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on expression of affect in preschool
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Abstract

Background: Children with hearing impairment are deprived of their source of linguistic input which in turn leads
to linguistic and prosodic deficits that negatively affect language and social development. Linguistic aspects other
than prosody have received considerable attention in studies concerned with hearing-impaired children with little
literature addressing how to improve their affective prosodic deficits. The aim of the current study is to adapt and
apply the “prosody treatment program” and detect the effect of prosodic rehabilitation on affect production and
language development in Egyptian hearing-impaired children. This study was conducted on 21 children with
sensorineural hearing loss. The subjects were randomly divided into two groups, group A (cases) and group B
(control) by block randomization. The subjects of the study were evaluated pre and post-therapy by a protocol for
assessment of their prosodic skills using subjective and objective measures. Both groups received the usual auditory
and language rehabilitation therapy. The case group additionally received rehabilitation for prosody using the
“prosody treatment program” for 3 months.

Results: Results showed a statistically significant improvement in the subjective scores and most of the objective
scores of the assessed affective prosodic skills when comparing pre-therapy and post-therapy scores in the cases
group, and when comparing both studied groups post-therapy.

Conclusions: Prosodic training has an additional benefit evident in improving affective prosodic skills of hearing-
impaired children compared to conventional therapy alone with a positive effect on their linguistic development.

Trial registration: The trial is registered at www.clinicaltrials.gov NCT04691830. Registered under the name
“Adaptation of a Rehabilitation Program for Prosody and its Application on Egyptian Hearing Impaired Children”.
Retrospectively registered:
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Background
Prosody is the melody and rhythm of speech. It repre-
sents the suprasegmental aspects of speech in the form
of pitch, loudness, and duration. Each language has its
unique phonological system and prosodic characteristics.

The main prosodic forms are conveyed as prosodic cues
which are intonation, stress, and rhythm and these com-
ponents vary among languages [1]. Pitch, loudness, and
duration are conveyed by their acoustic correlates in-
cluding fundamental frequency (f0), intensity, and the
length of the acoustic intervals respectively [2].
Prosody has several communicative functions such as

its affective, pragmatic, and grammatical functions [3].
Affective prosody involves the manipulation of prosodic
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features to convey the attitude of the speaker allowing
communicative partners to share their feelings and in-
corporate register variations to accommodate different
social contexts [4–6]. Processing of affect requires both
auditory and visual information; as a result, hearing-
impaired individuals are at a disadvantage. Hearing-
impaired children are deprived of auditory input early in
life resulting in a negative impact on language and
speech development. Early language stimulation paves
the way to social and emotional development. Studies
indicated that hearing-impaired children with adequate
language have fewer psychological and social challenges
compared to their peers with more delayed language [7].
Moreover, adequate exposure of cochlear implanted (CI)
children to spoken language is reported to be associated
with better social welfare [8].
Fundamental frequency (f0) variations are the main

cues responsible for conveying different emotions in
speech and music. Studies demonstrated that CI chil-
dren usually perform poorly in emotion recognition
tasks when compared to normal hearing children and
this poor performance in emotional recognition has been
connected to poor perception of pitch cues [9, 10]. Pre-
vious research showed that moderate to profound
hearing-impaired children demonstrate inadequate per-
ception of emotion in auditory only, visual only, and
auditory-visual conditions [11]. This concludes that
pitch perception is challenging, not only for CI users but
also for those using hearing aids (HAs).
Several suprasegmental deficits are characteristic of

the speech of the hearing- impaired particularly prosodic
control of intonation and stress [12, 13]. Regarding
affective prosody production, some studies showed that
CI children produce emotions with a limited range of f0
and intensity with little contrasts between different emo-
tions in addition to an imprecise imitation of emotions
due to inappropriate pitch inflection and an overall
monotonous speech [14, 15].
Prosody remediation programs for hearing impairment

include speech training programs, sensory feedback pro-
grams, and Music training.
Speech training programs aim at providing activities

targeting auditory discrimination, imitation, and eliciting
appropriate speech production. Klieve and Jeanes [16]
applied an intervention program that included activities
focusing on tone and affect, questions and statements,
intensity, stress, chunking, and grammar. The program
activities highlighted meaning distinctions delivered by
speech prosody.
Friedman [17] trained three severe to profound

hearing-impaired children in auditory training, imitation,
and production of terminal declination of pitch slope at
the end of utterances to elicit appropriate production of
terminal F0 in utterances.

