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Introduction

Loudness judgment is utilized for several day-to-day
activities. Perception of loudness has been found to help in

the judgment of relative distance,1,2 emotions,3–5 and
perception of stress in speech.6–8 In normal hearing children,
the ability to perceive loudness similar to adults has been
behaviorally observed as early as 4 to 5 years of age.9,10
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Abstract Introduction Loudness perception is considered important for the perception of
emotions, relative distance and stress patterns. However, certain digital hearing
devices worn by those with hearing impairment may affect their loudness perception.
This could happen in devices that have compression circuits to make loud sounds soft
and soft sounds loud. These devices could hamper children from gaining knowledge
about loudness of acoustical signals.
Objective To compare relative loudness judgment of children using listening devices
with age-matched typically developing children.
Methods The relative loudness judgment of sounds created by day-to-day objects
were evaluated on 60 children (20 normal-hearing, 20 hearing aid users, & 20 cochlear
implant users), utilizing a standard group comparison design. Using a two-alternate
forced-choice technique, the children were required to select picturized sound sources
that were louder.
Results The majority of the participants obtained good scores and poorer scores
were mainly obtained by children using cochlear implants. The cochlear implant
users obtained significantly lower scores than the normal-hearing participants.
However, the scores were not significantly different between the normal-hearing
children and the hearing aid users as well as between the two groups with hearing
impairment.
Conclusion Thus, despite loudness being altered by listening devices, children using
non-linear hearing aids or cochlear implants are able to develop relative loudness
judgment for acoustic stimuli. However, loudness growth for electrical stimuli needs to
be studied.
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Thus, studies have demonstrated that normal hearing
children develop the ability to differentiate loudness at an
early age.

In individuals using hearing aids with compression, the
acoustic signals are modified such that the soft sounds are
made audible and the loud sounds are reduced to bewithin a
comfortable level.11 Musa-Shufani et al12 found that with
high compression ratios in hearing aids intensity differences
were difficult to perceive.

Variations in the loudness of a signal has also been
reported to be important for the perception of relative
distance.1,2 Strybel et al2 reported that adults with normal
hearing used loudness difference cues for the judgment of
relative distance only when the signals were far and not
when near. Ashmead et al1 also observed that adults with
normal hearingwere able to judge the relative distancewhen
sound pressure cueswere preserved, but had difficultywhen
these pressure cues were removed.

Similar to hearing aids, cochlear implants are also
reported to use compression while coding sounds in the
auditory system,13 which could impact the perception of
loudness. A wide acoustical input dynamic range of nearly
120 dB is known to be coded within the limited electrical
dynamic range of cochlear implants.14,15Hence, it is possible
that loudness perception may be affected in those using
cochlear implants.

Further, intensity coding through cochlear implants has
also found to be influenced by various features such as
the microphone sensitivity,16 channel-specific gain,17 and
adaptive dynamic range optimization.18,19 Loudness percep-
tion has also been found to be affected by the pulse
width and phase duration used in stimulating a cochlear
implant.14,20–22 Increasing the microphone sensitivity is
reported to increase the knee point and further result in
the representation of low level sound within the electrical
dynamic range.17,23,24 The input acoustic signals above this
knee point is reported to result in infinite compression.17 In
spite of increased perception of low level sounds with
increase in microphone sensitivity, James et al16 found
that Sprint cochlear implant users had poor preference for
high microphone sensitivity setting.

Loudness perception has been evaluated with the use of
adaptive dynamic range optimization (ADRO).18,25 Dawson
et al18 found that, with ADRO, environmental sounds were
heard more comfortably. However, James et al25 reported
that 31% of their participants showed no preference to
programs with or without ADRO.

Thus, from the review, it can be speculated that various
programming/mapping parameters in hearing aids/cochlear
implants are likely to affect loudness perception in users of
these hearing devices. The literature regarding relative loud-
ness judgement in children using listening device is relatively
sparse. It is hypothesized that loudness perception in indi-
viduals using digital hearing aids and cochlear implants
would be different compared with normal-hearing listeners.
Loudness growth perception is recommended to be mea-
sured when selecting listening devices.26–28However, it first
needs to be established whether children with congenital
hearing loss using listening devices are able to identify the
relative loudness of different environmental sounds like their
age-matched typically developing children. Hence, the pres-
ent study aimed to compare relative loudness judgment of
children using listening devices with that of age-matched
typically developing children.

