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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
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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 LitttEARS and ABEL are
long tests, they target a certain age range and have more
general use, but the IT-MALIS 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-MALIS in Chinese
infants were 0.84, 0.92, 0.84, and 0.89, respectively [21].
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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.
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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 (MeantSD
13.945.1 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 o 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.
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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 13.945.1 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
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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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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 B 9 3 39
23 M 2 3 22
JMR

Abbreviations: CAP: Categorical auditory performance; SIR: Speech intelligibility rating; IT-MAIS-P: The Persian version of

infant-toddler meaningful auditory integration scale.

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.
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Table 2. Pearson correlation coefficient results for concurrent validity

Independent Variable Indexes CAP
Correlation coefficient 0.877
IT-MAIS-P Sig. 0.000

No 23

JMR

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
Correlation coefficient 0.311
IT-MAIS-P Sig. 0.148

No. 23

JMR

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 T® Sig.
Measure of agreement Kappa 0.446 0.105 8.839 0.000
No of valid cases 23

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
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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 a 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-MALIS 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.
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