Sensory feedback programs utilizing sensory aids in
addition to auditory feedback are based on the need for
an additional aid to provide feedback due to poor per-
ception of f0 changes by hearing-impaired individuals.
Computer-based training programs have been beneficial

in improvement of prosodic aspects of HI children. A
computer-based Hungarian prosody teaching system was
created by David Stazho, GaborKiss, and Klara Visci [18]
to provide a visual display on loudness, intonation (dis-
played in the form fundamental frequency variation over
time), and rhythm for hearing impaired individuals.
Several studies addressed the role of music and rhythm

training in improving the prosodic skills of hearing im-
paired children, particularly the perception of stress pat-
terns, F0 contours, and music perception [19–21]
Studies focusing on prosodic intervention in hearing-

impaired children have not received much attention as
other speech and language aspects. Most of the previ-
ously published interventions were non-comprehensive
and targeted a restricted range of prosodic skills.
In light of the role of prosody in social interaction and

maturity, the current study aims at examining the effect
of rehabilitation of prosody using the adapted translated
version of the “prosody treatment program” [22] on
Arabic-speaking Egyptian hearing-impaired children,
particularly its role in the improvement of affect produc-
tion and its implication on language development in
comparison to the conventional auditory and language
training alone.

Methods
Study design
Participants were enrolled in two parallel groups in a
randomized controlled study design. The study was de-
signed to assess the effect of training by the “prosody
treatment program” [22] on the expression of affect in
pre-school age children with hearing impairment in
comparison to traditional auditory and language re-
habilitation alone. The research was conducted in the
time interval between February 2019 and February 2020
after approval of the ethics committee (IRB No:
00012098). The study adheres to CONSORT guidelines.

Study participants
Subjects included in the study were 21 hearing-impaired
children of both sexes, in the pre-school age (from 3 to 6
years). Children were randomly divided by a randomization
block design into a case group (n = 11) which received the
“prosody treatment program” [22] in addition to the usual
auditory and language rehabilitation provided at the pho-
niatrics unit, and a control group (n = 10) which received
the usual rehabilitation without prosodic intervention.
Inclusion criteria of the study participants were pre-

school age children (3–6 years) using auditory-verbal
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communication with severe up to profound sensori-
neural hearing loss (SNHL) in unaided conditions, fitted
with HAs or CIs, with satisfactory benefit (aided hearing
threshold less than 40 dB across all frequencies). Exclu-
sion criteria included children with intellectual disability,
brain damage, additional sensory impairment, psychiatric
comorbidities (example; autism spectrum disorder), and
children with motor speech disorders such as apraxia
of speech. Data were collected and the study was
conducted at the Phoniatrics Unit, Department of
Otorhinolaryngology.

Interventions
The “Prosody Treatment Program” [22] was translated
to Arabic and used for prosodic training of Egyptian
pre-school age children with hearing impairment. The
program was applied to group A (case group) in individ-
ual sessions, one session per week, each session was
about 1 h in duration. Both groups received the usual
auditory and language rehabilitation in thirty-minute
sessions, twice per week for 3 months.

Translation of the “Prosody Treatment Program” [22]
The program was translated to Arabic and necessary
modifications were done to adapt it to the Arabic lan-
guage and Egyptian culture after permission from the
publisher. The translated version was revised by three
experienced bilingual phoniatricians.

The “Prosody Treatment Program” [22]
The principles of validated interventions are imple-
mented in the program such as Melodic Intonation
Therapy (MIT), Lee Silverman Voice Treatment (LSVT),
and Dynamic Temporal and Tactile Cueing (DTTC) for
Speech Motor Learning, in addition to expert profes-
sional practice [23–25]. The program is divided into two
sections according to the age into preschool section and
school age section. Only the pre-school section was used
in this study. Activities included in the program target
the main prosodic features; pitch, loudness, and duration
and their implementation for adequate production of
different prosodic components such as stress and
intonation.

Prosodic skills targeted in the program
The program included the following activities and mate-
rials to practice basic prosodic skills.

– Musical instruments: to help increase the child’s
awareness of the concept of pitch and rhythm and
provide the opportunity to experiment with aspects
of rate, loudness, and different melodic patterns. In
this activity, the clinician modeled simple patterns
and encouraged the child to imitate them (e.g.,

quiet-quiet-loud). Appropriate feedback was given
throughout the activity such as “That was nice and
slow” and “That was really fast.”

– Vocalizing: helped the child practice producing
vocal inflections. An example is the “Ahhhh song”
which focused on vocalization and pitch without
using words, only the vowel /a/ was used. This
activity is appropriate for children with minimal
verbal expression.

– Animal sounds: helped children to manipulate their
voices using fun activities. In the “Guess who I am”
activity, the clinician and children cut out pictures
of different animals. The clinician and the child took
turns modeling the sound and guessing the animal.

– Expressions: included activities that encouraged the
child to use frequent daily used expressions
produced with increased inflection. An example in
the pretend cooking activity using toy food and
kitchen items. A silly food was prepared such as
dirty sock soup, the child was encouraged to imitate
the clinician's expressions such as “Ewww, gross” in
contrast to making a tasty meal and using
expressions such as “mmmm” or “yummy.”

– First sentences: this activity included three songs
provided with picture cues for each song. The songs
contained common phrases produced with typical
vocal stress and speech inflection. One of the songs
is the “it’s your turn, it’s my turn” song which
targeted language and turn taking by singing the
song using stress on the pronoun by saying it using
a higher pitch, loudness, and duration in each
phrase with the use of picture cues.