Methods

Participants
A total of 60 children, in the age range of 6 to 14 years old,
were evaluated. Among them, 20 were typically developing
children, 20 used binaural digital hearing aids, and 20 wore
cochlear implants. Sample characterization is provided
in ►Table 1. The study was done using a standard group
comparison research design. The participants were selected
by the experimenters using purposive sampling. The clinical
group was selected from those who visited the diagnostic
center where the study was conducted. The typically devel-
oping children were recruited from schools in and around
the diagnostic center. It was ensured that those using listen-
ing devices had aided thresholds well within the speech
spectrum. All of the participants had normal IQ on the
‘Raven’s Progressive Colored Matrices’.29 The receptive
language age of all of the participants was at least 5 years
on the ‘Receptive and Expressive Emergent Language
Scale’.30 The demographic details of the hearing aid users
and the cochlear implant users are given in ►Table 2

and ►Table 3 respectively. Prior to evaluating the partici-
pants, informed consent was obtained from the caregivers in
accordance with the ethical guidance of the institute.31

The normal-hearing children had bilateral air and bone
conduction thresholds� 15 dB in the octave frequencies
250 Hz to 8 kHz and 250 Hz to 4 kHz, respectively. None of
themhad anyother significant history of speech and hearing,
otological or medical problems.

Table 1 Sample characterizations

Parameter Normal hearing children Haring aid users Cochlear implant users

Mean age (SD) 9.25 (2.23) 9.25 (1.51) 9.85 (2.95)

Number of males 9 13 12

Number of females 11 7 8

Total number of children 20 20 20

Abbreviation: SD, standard deviation.
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Table 2 Demographic details of the participants using hearing aids

Participant Age
(Years old)

Gender No. of Years hearing
aids were used

Aided thresholds (in dB)

Ear 500 Hz 1 kHz 2 kHz 4 kHz

1 11 Female 8 R 40 55 65 70

L 25 25 50 50

2 6 Male 4 R 25 30 35 40

L 20 30 30 35

3 9 Female 5 R 35 40 40 40

L 40 25 35 40

4 9 Male 4 R 25 30 25 30

L 25 30 30 35

5 9 Male 7 R 25 25 30 35

L 20 25 25 30

6 8 Female 7 R 30 35 40 40

L 35 35 30 35

7 11 Male 6 R 30 40 45 45

L 30 40 30 30

8 9 Male 7 R 30 30 35 40

L 30 30 40 50

9 11 Female 7 R 35 45 40 50

L 40 45 40 45

10 9 Female 5 R 25 25 35 50

L 30 30 35 45

11 8 Male 6 R 35 40 45 60

L 40 40 35 60

12 11 Male 7 R 30 25 30 25

L 35 35 40 35

13 12 Male 2 R 25 25 35 30

L 30 30 35 30

14 11 Male 8 R 30 25 25 30

L 25 25 25 20

15 9 Female 7 R 40 45 35 50

L 40 40 45 45

16 8 Male 2 R 40 40 40 50

L 40 40 45 55

17 10 Male 8 R 30 35 40 35

L 35 35 40 35

18 8 Male 6 R 30 25 45 50

L 45 30 40 55

19 7 Female 3 R 35 40 35 50

L 30 45 45 50

20 9 Male 8 R 40 30 30 45

L 25 30 30 40

Abbreviations: L, Left ear; R, Right ear.

International Archives of Otorhinolaryngology Vol. 25 No. 1/2021 © 2020. The Author(s).

Comparison of Relative Loudness Judgment in Children Tak et al.56



Ta
b
le

3
D
em

og
ra
ph

ic
de

ta
ils

of
ch

ild
re
n
us

in
g
co

ch
le
ar

im
pl
an

ts

Pa
rt
ic
ip
an

t
A
g
e

(Y
ea

rs
ol
d
)

