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ABSTRACT

VRA is a test that requires behavioral responses to sound stimuli. In general, the
behavioral response is to turn the child’s head to the sound source. This test is suitable for
children aged 6-24 months. Sound stimuli used in the test are transmitted via the speakers or
earphones encourage the child to respond by shifting his eyes or turning his head. When the
child responds to the stimuli, he/she is rewarded with an interesting visual display, such as a
lighted or animated toy.

The conventional method of VRA by the use of narrow band noise (NBN) and
warble tone for stimulation sometimes is not attractive and the response of the children occurs
in a short time. In this study, the researcher created the new tool which includes audio and
video signals together. Then the test results between the VRA using the new tool is compared
to the VRA using traditional tool in 38 normal hearing children, aged between 6-24 months.
Test results have shown that the response to sound stimuli by using the traditional and new
tool were not significantly different at frequency 500 Hz, 1000 Hz and 2000 Hz at p-value <
0.05. However, at 4000 Hz there was significant difference at p-value < 0.05. When
considering the number of head turns, the results showed that VRA with the new tool provided
greater responses, than the VRA with the traditional tool.

These findings suggested that this new tool can be used as an option for VRA
testing instead of the traditional tool, moreover, this new tool also helps to attract the child’s

longer attention during the test.
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CHAPTER |
INTRODUCTION

1.1 Background of study

The evaluation of hearing for young children is divided into physiologic
hearing tests and behavioral hearing tests. The physiologic hearing test procedures do
not require the participation of children. Physiologic hearing tests include acoustic
immittance measurement, otoacoustic emissions (OAE), and auditory brainstem
response (ABR).

Acoustic immittance measurement is a test that measures the function of
the Eardrum and middle ear, including acoustic stapedius reflex. This test measures
the energy flows, or the movement of air, from the outer ear to the eardrum, ossicles,
middle ear muscles, cochlea, cranial nerve 7-8, and the brainstem. The results of this
test suggest the pathology of the middle ear and the acoustic reflex thresholds [1].

OAEs determine the function of outer hair cells in the inner ear by
measuring the resonance transmission occurring from the inner ear to the middle ear
and outer ear, respectively. There are two types of OAEs including spontaneous OAEs
and evoked OAEs. Spontaneous OAEs do not require auditory stimulation during the
test, but evoked OAEs need auditory stimulation. Evoked OAEs include transient-
evoked otoacoustic emission (TEOAEs), distortion-product otoacoustic emission
(DPOAEs), and stimulus-frequency otoacoustic emission. These tests take less time
and are an effective method for the detection of hearing loss in very young children[2].

ABR are brain waves that occur when the ear is stimulated by an acoustic
signal. The stimulation can be clicks, tones and speech sounds. Electrodes can be
mounted around the skull at various positions, including the midline (anterior to
posterior center of the head), forehead, vertex, and earlobes in order to pick up neural
responses after the acoustic stimulation. A sedation may be needed in case natural

sleep is not possible [3].
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All of the methods above are not true hearing tests, though they provide
useful information about the middle ear, inner ear, and auditory brainstem functions,
respectively. ABR provides an estimation of hearing sensitivity, which is important for
determining the hearing levels in children. However, the tests that provide the true
hearing level are behavioral hearing tests. For behavioral hearing tests, an audiologist
needs to observe the child’s behaviors when the child responds to sounds. Three types
of behavioral hearing tests are: behavioral observation audiometry (BOA), visual
reinforcement audiometry (VRA), and conventional play audiometry (CPA) [4].

BOA is used by releasing the sound stimuli through the loudspeakers
without visual reinforcement during the test. The audiologist has to observe the child’s
behavioral response to the sound stimuli. The child’s behaviors include eye blinking,
arousal from sleep, eye widening, and body movement. A major advantage of the
BOA is the effective method for screening the hearing of the children in a limited
time. This is also a test that does not require special tools. The disadvantage of the
BOA is test bias, but this is difficult to estimate. The child might lose his/her attention,
or might respond in various ways to the stimuli. The tester must be experienced in
observing the behavior of children [5].BOA is appropriate for neonates and infants [6].

The VRA is suitable for children, from about six months old to two years
old. Sound stimuli are transmitted via the speakers or insert phones, encouraging the
child to respond by shifting his/her eyes or turning his/her head [7-8]. When the child
demonstrates the correct response, he/she is rewarded with an interesting visual
display, such as a lighted or animated toy. The results from VRA indicate the child’s
hearing level separately, in each ear. If there is asymmetrical hearing loss or unilateral
hearing loss, most of the children will localize to the better ear. However children with
unilateral hearing loss can localize to the sound source, but slower than normal hearing
children [5].

In older children, they may learn to be conditioned to responding to sound
stimuli by putting a toy in a box or assembling a jigsaw when they hear the sound.
During testing, the child will receive reinforcement, which may be visual (animated
light toys) or social (verbal praise or smiles) [9]. This test is suitable for children from
age 30 months to 5 years [10]. The behavioral hearing tests in young children seem to

be rather difficult, when compared with the hearing tests in adults due to of a child’s
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limitations in responding to acoustic signals. This is especially true in very young
children, as they may not understand the conditioning procedure. Children also might
not cooperate in hearing tests. Generally, the physiologic hearing tests are more often
the test of choice. They are preferred over behavioral hearing tests because they do not
require cooperation from the child. However, the results are limited because the value
IS just an estimation. It is well known that the gold-standard for hearing tests in
children are behavioral hearing tests because the test results are derived from the
responses of the children themselves. The results can be identified across frequencies
in each ear, which is very useful in performing hearing aids fittings. They are also a
guideline for describing aural rehabilitation activities.

