Research. 1989; 32(2):347-52. 
[DOI:10.1044/jshr.3202.347] [PMID] 

[30] Hoey AW, Pai I, Driver S, Connor S, Wraige E, Jiang D. 
Management and outcomes of cochlear implantation in pa-
tients with congenital cytomegalovirus (cCMV)-related deaf-
ness. Cochlear Implants International. 2017; 18(4):216-25. [DO
I:10.1080/14670100.2017.1315510] [PMID] 

[31] Lu S, Wei X, Kong Y, Chen B, Chen J, Zhang L, et al. As-
sessment of the correlation between residual hearing and 
audiologic outcomes after cochlear implantation in patients 
with cochlear nerve deficiency. Laryngoscope Investigative 
Otolaryngology. 2022; 7(5):1549-58. [DOI:10.1002/lio2.888] 
[PMID] [PMCID]

[32] Daneshi A, Farhadi M, Ajalloueyan M, Rajati M, Hashemi 
SB, Ghasemi MM, et al. Cochlear implantation in children 
with inner ear malformation: A multicenter study on auditory 
performance and speech production outcomes. International 
Journal of Pediatric Otorhinolaryngology. 2020; 132:109901. 
[DOI:10.1016/j.ijporl.2020.109901] [PMID] 

[33] Philip Rajan D, Siti Sabzah MH, Zulkiflee S, Tengku Mo-
hamed I, Kumareysh Vijay V, Iskandar H, et al. Surgical and 
functional outcomes of cochlear implantation in post-lingual 
and cross-over patients: First 5-year review of the National 
Ministry of Health Malaysia cochlear implant programme. 
The Medical Journal of Malaysia. 2018; 73(6):393-6. [PMID]

[34] Lin PH, Wu HP, Wu CM, Chiang YT, Hsu JS, Tsai CY, et 
al. Cochlear implantation outcomes in patients with auditory 
neuropathy spectrum disorder of genetic and non-genetic eti-
ologies: A multicenter study. Biomedicines. 2022; 10(7):1523. 
[DOI:10.3390/biomedicines10071523] [PMID] [PMCID]

[35] Yin X, Gu H, Kong W, Li G, Zheng Y. Early prelingual au-
ditory and language development in children with simulta-
neous bilateral and unilateral cochlear implants. Frontiers in 
Pediatrics. 2022; 10:999689. [DOI:10.3389/fped.2022.999689] 
[PMID] [PMCID]

[36] Tavakoli M, Jalilevand N, Kamali M, Modarresi Y, Zarandy 
MM. Speech iintelligibility in children with cochlear implants 
compared to normal-hearing peers matched for chronological 
age and hearing age. Auditory and Vestibular Research. 2022; 
31(3):232-7. [DOI:10.18502/avr.v31i3.9873] 

[37] Aghaz A, Kazemi Y, Hemmati E, Zarifian T. [Psychomet-
ric properties of Persian version of intelligibility context scale 
in 4-6-year-old persian-speaking children (Persian)]. Scien-
tific Journal of Rehabilitation Medicine. 2022; 10(6):1270-83. 
[DOI:10.32598/SJRM.10.6.22] 

Panahiaboozar S, et al. Infant-Toddler Meaningful Auditory Integration Scale. JMR. 2024; 18(2):209-217.

April 2024, Volume 18, Number 2

https://jmr.tums.ac.ir/index.php/jmr
https://doi.org/10.2466/pr0.1982.51.3f.1263
https://doi.org/10.2466/pr0.1982.51.3f.1263
https://opac.nlai.ir/opac-prod/search/briefListSearch.do?command=FULL_VIEW&id=653315&pageStatus=0&sortKeyValue1=sortkey_title&sortKeyValue2=sortkey_author
https://doi.org/10.1044/jshr.3202.347
https://www.ncbi.nlm.nih.gov/pubmed/2739387
https://doi.org/10.1080/14670100.2017.1315510
https://doi.org/10.1080/14670100.2017.1315510
https://www.ncbi.nlm.nih.gov/pubmed/28485697
https://doi.org/10.1002/lio2.888
https://www.ncbi.nlm.nih.gov/pubmed/36258847
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9575073/
https://doi.org/10.1016/j.ijporl.2020.109901
https://www.ncbi.nlm.nih.gov/pubmed/32006863
https://pubmed.ncbi.nlm.nih.gov/30647210/
https://doi.org/10.3390/biomedicines10071523
https://www.ncbi.nlm.nih.gov/pubmed/35884828
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9313466/
https://doi.org/10.3389/fped.2022.999689
https://www.ncbi.nlm.nih.gov/pubmed/36405825
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9669896/
https://publish.kne-publishing.com/index.php/AVR/article/view/9873
https://doi.org/10.32598/SJRM.10.6.22