G
en

d
er

N
o
.
of

Ye
ar
s
of

im
p
la
nt

u
se

A
id
ed

th
re
sh

o
ld
s

D
ev

ic
es

d
et
ai
ls

Ea
r

50
0

1k
2k

4k
Im

pl
an

t
Pr
o
ce

ss
or

C
o
d
in
g
St
ra
te
g
y

O
th
er

Se
tt
in
g
s

1
15

M
al
e

13
R

20
15

25
25

M
ed

El
So

na
ta

10
0

O
pu

s
2
Po

w
er

FS
P4

–

2
12

M
al
e

7
R

25
25

25
30

M
ed

El
So

na
ta

10
0

Te
m
po

þ
C
IS
þ

–

3
6

Fe
m
al
e

1
L

25
20

25
25

H
iF

oc
us

H
ir
es

90
K

N
ep

tu
ne

H
iR
es

O
pt
im

a
S

C
le
ar

V
oi
ce

M
ed

iu
m

4
6

M
al
e

4
R

40
30

45
40

H
iF

oc
us

H
ir
es

90
K

N
ep

tu
ne

H
iR
es

O
pt
im

a
S

–

5
11

M
al
e

1
R

35
35

35
35

H
iF

oc
us

H
ir
es

90
K

H
ar
m
on

y
H
iR
es

O
pt
im

a
S

C
le
ar

V
oi
ce

M
ed

iu
m

6
6

M
al
e

2
R

30
35

30
30

D
ig
is
on

ic
SP

Sa
ph

yr
SP

C
ry
st
al
is
X
D
P

Vo
ic
e
Tr
ac

k
Lo

w

7
8

Fe
m
al
e

3
R

25
30

30
30

D
ig
is
on

ic
SP

Sa
ph

yr
SP

C
ry
st
al
is
X
D
P

Vo
ic
e
Tr
ac

k
lo
w

8
14

M
al
e

7
L

25
30

30
25

Fr
ee

do
m

C
I2

4R
E

Fr
ee

do
m

A
C
E

A
D
RO

,A
SC

9
8

Fe
m
al
e

4
R

25
25

25
30

Fr
ee

do
m

C
I2

4R
E

C
P8

02
A
C
E

A
D
RO

,A
SC

10
11

M
al
e

6
R

20
25

25
25

Fr
ee

do
m

C
I2

4R
E

C
P8

10
A
C
E

A
D
RO

,A
SC

11
5

M
al
e

3
R

10
10

10
10

Fr
ee

do
m

C
I2

4R
E

C
P8

10
A
C
E

A
D
RO

,A
SC

12
13

Fe
m
al
e

2
R

20
20

20
25

Fr
ee

do
m

C
I2

4R
E

C
P8

02
A
C
E

A
D
RO

,A
SC

13
8

M
al
e

6
L

15
15

15
15

Fr
ee

do
m

C
I2

4R
E

Fr
ee

do
m

A
C
E

A
D
RO

14
13

Fe
m
al
e

7
L

25
20

25
20

N
uc

le
us

24
(R
)

Sp
ri
nt

A
C
E

A
D
RO

,A
SC

15
12

Fe
m
al
e

10
L

20
25

25
20

N
uc

le
us

24
(R
)

C
P8

10
A
C
E

A
D
RO

,A
SC

16
12

M
al
e

8
R

20
20

25
20

N
uc

le
us

24
(R
)

Sp
ri
nt

A
C
E

A
D
RO

17
7

Fe
m
al
e

4
L

20
20

15
10

N
uc

le
us

24
(R
)

C
P8

02
A
C
E

A
D
RO

,A
SC

18
10

M
al
e

5
R

25
25

25
30

Fr
ee

do
m

C
I2

4R
E

C
P8

02
A
C
E

A
D
RO

,A
SC

19
8

M
al
e

4
R

30
25

25
25

C
I4

22
C
P9

10
A
C
E

Sc
an

20
12

Fe
m
al
e

7
R

25
25

25
25

C
I5

12
C
P8

10
A
C
E

A
D
RO

,A
SC

A
b
br
ev

ia
ti
on

s:
A
C
E,
A
dv

an
ce

d
C
om

bi
na

ti
o
n
En

co
d
er
;A

D
RO

,A
da

pt
iv
e
D
yn

am
ic
R
an

g
e
O
pt
im

iz
at
io
n;

A
SC

,A
ut
o
Se

ns
it
iv
it
y
C
on

tr
ol
;C

IS
,C

on
ti
nu

o
us

In
te
rl
ea

ve
d
Sa

m
pl
in
g
;F
SP
,F
in
e
St
ru
ct
ur
e
Pr
oc

es
si
ng

;L
,L
ef
te

ar
;

R
,
R
ig
ht

ea
r.