– Quiet/whisper voice: included playing a game to
help the child practice quiet/whisper voice.

– Character voices: included a story provided with
pictures with different characters using distinct
voices for each character (such as a high-pitched
voice for the baby bear) to help the child practice
different vocal tones.

All activities were provided with tips to help the clin-
ician apply the activity properly and provide feedback to
the child.
The following expressive task cues were implemented

starting with the most independent level and moving
back a step till the child was successful and training pro-
ceeded towards achieving independent responses in the
most advanced level. The cues are based on the princi-
ples of DTTC [25].
Expressive task cues:

1. The child says the utterance in unison with you.
2. The child repeats the utterance while watching

your face.
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3. The child repeats the utterance without watching
your face.

4. The child repeats the utterance without watching
your face, after a 2–3-s delay.

5. The child says the utterance independently without
any cues.

Auditory and language rehabilitation
Auditory rehabilitation included activities targeting audi-
tory skills: sound detection, discrimination, identification,
and auditory comprehension. Language rehabilitation in-
cluded activities aiming at improving semantics, syntax,
pragmatics, and phonology. The training for both studied
groups was administered by the same phoniatrician.

Study outcomes
The primary outcome of the study was the assessment
of the affective prosodic skills of hearing-impaired chil-
dren after the intervention, and this was done using
items of the Prosodic skill assessment protocol assessing
affect [26]. The secondary outcomes of the study were
the assessment of the effect of rehabilitation on the lan-
guage and cognitive development of the participants
using the Arabic language test and Stanford-Binet Scale,
respectively [27, 28].

Assessment
All children were subjected to the following protocol of
assessment before and after intervention:

1- History taking including personal data, complaint,
analysis of symptoms, and detailed present, past,
and family history.

2- General examination, neurological examination, and
oral motor examination.

3- Audiological evaluation by pure tone audiometry to
determine aided and un-aided hearing threshold
levels.

4- Psychometric evaluation by Stanford-Binet Scale
4th edition [28] to assess verbal intelligence quotient,
abstract intelligence quotient, and general intelligence
quotient.

5- Arabic language test [27] to assess receptive
language, expressive language, semantics,
pragmatics, and prosody. The child's score was then
compared to the mean of his/her age group to
determine the child's language age.

6- Evaluation of prosody by prosodic skill assessment
protocol [26].

Subjective assessment
The assessment protocol originally included the assess-
ment of ten prosodic skills: five affective and five

grammatical skills. Only the five subtests assessing
affective prosodic skills were used for this study:

1- Expression of anger: To elicit this pattern each
participant was shown pictures illustrating an anger
scene, for example, a picture of a mother expressing
her anger towards her daughter who has broken a
toy saying/ ænæ zæ læ:næ mennek/

2- Verbal disapproval phrases: elicited by showing
pictures representing a disapproval act, for example,
a picture of a child pulling on her sister’s hair and
her mother disapproving of what she is doing and
telling her that this is wrong. /kedæ Ɣalat/

3- Verbal exclamation, to elicit the surprise prosodic
pattern by showing pictures representing an
exclamation scene, for example, the picture of a girl
who has just received a new dress and is saying
/ʔalla:h fƲstae:n gæmi:l/

4- Wishful pattern elicited by showing pictures
demonstrating wishful pattern, such as, a picture of
a girl studying and wishing that she will succeed
and saying /ja rab ængæħ/

5- Warning patterns: to elicit the warning prosodic
pattern from each child, each child was shown
pictures to evoke this pattern, such as a picture of a
girl putting her hand near a knife and her mother
warning her that this is dangerous by saying /ʔewʕi
ʔelsekinæ tegræhek/

The child had to produce sentences with the appropri-
ate stress in order to obtain a full score for the tested
item. Each skill was assessed using four pictures, the first
and the second pictures were used as a demo and a trial
respectively. The demo and the trial pictures were not
scored. The third and fourth pictures represented the
test stimuli to evoke sentence production with appropri-
ate stress patterns.
The results were numerically scored for the third and

fourth pictures as follows:
0- Incorrect or no response.
1- One correct response with help (imitation).
2- Two correct responses with help (imitation).
3- One correct spontaneous response + another cor-

rect response with help (imitation).
4- Two correct responses spontaneously with 100%

accuracy.
Subjective scores were obtained from two phoniatri-

cians with a minimum of 3 years of experience, separ-
ately and blindly, to ensure the reliability of the
subjective assessment.

Objective analysis
The five prosodic skills assessed by the prosodic skill as-
sessment protocol were recorded and analyzed by a
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spectrogram, a program of computerized speech lab
(CSL) model 4500–Kay Pentax to obtain the following
data from each utterance from its beginning to its end:

1. The mean pitch contour in Hz.
2. The mean energy contour representing the energy

in dB.
3. Mean duration of the sound wave of the whole

utterance, calculated in seconds.