International Archives of Otorhinolaryngology Vol. 25 No. 1/2021 © 2020. The Author(s).

Comparison of Relative Loudness Judgment in Children Tak et al. 57



Among the children using hearing aids, four had profound
hearing loss and one hadmoderate hearing loss. The remain-
ing had moderately-severe to severe hearing loss (mean
PTA¼ 74.79 dB HL; standard deviation [SD]¼ 13.15;
range¼ 43.33 to 103.33 dB HL). All but 2 had symmetrical
hearing loss, with the mean aided thresholds for 500 Hz,
1,000 Hz, 2,000 Hz and 4,000 Hz being 36.16 dB HL, SD being
6.78 and the range being 23.75 to 57.50 dB HL (►Table 2).
They used binaural digital behind-the-ear hearing aids. The
compression ratio used by all of the participants varied
from 1.6:1 to 3.2:1, based on the recommendation of
audiologists. The age at which the children started utilizing
their hearing aids ranged from 1 to 10 years old, with
the mean age being 3.45 years old. Although a few of
the children started using their hearing aids late, they
were able to develop a fairly high level of language due to
the degree of hearing loss being lower. The number of years
of use of the hearing aids ranged from 2 to 8 years. Only
participants who consistently used binaural hearing aids
were included in the study.

The children using cochlear implants wore their device in
one ear for aminimum of 1 year and had stablemaps. Among
them, 13 children also wore a behind-the-ear hearing aid in
the non-implanted ear. Themean aided threshold for 500 Hz,
1,000 Hz, 2,000 Hz and 4,000 Hz of the participants using
cochlear implants was 24.44 dB HL, with SD being 6.52 and
the range being 10 to 38 dB HL (►Table 3). Among those who
wore hearing aids in the nonimplanted ear, the mean aided
threshold for 500 Hz, 1,000 Hz, 2,000 Hz and 4,000 Hz was
58.83 dB HL with SD being 20.08 and the range being 37.5 to
101.25 dB HL. The cochlear implants worn by the partici-
pants varied. Among them 2 used Med-EL devices (Inns-
bruck, Tyrol, Austria), 3 used Advanced Bionics devices (Los
Angeles, California, USA), 2 used Neurelec devices (Vallauris,
France) and 13 used Cochlear Nucleus devices (Sydney, NSW,
Australia). The age at which children started using cochlear
implant ranged from 2 to 11 years old (mean¼ 4.65 years).
The number of years of use of the cochlear implant ranged
from1 to 13 years, with only 2 participants using their device
for 1 year.

Material
To evaluate relative loudness judgment, a test was developed.
The ‘Relative Loudness Judgment Test’ consisted of 30 sets of
stimuli, each consisting of two pictures depicting sounds
produced by common objects/situations (►Fig. 1). Initially,
38 of these pairs were developed and 10 normal-hearing
adults were required to judge whether the stimuli in each
pair produced distinctly different loudness. Based on their
responses, three pairs that were considered ambiguous were
excluded from the test. The remaining 35 stimulus pairswere
pictorially depicted, with each picture having a dimension
of 12� 10 cm. A total of 25 adults, who had not judged
the material earlier, were instructed to describe what
the pictures indicated as well as to judge whether the
objects/situations in each pictorial pair depicted distinctly
different loudness. These adults included parents of typically
developing children, parents of children with hearing
impairment, and speech and hearing professionals. As three
of the pictures were labeled as being ambiguous, they were
eliminated and the final ‘Relative Loudness Judgment Test’
contained 32 pairs of stimuli, of which 2 pairs served as
practice stimuli.

Further, the selected 30 pairs of test stimuli were catego-
rized as being ‘grossly different’ and ‘finely different’. This
categorization was based on the responses of 10 adult
participants. ‘Grossly different’ stimuli were those pairs of
stimuli that were considered to have distinctly different
loudness by at least 80% of the adults. The ‘finely different’
stimuli included pairs that were considered as having fine
difference in loudness by at least 80% of the participants and
pairs having no consensus as being gross or finely different.
From the responses of the participants, 17 stimulus pairs
were labeled as ‘Grossly different’ and 13 were considered to
be ‘Finely different’. Description of the test stimuli are
provided in ►Appendix A.