Randomization and blinding
The allocation sequence was generated using permuted
block randomization technique and the block size was four
participants per block. The allocation sequence was con-
cealed from the person allocating the participants to the
intervention arms using sealed opaque envelopes by the
statistician. A double-blinded approach was adopted. Blind-
ing was employed on participants and outcome assessors
who were blinded to the group allocation of patients.

Statistical methodology
Data were analyzed using IBM SPSS software package
version 20.0. (Armonk, NY: IBM Corp). Qualitative data
were described using number and percent. The
Kolmogorov-Smirnov test was used to verify the normal-
ity of distribution. Quantitative data were described
using range (minimum and maximum), mean, standard
deviation, median, and Interquartile range (IQR). Signifi-
cance of the obtained results was judged at the 5% level.
Chi-square test was used to test the association be-

tween qualitative variables. Fisher’s exact test and Monte
Carlo corrections were carried out when indicated (n ×
m table or expected cells less than 5).
Comparisons were carried out between two studied in-

dependent normally distributed subgroups using Stu-
dent’s t test. Comparisons were carried out between two
studied related normally distributed subgroups using
paired t test. Comparisons were carried out between two
studied independent not-normally distributed subgroups
using Mann-Whitney U test. Comparisons were carried

Table 1 Comparison between the two studied groups according to demographic data and history

Group A(n = 11) Group B(n = 10) Test of
significance

P value

No. % No. %

Sex

Male 3 27.3 2 20.0 χ2 = 0.153 FEp = 1.000

Female 8 72.7 8 80.0

Age pre-intervention (years)

Mean ± SD 5.11 ± 0.94 4.94 ± 0.59 t = 0.473 0.642

Age of diagnosis of HI (years)

Mean ± SD 1.63 ± 1.24 1.28 ± 0.89 t = 0.743 0.466

Timing of hearing loss

Pre-lingual 10 90.9 9 90.0 χ2 = 0.005 FEp = 1.000

Peri-lingual 1 9.1 1 10.0

Degree of SNHL

Bilateral profound 9 81.8 10 100.0 χ2 = 1.881 MCp = 1.000

Bilateral severe 1 9.1 0 0.0

Severe-profound 1 9.1 0 0.0

HA/CI

CI 8 72.7 9 90.0 χ2 = 1.014 FEp = 0.586

HA 3 27.3 1 10.0

Hearing age (years)

Mean ± SD 1.75 ± 1.21 1.51 ± 1.28 t = 0.444 0.662

Previous rehabilitation

No 1 9.1 1 10.0 χ2 = 0.005 FEp = 1.000

Yes 10 90.9 9 90.0

χ2 chi-squared test, FE Fisher’s exact, MC Monte Carlo, t Student’s t test, p p value for comparing between the studied groups, Group A cases, Group B control
Pre-lingual hearing impairment: hearing impairment before language acquisition, either congenital or in early childhood.
Peri-lingual hearing impairment: hearing impairment when some language has been acquired, before complete language development.
Hearing age: the duration since satisfactory amplification or cochlear implantation
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out between two studied related not-normally distrib-
uted subgroups using Wilcoxon signed-rank test. An
alpha level was set to 5% with a significance level of
95%, and a beta error accepted up to 20% with a power
of study of 80% (when calculating the sample size). The
sample size was calculated using two proportions power
analysis in NCSS & PASS program.
Intraclass correlation coefficient was used for the

agreement between rater 1 and rater 2 for subjective as-
sessment of the studied preschool age groups.

Results
The 21 participants were analyzed, group A cases (n =
11), and group B control (n = 10) after a period of 3
months of intervention which was the predetermined
period of time necessary to complete the intervention.
Descriptive analysis, t test and chi-square test showed

that the two groups were matching regarding their
demographic data and relevant history (Table 1).
There was a statistically significant increase in verbal

IQ (p = 0.038) of the cases group when comparing pre-
therapy and post-therapy scores. No statistically signifi-
cant difference was found in abstract IQ and general IQ.
When both studied groups were compared post-therapy,
no statistically significant difference was found (Table 2)
Regarding the Arabic language test, the mean differ-

ence between pre-therapy and post-therapy scores of
both groups was compared. The results showed a statis-
tically significant improvement in the pragmatic lan-
guage age (p =0.046) and the total language age (p =
0.032) in the case group (Table 3).

Subjective assessment of prosody
Comparison between pre-therapy and post-therapy sub-
jective assessment scores showed a statistically signifi-
cant increase in all subjective scores among the
preschool cases group (group A). When comparing pre-
therapy and post-therapy scores of the control group, no
statistically significant difference was found in any of the
studied skills. When both group post-therapy scores
were compared, a statistically significant difference was
found in all of the assessed patterns (Table 4).
Subjective scores of the cases and control group pre

and post-intervention were rated separately and blindly
by two raters. Intraclass correlation coefficient showed
that most of the scores had between good (ICC between
0.75 and 0.90) to excellent agreement (above 0.90) de-
noting reliability of the subjective assessment (Table 5).