Instrument and Environment
To determine the hearing status of the participants, a Piano
diagnostic audiometer (Inventis, Padova, Italy) was used.
The absence of any middle ear pathology was confirmed

Fig. 1 Sample of a stimulus-pair used in the ‘Relative loudness judgment test’, with the figure in the left depicting the louder stimulus.
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with the help of a GSI Tympstar immittance audiometer
(Grason-Stadler, Eden Prairie, MN, USA). A HP Envy Laptop
(Intel Core i7) (Hewlett-Packard, Palo Alto, CA, USA),
loaded with the software ‘Paradigm’ (v2.5.0.68) designed
by Tagliaferri32 was used to test relative loudness judgment.

The audiological tests were performed in a sound-treated
suite thatmet the specification of ANSI/ASA S3.1–199933 The
loudness testing was performed in a distraction-free quiet
room.

Procedure
Those participantswhomet the participant selection criteria
were subjected to further evaluation. The children were
reported to use their prescribed hearing aids/cochlear
implants regularly in the settings recommended by qualified
audiologists.

All of the participants were tested with 32 pairs of
stimuli (2 practice and 30 test stimuli). The pairs of
stimuli were presented through the Paradigm software,
loaded in the laptop, kept at a distance of 0.5 m and at 0°
azimuth from the head of the participants. Pairs of pic-
tures were presented one after the other and the partic-
ipants were instructed to point or click on the picture that
depicted the louder sound. If a child could not use the
computer mouse, the examiner clicked on the selected
picture. Those who had difficulty with the practice items
were reinstructed and it was once again demonstrated
what they were expected to do. The time taken to evaluate
each child was � 10minutes and the testing was done in a
single session. The Paradigm software was programmed to
automatically assign a score of 1 for each correct response
and of 0 for each incorrect response. Thus, the maximum
possible score that could be obtained was 30. Test-retest
reliability was done on 10% of the participants, with
representation from all three groups.

Analyses
Descriptive and inferential statistics were conducted using
IBM SPSS Statistics for Windows. Version 21 (IBM Corp.,
Armonk, NY, USA). The Shapiro-Wilk test performed to
check the normality indicated that the data were not
normally distributed (p< 0.05), hence nonparametric sta-
tistics was done. Both descriptive and inferential statistics
were done.

Results

The results are provided to depict the comparison of the
relative loudness judgment between the participant groups
(normal-hearing children, children using hearing aids, and
children using cochlear implants). Additionally, comparison
of scores for the ‘grossly different’ and ‘finely different’
stimulus-pairs within each group as well as between the
three participant groups are given. The relationship between
the duration of experience with the listening device and
relative loudness judgment scores are also presented.

Comparison of Relative Loudness between the
Participant Groups
The means and SDs as well as medians and ranges of the
overall scores for the 30 test items are depicted for the 3
participant groups in►Table 4. It can be noted from the table
that the relative loudness judgment scores for all the partic-
ipants approximated themaximumpossible score. However,
the median scores obtained for the normal hearing children
was higher than that of thehearing aid users and the cochlear
implant users. The range was also found to be higher in the
clinical populationwhen comparedwith the normal-hearing
group.

The Kruskal-Wallis test of significance was conducted to
compare the ability of the three participant groups to judge
relative loudness. The results revealed that there was a
significant difference in the ability to judge relative loudness
between the three groups [H(2)¼ 7.29, p¼ 0.02]. Further-
more, to determinewhich of the pairs of groups differed from
each other, Mann-Whitney U tests were performed. The
ability to judge relative loudness did not significantly differ
between the normal-hearing listeners and the hearing
aid users [U¼ 139.00, p¼ 0.06, r¼ - 0.29] as well as between
children using hearing aids and children using cochlear
implants [U¼ 164.00, p¼ 0.29, r¼ - 0.17]. However, a signif-
icant difference was observed between the typically devel-
oping children and the children using cochlear implants
[U¼ 113.00, p¼ 0.01, r¼ - 0.42] (►Table 4).