Objective prosodic assessment
Mean F0, mean intensity, and mean duration were mea-
sured for each utterance, as these parameters were found
to be among the most important ones signaling emo-
tional prosody in previous studies [29]. The following re-
sults were obtained from the acoustic analysis of the five
assessed utterances:

– Anger pattern, verbal disapproval, verbal
exclamation, and wishful thinking showed a
statistically significant increase in duration between
pre-therapy and post-therapy in the cases group.Ex-
pression of anger is reported in literature to be asso-
ciated with an increase

Table 2 Comparison between the two studied groups according to Stanford-Binet Scale

Stanford-Binet Group A(n = 11) Group B(n = 10) Test of significance P value

Verbal IQ Pre-therapy

Mean ± SD 64.73 ± 20.75 64.0 ± 25.60 t = 0.072 0.943

Post-therapy

Mean ± SD 75.27 ± 11.77 67.70 ± 20.24 t = 1.061 0.302

p1 0.038* 0.445

Abstract IQ Pre-therapy

Mean ± SD 93.36 ± 8.14 92.70 ± 10.38 t = 0.164 0.872

Post-therapy

Mean ± SD 92.36 ± 8.46 92.20 ± 9.17 t = 0.043 0.967

p1 0.772 0.676

General IQ Pre-therapy

Mean ± SD 76.27 ± 10.48 75.0 ± 18.99 t = 0.193 0.849

Post therapy

Mean ± SD 81.45 ± 9.63 75.80 ± 14.33 t = 1.071 0.298

p1 0.059 0.804

t Student’s t-test, p p value for comparing between the studied groups, p1 p value for paired t test for comparing between pre and post therapy, Group A cases,
Group B control
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Table 3 Comparison between the two studied groups according to mean difference of Arabic language test

Mean difference of Arabic language test Group A(n = 11) Group B(n = 10) U p

Semantic language age (years)

Median (IQR) 0.50(0.0–1.25) 0.25(0.0–1.50) 48.0 0.654

Receptive language age

Median (IQR) 1.0(0.50–1.0) 0.75(0.0–1.0) 32.50 0.104

Expressive language age

Median (IQR) 0.50(0.50–1.0) 0.25(0.0–1.0) 41.0 0.304

Pragmatic age

Median (IQR) 1.0(0.25–1.25) 0.0(0.0–0.50) 28.50* 0.046*

Prosody age

Median (IQR) 1.0(0.75–1.75) 1.0(0.0–1.50) 43.50 0.406

Total language age

Median (IQR) 1.0(0.501.75) 0.50(0.0–0.50) 26.0* 0.032*

U Mann-Whitney test, IQR interquartile range, p p value for comparing between the studied groups, Group A cases, Group B control
*Statistically significant at p ≤ 0.05

Table 4 Comparison between the two studied groups according to subjective assessment of prosodic skills

Subjective assessment of prosodic skills Group A(n = 11) Group B(n = 10) Test of sig. p

Anger pattern Pre-therapy

Mean ± SD 1.64 ± 1.12 1.30 ± 1.06 U = 45.0 0.453

Post-therapy

Mean ± SD 2.82 ± 1.08 1.70 ± 0.95 U = 25.0* 0.025*

p1 0.010* 0.102

Verbal disapproval Pre-therapy

Mean ± SD 2.45 ± 1.37 1.80 ± 0.92 U = 42.0 0.343

Post-therapy

Mean ± SD 3.27 ± 0.79 1.70 ± 0.48 U = 7.0* <0.001*

p1 0.030* 0.655

Verbal exclamation Pre-therapy

Mean ± SD 2.09 ± 1.22 2.20 ± 0.63 U = 53.50 0.911

Post-therapy

Mean ± SD 3.36 ± 0.81 2.20 ± 0.92 U = 19.50* 0.009*

p1 0.016* 1.000

Wishful thinking Pre-therapy

Mean ± SD 2.18 ± 1.08 1.80 ± 1.23 U = 47.50 0.574

Post-therapy

Mean ± SD 3.36 ± 0.92 1.80 ± 1.03 U = 13.50* 0.002*

p1 0.026* 1.000

Warning speech Pre-therapy

Mean ± SD 2.27 ± 1.19 1.30 ± 0.48 U = 29.0* 0.046*

Post-therapy

Mean ± SD 3.18 ± 0.87 1.80 ± 0.63 U = 13.50* 0.002*

Mean difference ↑0.91 ± 1.14 ↑0.50 ± 0.71 U = 44.0 0.406

p1 0.031* 0.059

U Mann-Whitney test, p p value for comparing between the studied groups, p1 p value for paired t test or Wilcoxon signed-rank test for comparing between pre-
and post-therapy, Group A cases, Group B control
*Statistically significant at p ≤ 0.05
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– Anger pattern, verbal exclamation, and warning
speech showed a statistically significant increase in
mean F0 between pre-therapy and post-therapy in
the cases group.