Comparison of Grossly Different and Finely Different
Stimulus-pairs within each Group
Within each participant group, the relative loudness judg-
ment scores for stimuli that were categorized as ‘Grossly

Table 4 Comparison of normal hearing children, children using hearing aids and children using cochlear implants

Participant Groups n Mean# SD Median Range p-value�

Normal hearing 20 29.60 0.60 30.00 28 to 30 0.06

Hearing aid users 20 29.10 1.12 29.00 25 to 30

Normal hearing 20 29.60 0.60 30.00 28 to 30 0.008�

Cochlear implant users 20 28.35 2.00 29.00 22 to 30

Hearing aid users 20 29.10 1.12 29.00 25 to 30 0.29

Cochlear implant users 20 28.35 2.00 29.00 22 to 30

Abbreviations: n, number of participants; SD, standard deviation.
Note: # Maximum possible score¼ 30; �Mann-Whitney U test results with Bonferroni correction for 3 comparisons.
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different’were comparedwith stimuli that were categorized
as ‘Finely different’. As there were unequal numbers of
stimulus-pairs between the two categories (gross and
fine), the scores were converted into percentages. ►Table 5

represents themean, SD,median and range of the percentage
scores.

It was noted that in the normal-hearing children themean
percentage scores for the ‘Finely different’ category was
marginally poorer than for the ‘Grossly different’ category.
However, the ‘Finely different’ category tended to have more
variability than the ‘Grossly different’ category. Likewise, the
mean scores in the two groups with hearing impairment
differed marginally across the two levels of difficulty. On the
other hand, the variability between the two levels of diffi-
culty did not differ much in both groups of children with
hearing impairment.

Furthermore, to establish whether the scores were statisti-
cally different, a Wilcoxon signed rank test was done within
each group to compare the percentage scores between cate-
gories. It was noted that there was no significant difference
between the two categories within each group (►Table 5).

Comparison of Grossly and Finely Different Stimuli-
pairs between Participant Groups
The Kruskal-Wallis test of significance was conducted to
compare the relative loudness judgment scores across the
three participant groups for the stimuli categorized as ‘Grossly
different’ and ‘Finely different’. The results indicated that there
was a significant difference among the three groups for the
‘Grossly different’ stimuli [H(2)¼ 8.392, p¼ 0.015], but not for
the ‘Finely different’ stimuli [H(2)¼ 4.260, p¼ 0.119]. Since
there was a significant difference between the groups for the
‘Grossly different’ stimuli, further analysis was done and no
further analysis was done for the ‘Finely different’ stimuli.

Pair-wise comparisons of the groups using Mann-
Whitney U tests revealed that for the ‘Grossly different’
stimuli there was no significant difference between the
typically developing children and children using hearing
aids [U¼ 156.00, p¼ 0.242, r¼ - 0.234]. Also, there was no
significant difference in the judgment of relative loudness
between children using hearing aids and children using
cochlear implants [U¼ 148.500, p¼ 0.165, r¼ - 0.24]. How-
ever, there was a statistically significant difference between

the typically developing children and children using cochlear
implants [U¼ 108.00, p¼ 0.012, r¼ 0.449].

Relation between the Duration of Usage of Listening
Device and Relative Loudness Judgment
To study if a correlation exists between duration of useful
listeningexperiencewith thehearingdevices and the ability to
judge relative loudness, the Spearman correlation was done.
For the typically developing children, the hearing experience
was calculatedas theirchronological age.Withall threegroups
combined, no significant correlation was observed between
the duration of listening experience and the overall scores
obtained on the relative loudness judgment test [rs(58)¼ 0.22,
p> 0.05]. Similarly, the correlation remained poor for the
typically developing children [rs(18)¼ 0.12,p> 0.05], children
usinghearing aids [rs(18)¼ -0.28,p> 0.05], andchildrenusing
cochlear implants [rs(18)¼ 0.14, p> 0.05].

The correlation of years of experience with the listening
devices was also studied for the ‘Grossly different’ and the
‘Finely different’ stimuli for each group of participants
separately. For the ‘Grossly different’ stimuli, the correlation
was poor for the typically developing children [rs(18)¼ 0.294,
p> 0.05], children using hearing aids [rs(18)¼ 0.212, p> 0.05]
andchildrenusingcochlear implants [rs(18)¼ 0.253,p> 0.05].
Likewise, for the ‘Finely different’ stimuli, the correlation was
poor for the typically developing children [rs(18)¼ -0.119,
p> 0.05], children using hearing aids [rs(18)¼ -0.559,
p> 0.05] and children using cochlear implants [rs(18)¼ 0.077,
p> 0.05].