– A statistically significant increase in the mean
energy of anger pattern was found in the cases
group between pre-therapy and post-therapy. While
comparison of the scores of both studied groups
post-therapy showed a statistically significant differ-
ence in mean energy of anger pattern, verbal disap-
proval, and warning speech.

Discussion
The results of the present study demonstrated a trend of
improvement of the affective prosody of hearing-
impaired children following intervention using the
“prosody treatment program” [22] targeting receptive
and expressive prosodic skills. A statistically significant
improvement was found regarding the subjective scores
of all the assessed emotions as shown in Table 4. The
improvement of the subjective scores was accompanied
by durational, f0, and intensity changes. The objective
measures of the utterances post-intervention showed a
pattern of changes in the cases group with similarities to
those documented in literature that reported normal
patterns of emotion production [26].
The findings of the current intervention regarding the

expression of anger pattern showed that the

improvement in the subjective scores was associated with
a statistically significant increase in the mean duration and
the mean energy of the utterance (Table 6). Expression of
anger is reported in literature to be associated with an in-
crease in mean energy and fundamental frequency [30,
31]. Bahgat et al. [26] found a positive correlation between
anger pattern and frequency values but found no correl-
ation with energy values in the production of normally de-
veloping Arabic-speaking children.
The statistically significant increase in the mean en-

ergy of verbal disapproval is in line with studies associat-
ing appropriate production of verbal disapproval with
increase in the mean energy of the utterance [26]; there-
fore, justifying the subjective improvement of this pat-
tern in the cases group.
Auditory perceptual improvement of the production of

verbal exclamation (surprise) was accompanied object-
ively by a significant increase in mean duration and
mean f0 among the cases group (Table 6). Studies dem-
onstrated that expression of surprise is accompanied by
an increase in mean frequency in normal production.
No significant difference was found in the mean energy
of the utterance. It is worth mentioning that Nakata
et al. [9] mentioned the challenge facing children with
CI in imitation of disappointment and surprise patterns.
Warning pattern demonstrated a statistically signifi-

cant increase in mean energy and f0 in preschool
cases in comparison with the control group (Table 6).

Table 5 Comparison between rater 1 and 2 in subjective assessment

Group A (n = 11) Group B (n = 10)

ICC p (95% CI) LOA ICC p (95% CI) LOA

Anger pattern

Pre-therapy 0.722* 0.002* 0.268–0.916 Moderate 1.000* < 0.001* 1.000–1.000 Excellent

Post-therapy 0.962* < 0.001* 0.872–0.989 Excellent 0.914* < 0.001* 0.694–0.978 Excellent

Verbal disapproval

Pre-therapy 0.974* < 0.001* 0.912–0.993 Excellent 1.000* < 0.001* 1.000–1.000 Excellent

Post-therapy 0.845* < 0.001* 0.530–0.956 Good 0.758* 0.003* 0.286–0.934 Good

Verbal exclamation

Pre-therapy 0.890* < 0.001* 0.660–0.969 Good 0.862* < 0.001* 0.539–0.964 Good

Post-therapy 0.938* < 0.001* 0.798–0.983 Excellent 0.882* < 0.001* 0.598–0.969 Good

Wishful thinking

Pre-therapy 0.917* < 0.001* 0.726–0.977 Excellent 0.965* < 0.001* 0.866–0.991 Excellent

Post-therapy 0.771* 0.001* 0.377–0.932 Moderate 0.949* < 0.001* 0.810–0.987 Excellent

Warning speech

Pre-therapy 0.693* 0.005* 0.231–0.905 Moderate 1.000* < 0.001* 1.000–1.000 Excellent

Post-therapy 1.000 < 0.001* 1.00–1.00 Excellent 1.000* < 0.001* 1.000–1.000 Excellent

ICC intraclass correlation coefficient, LOA level of agreement, p p value for comparing between rater 1 and 2
*Statistically significant at p ≤ 0.05, Group A cases, Group B control
Value of ICC below < 0.50: poor agreement, between 0.50 and < 0.75: moderate agreement, between 0.75 and .90: Good agreement, above 0.90:
excellent agreement
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Table 6 Comparison between the two studied groups according to objective prosodic assessment

Objective prosodic assessment Group A (n = 11) Group B (n = 10) Test of sig. p

Anger pattern Duration (s) Pre-therapy

Mean ± SD 0.69 ± 0.28 1.12 ± 0.50 t = 2.429* 0.029*

Post-therapy

Mean ± SD 0.98 ± 0.26 1.09 ± 0.61 t = 0.506 0.622

p1 0.025* 0.859

Mean F0 (Hz) Pre-therapy

Mean ± SD 207.1 ± 28.10 211.2 ± 27.64 t = 0.338 0.739

Post-therapy

Mean ± SD 223.5 ± 25.81 205.3 ± 39.82 t = 1.253 0.225

p1 0.005* 0.667

Mean energy (dB) Pre-therapy

Mean ±SD 52.92 ± 6.36 53.58 ± 6.98 t = 0.227 0.823

Post-therapy

Mean ± SD 60.07 ± 4.55 52.64 ± 5.27 t = 3.464* 0.003*

p1 0.004* 0.657

Verbal disapproval Duration (s) Pre-therapy

Mean ± SD 0.65 ± 0.27 0.70 ± 0.38 U = 52.0 0.833

Post-therapy

Mean ± SD 1.02 ± 0.53 0.86 ± 0.52 U = 43.0 0.398

p1 0.026* 0.799

Mean F0 (Hz) Pre-therapy

Mean ± SD 215.5 ± 32.0 218.5 ± 27.16 t = 0.233 0.818

Post-therapy

Mean ± SD 226.1 ± 27.63 212.8 ± 27.68 t = 1.098 0.286

p1 0.343 0.451

Mean energy (dB) Pre-therapy

Mean ± SD 55.40 ± 6.62 54.25 ± 7.40 t = 0.378 0.710

Post-therapy

Mean ± SD 58.51 ± 5.47 51.21 ± 8.32 t = 2.398* 0.027*

p1 0.193 0.053

Verbal exclamation Duration (s) Pre-therapy t = 0.659 0.520

Mean ± SD 1.16 ± 0.48 1.35 ± 0.79

Post-therapy

Mean ± SD 1.92 ± 0.47 1.30 ± 0.45 t = 3.056* 0.007*

p1 0.008* 0.798

Mean F0 (Hz) Pre-therapy

Mean ± SD 188.1 ± 15.77 202.6 ± 26.79 t = 1.531 0.142

Post-therapy

Mean ± SD 206.5 ± 17.77 205.3 ± 25.68 t = 0.119 0.906

p1 0.002* 0.694

Mean energy (dB) Pre-therapy

Mean ± SD 53.85 ± 8.81 52.21 ± 9.15 t = 0.418 0.680

Post-therapy

Mean ± SD 54.97 ± 6.41 50.23 ± 7.92 t = 1.516 0.146
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Warning patterns are normally characterized by an
increase in the mean energy of the utterance in
Arabic-speaking children [26], indicating an improve-
ment in the production of this pattern as perceived
by subjective assessment.
No statistically significant difference was found in

the frequency of verbal disapproval, the intensity of
verbal exclamation, or the frequency and intensity of
wishful thinking even though these patterns demon-
strated a significant improvement of their subjective

scores. The normal development of these patterns is
achieved older than 6 years of age, mature control of
fundamental frequency is not normally achieved before
the age of 7 years, and changes in acoustic parameters
signaling prosody might be minimal even though audi-
tory perception is significantly changed [26, 32].
The results of the present study demonstrated that the

significant improvement in the subjective scores is asso-
ciated with increased duration of the utterance. This is
contradictory to other studies reporting that appropriate

Table 6 Comparison between the two studied groups according to objective prosodic assessment (Continued)

Objective prosodic assessment Group A (n = 11) Group B (n = 10) Test of sig. p

p1 0.683 0.557

Wishful thinking Duration (s) Pre-therapy

Mean ± SD 1.11 ± 0.52 2.03 ± 0.97 U = 20.0* 0.014*

Post-therapy

Mean ± SD 1.97 ± 0.77 1.27 ± 0.42 U = 14.0* 0.004*

Mean difference ↑0.86 ± 1.0 ↓0.77 ± 1.03 U = 10.0* 0.002*

p1 0.014* 0.047*

Mean F0 (Hz) Pre-therapy

Mean ± SD 203.8 ± 25.61 216.7 ± 25.57 t = 1.158 0.261

Post-therapy

Mean ± SD 224.6 ± 28.60 213.9 ± 35.60 t = 0.767 0.452

p1 0.054 0.783

Mean energy (dB) Pre-therapy

Mean ± SD 53.06 ± 5.52 50.58 ± 8.67 t = 0.791 0.439

Post-therapy

Mean ± SD 53.93 ± 5.19 49.78 ± 6.81 t = 1.581 0.130

p1 0.691 0.677

Warning speech Duration (s) Pre-therapy

Mean ± SD 1.40 ± 0.67 1.19 ± 0.66 t = 0.722 0.479

Post-therapy

Mean ± SD 1.91 ± 0.50 1.08 ± 0.71 t = 3.132* 0.005*

p1 0.064 0.534

Mean F0 (Hz) Pre-therapy

Mean ± SD 195.1 ± 17.98 215.2 ± 26.02 t = 2.043 0.058

Post-therapy

Mean ± SD 208.8 ± 21.88 213.5 ± 33.94 t = 0.373 0.714

p1 0.010* 0.875

Mean energy (dB) Pre-therapy

Mean ± SD 52.79 ± 6.77 53.43 ± 6.58 t = 0.221 0.828

Post-therapy

Mean ± SD 54.09 ± 5.21 48.74 ± 3.52 t = 2.726* 0.013*

p1 0.549 0.028*

t Student’s t test, p p value for comparing between the studied groups, p1 p value for paired t test or Wilcoxon signed-rank test for comparing between pre and
post, Group A cases, Group B control
*Statistically significant at p ≤ 0.05