The responses of the 10% (n¼ 6) of the participants on
whom the ‘Relative loudness judgment test’ was repeated
were analyzed using Cronbach α. As the α value was 0.81, it
indicated that the test-retest reliability was high. Also, the
percentage of agreement between their responses was cal-
culated. It was found to range between 90% to 100%, indicat-
ing a good test-retest agreement.

Thus, thefindings of the study indicated that a statistically
significant difference in relative loudness judgment scores
was observed between the typically developing children and
the children using cochlear implants. However, no such
difference was obtained between the typically developing
children and those using hearing aids, as well as between
the two groups with hearing impairment. All of the three
participant groups demonstrated no significant difference in

Table 5 Comparison of percentage scores of ‘Grossly different’ and ‘Finely different’ stimulus-pairs within each group

Participant Groups Loudness difference of stimulus-pairs Mean % SD Median % Range p-value

Normal Hearing Grossly different 98.82 2.41 100 5.88 0.49

Finely different 98.46 4.02 100 15.38

Hearing
aid users

Grossly different 96.76 4.86 100 17.65 0.46

Finely different 96.53 4.65 100 15.38

Cochlear implant users Grossly different 93.82 6.74 94.11 23.53 0.62

Finely different 95.00 7.60 100 30.77

Abbreviation: SD, standard deviation.
Notes: �Wilcoxon signed rank tests, significance level¼ 0.05; r¼ effect size.
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perceiving the ‘Grossly different’ and ‘Finely different’ pairs
of stimuli. However, there was a statistically significant
difference when the scores of ‘grossly different’ stimuli
were compared between the typically developing children
and the children using cochlear implants. Furthermore, it
was noted that there was no correlation between the expe-
rience with the listening device and the loudness judgment
scores obtained.

Discussion

The results of the study are discussed with reference to the
comparison of the relative loudness judgment between the
participant groups (20 normal-hearing children, 20 children
using hearing aids, and 20 children using cochlear implants);
comparison of scores for the ‘Grossly different’ and ‘Finely
different’ stimuli pairs within each group, as well as between
the three participant groups; and the relationship between
the duration of experience with the listening device and
relative loudness judgment scores.

Comparison of Relative Loudness Judgment between
the Participant Groups
All of the three groups of children obtained fairly high scores
on the ‘Relative loudness judgment test’, there being no
statistically significant difference between the typically de-
veloping children and those using hearing aids. This indicates
that despite the hearing aids being non-linear and compress-
ing the acoustical signals, children using these devices aids
were able to perceive relative loudness like their normal-
hearing peers.

This finding in the present study is supported by Shi
et al,34 who found that adults using hearing aids were able
to perceive the loudness of environmental sounds. Also, it
was noted by Schmidt et al35 that children using hearing aids
could use the intensity cues to perceive emotions similar as
normal-hearing listeners.

Thus, it can be construed that non-linear hearing aids do
not hamper the perception of loudness of sounds. Children
using these devices are able to develop knowledge of the
relative loudness of different signals in the environment.
Hence, administering tests of loudness growth, as a part of
hearing aid selection/fitment, can be performed on those
who are at least 6 years old.

However, in the current study, children using cochlear
implants were found to have significantly poorer judgment
of relative loudness compared with the normal-hearing
children. A possible reason for the children using cochlear
implants having poorer relative loudness judgment could be
due to them having a higher differential limen for intensity.
Adults using cochlear implants have been reported earlier to
have a higher differential limen for intensity as compared
with normal-hearing individuals by Nikakhlagh et al.36 It is
possible that, like adults, children using cochlear implants
also have a higher difference limen for intensity.

Further, cochlear implants are known to have algorithms
that make soft sounds loud and loud sounds soft.37 The
majority of the children evaluated in the current study

used cochlear implants that utilized these algorithms. This
could have affected their loudness judgment abilities. How-
ever, all but one child using cochlear implants obtained
scores that were> 80%. This indicates that despite perform-
ing poorer than typically developing children, these children
also had fairly good relative loudness judgment abilities.

Comparison of ‘Grossly Different’ and ‘Finely
Different’ Stimuli-pairs within and between
Participant Groups
Within all three participant groups, no significant difference
was observed between the scores for ‘Grossly different’ and
‘Finely different’ stimuli. This indicates that children are able
to perceive relative loudness in a similar manner even if the
loudness of pairs of stimuli is not very different or is difficult
to judge. However, across the participant groups, a signifi-
cant difference was seen between the typically developing
children and the children using cochlear implants only for
the ‘Grossly different’ stimuli and not for the ‘Finely different’
stimuli. This could have happened as the variability in scores
for the ‘Grossly different’ stimuli were the least in the
typically developing children, but was relativelymuch higher
in the children using cochlear implants. This difference in
variability between the two groups could have resulted in
the significant difference for this category of stimuli. Thus,
although adults categorized some of the stimuli as being
grossly different and others as being finely different, all of
the children perceived them with equal ease. However,
the children using cochlear implants demonstrated varied
loudness judgment responses. On examination of the raw
data of the children using cochlear implants, it was observed
that that the children with poorer scores varied in terms
of the company/model that they used. Hence, the poorer
performance in a section of the children using cochlear
implants cannot be attributed to the features in the device
worn by them.

Relation between the Duration of Experience with the
Listening Device and Relative Loudness Judgment
The duration of hearing device usage was found to have no
significant effect on the relative loudness judgment ability of
children. This was seen in all three groups. It can be inferred
from the findings of the study that children using hearing
aids for just 2 years or children using cochlear implants for
just 1 year are able to make judgments about loudness of
stimuli in the environment.

Conclusions

The findings of the study revealed that childrenwith hearing
impairment using cochlear implants are not able to develop
the ability to judge relative loudness to the same extent as
typically developing children. However, children using non-
linear hearing aidswere able to respond similarly to typically
developing children. Despite the children with cochlear
implants performing poorer than the typically developing
children, they obtained fairly high scores indicating that they
did have the ability to judge relative loudness.
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Appendix A

Relative Loudness Judgment Test: Stimuli Description

Practice stimuli
1. Plastic spoon falling off a table versus Steel spoon
falling off a table
2. Soldier walking on road versus Soldier walking on
grass

Test stimuli
3. Door knock using knuckles versus Door bell ring
(Gross difference)
4. Currency note falling on a floor versus Coin falling on
a floor (Gross difference)
5. Blender / Mixer noise versus Fan noise (Gross
difference)
6. Steel tiffin box falling off a table versus Plastic tiffin
box falling off a table (Fine difference)
7. Beating drum versus Girl singing (Gross difference)
8. Man jumping on road versus Man walking on road
(Fine difference)
9. Key falling directly on a floor versus Key falling on a
carpet (Fine difference)
10. Ball of wool falling versus Football falling (Fine
difference)
11. Tumbler falling on sand versus Tumbler falling on
floor (Gross difference)
12. Writing with a pencil versus Sharpening a pencil
(Fine difference)
13. Fan noise versus Blowing whistle (Gross difference)
14. Pouring tea in a cup versus Filling bucket with
water (Fine difference)
15. Leaves falling off a tree versus Bird chirping (Fine
difference)
16. Baby crying versus Baby cooing (Gross difference)
17. Brushing teeth versus Combing hair (Fine
difference)
18. Dog barking versus Sheep bleating (Fine difference)
19. Steel glass falling on a bed versus Steel glass falling
off a bed on a floor (Gross difference)
20. Napkin falling off a bed versus Books falling off a
bed (Gross difference)
21. Girls whispering versus Child screaming (Gross
difference)
22. Bouncing a ball versus Rolling a ball (Fine
difference)
23. Coin falling off a table versus Eraser falling off a
table (Fine difference)
24. Rolling chapati versus Pressure cooker whistle
(Gross difference)
25. Baby laughing versus Baby crying (Fine difference)
26. Child playing with a toy car versus Child beating a
drum (Gross difference)
27. Lady walking barefooted versus Lady walking with
stilettos (Gross difference)
28. Falling cup on a floor versus Pouring tea in a cup
(Gross difference)

29. Water falling versus Water flowing (Fine
difference)
30. Ball falling on a floor versus Ball falling on grass
(Gross difference)
31. Plastic plate falling from a table versus Steel plate
falling from a table (Gross difference)
32. Rainwater falling on the roof of a house versus Rain
falling on a grass patch (Gross difference)
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