Sobhy et al. The Egyptian Journal of Otolaryngology           (2021) 37:60 Page 10 of 13



prosodic development is associated with a decrease in
the mean duration as a result of the increase in the
speech rate of children as their maturation progresses
[26]. The significant increase in the mean duration
detected post intervention in the current study is
most probably attributed to the increase in the sen-
tence length of children as evidenced by the signifi-
cant increase in their total language age and verbal
IQ, not due to an inappropriate decrease in their
speech rate.
The objective results of the current study indicate the

effect of prosodic training on improving motor learning
resulting in better control of pitch production. Addition-
ally, the increase in the mean energy of the utterances
indicates better phonatory abilities resulting in the ability
to apply different loudness levels and expand the loud-
ness range of the utterances of HI children to accommo-
date different contexts.
Improvement of prosodic production of emotions in-

dicates the improvement in the ability of HI children to
perceive intonational contours characteristic for each
emotion, and spontaneously produce or imitate these ut-
terances using prosodic patterns comparable to normal
expressive patterns of affect. These findings were further
confirmed by the acoustic objective analysis.
The preschool section of the intervention program in-

cluded songs and experimenting with musical instru-
ments to increase awareness of children of rhythmic and
pitch variations. The results of the current study are in
agreement with the findings of the study by Torppa [33]
which demonstrated the role of intervention using music
and rhythm in the improvement of prosody, in particular
stress and emotion production, concluding that musical
activities are associated with better stress perception in
addition to improved expressive linguistic skills.
The pattern of prosodic improvement in our study is

also in line with the results of Klieve and Jeanes [16] who
detected considerable improvement of prosodic skills of
children with hearing impairment after a 10-week inter-
vention program targeting prosodic perception skills such
as affect, loudness, question and statement, chunking and
stress and reported their effect on the improvement of
prosodic production abilities.
The program was used in training the children using

activities targeting the main prosodic features: pitch,
loudness, and duration. The learned prosodic skills were
applied to produce adequate prosodic cues namely
stress, rhythm, and intonation. Focusing on specific pa-
rameters and neglecting others was avoided, because tar-
geting an individual prosodic parameter and disregarding
others has been discouraged to avoid negatively altering a
child’s phonological system [34].
No statistically significant difference was detected in

the control group receiving the conventional treatment

suggesting that it is unlikely that auditory and language
rehabilitation alone would achieve prosodic improve-
ment in such a short period of time as that achieved by
the group that received the prosody intervention
program.
The results of the present study lead to the conclusion

that rehabilitation of prosody has an additional benefit
to HI children and the deficient prosodic abilities of HI
children are responsive to motor planning and amenable
to change by incorporating prosodic cues in a frame-
work of meaningful language-based contexts, resulting
in improvement of their expressive prosodic skills.
A statistically significant increase in the verbal IQ of the

cases group was found when comparing pre-therapy and
post-therapy scores (Table 2). This could be explained by
the effect of prosodic skills on the development of lan-
guage leading to an increase in verbal intelligence. These
findings were further confirmed by the significant im-
provement detected in the language skills of the cases
group (Table 3). These results confirm the role of prosody
in language acquisition and word learning [35]. This is
supported by the pragmatic and syntactic functions of
prosody, as prosody is thought to have a prominent inter-
action with the pragmatic aspect of language particularly
by its role in conveying phrasal stress. Moreover, prosody
facilitates word acquisition by means of aiding in speech
segmentation [36, 37]. The contribution of prosody to lan-
guage acquisition could be explained by the prosodic
bootstrapping hypothesis, which proposes that children
make use of the suprasegmental features during syntactic
development. Thus, prosody bootstraps the lexical and
syntactic acquisition [38].

Conclusion
The results presented indicate that prosodic interven-
tion improves the production of emotions in children
with SNHL. Moreover, prosody training may have a
role in accelerating language acquisition in HI chil-
dren. Therefore, the assessment of prosodic skills in
HI children to detect their prosodic deficits is war-
ranted in order to incorporate prosodic training in
their speech and language rehabilitation plans. Con-
ducting longitudinal studies with larger samples is
suggested to detect if the acquired skills were main-
tained or further developed.

Limitations
The results of the current study should be interpreted
with caution as the study is subject to some limitations
that could be addressed in future research. The study
sample size was small, replication of the study on a lar-
ger sample is recommended. The studied groups did not
include normal hearing children which might have been
beneficial.
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