In conventional play audiometry, children must cooperate with the test.
Children aged 6 months to 2 years are too young to cooperate with the CPA. They also
may not understand the conditioning of the test. This is why the VRA is recommended
for young children.

ASHA's guidelines suggest that the information from the VRA test should
be separated by each frequency in each ear via loud speakers, bone vibrator, or insert
earphones [11]. The conventional method of VRA, by using narrow band noise
(NBN), and warble tone for stimulation, is sometimes not attractive and the response
of the children occurs in a short amount of time. For these reasons, it will take more
time to diagnose hearing impairment in children [12-13]. Application of attractive
sounds, such as toys, animals, and environmental sounds, to stimulate the child during

the test, may provide better responses [14-15].

1.2 Statement of the problem

At present, there is some development of a sound stimulus, such as animal
sounds and toy sounds, by playing a recording on a compact disc. However, the
practical application of those sounds is inconvenient because the audiologist has to
control not only the audiometer, but also search for the selected sounds by operating
the CD player, and provide reinforcement during the test. In addition to developing a
sound stimulus that has come before, there is also developing reinforcements. For

many years, there has been a development of 3D animation used as reinforcement in
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the VRA testing. But there is a delay in providing a visual animation because of the
complexity of the computer system [16]. This delay in reinforcement is a problem.

In this study, the researcher intends to create a new tool, which includes
audio and video signals, together, which can be operated conveniently. Then, this
study intends to compare the efficacy of VRA by using traditional tools versus the new
tool, in normal children between ages of 6 months and 24 months.

1.3 Purpose of the study

1.3.1 Create a new visual reinforcement instrument, composing of a
variety of acoustic signals, corresponding to the frequency of sounds used for hearing
tests, including 500, 1000, 2000 and 4000 Hz.

1.3.2 Create a new animation reinforcement, corresponding to acoustic
signals.

1.3.3 Compare the minimal response level, using the traditional and new
tool.

1.3.4 Compare the number of head turns in children, using the traditional

tool and the new tool.

1.4 Research questions

1.4.1 Are the newly created sound stimuli appropriate for young children?

1.4.2 Can the newly created sound stimuli be used, instead of the original
stimuli?

1.4.3 Do the new instruments improve children’s attention spans during
the test?

1.4.4 1s there any difference in the number of head turns?



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Communication Disorders) / 5

1.5 Expected outcomes of the research
1.5.1 New acoustic stimuli are appropriate for young children.
1.5.2 New acoustic signals can be used, instead of the original stimulus.
1.5.3 The new instrument improves children’s attention spans during the
test.
1.5.4 The number of head turns using the new tool, are greater than the

number of head turns using conventional tool.

1.6 Organization of the study

This study is organized into six chapters. Chapter | is the introduction.
Chapter Il describes literature review and the previous research studies. The
methodology is described in detail in Chapter Ill. The results of this study are
summarized in Chapter IV. Chapter V is a discussion of the study results. The last

chapter, Chapter VI, is the conclusions.
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CHAPTER I
LITERATURE REVIEW

This chapter includes hearing development, developments of auditory

behavior response, and behavioral hearing tests in young children.

2.1 Hearing development (Embryology of the ear)

A child’s hearing system develops early, starting in the womb of the
mother, in the first month after fertilization. The stage of development is detailed in
several steps as follows: auditory system develops from the ectoderm of the embryo
surface in the head of otic placodes. Otic placode is the first step to develop into the
structures of the inner ear, including the cochleovestibular neurons which will develop
into cranial nerve eight in the future. The otic placode cell proliferations, then the edge
of the placode is moving closer together until it forms a bag, inside, filled with water.
At this stage, the otic placode becomes otic vesicle. The development of the embryo at

this stage occurs in the third week after fertilization.

Otic
Otic vesicle
placode

N

Otic cup
\ ydbrain
Mesoderm .
+
t Notochord

Migrating
neuroblasts

Vllith

Dorsal ganglion

Medial

Figure 2.1 The otic placode cell proliferation [17].
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During the fourth week after fertilization, neuroblasts will develop into the
first phase of the vestibulocochlear ganglion. At this stage, the otic vesicle develops
further, by increasing the number and the size of the cells which will develop into the
endolymphatic sac, utrical and saccule. During the fifth week of pregnancy, the otic
vesicle grows by expanding the tissue, which is opposite of the saccule. It becomes the
endolymphatic sac in the future. Subsequently, during weeks 5-7, the cochlea has
developed organ of corti. During this period, cochlear ganglion neuron begins contact
with hair cells. When entering week 7, the growth of otic vesicle begins to develop a
semicircular canal, first with anterior and posterior semicircular ducts, then followed
by a lateral semicircular duct. Strial cell in the organ of corti begin to develop during
the 9™ week of pregnancy.

otocyst CN VI

sk R

hindbrain

amniotic sac

midbrain

otocyst ‘
pharyngeal arch 1
antarior cardinal wain

Stage 13 Embryo
[week 5, 28-32 days, 30 somite pairs)

Figure 2.2 The growth of an embryo development during the 5 week [18].

Three types of strial cells, including marginal, intermediate and basal cells, are formed
completely in the 12" week. After week 19, stria vascularis are developed with the
same structure as adults. Ossification of the bony labyrinth occurs during weeks 16-24
of pregnancy, and cochleae are fully developed, until the size of an adult, at 16-17
weeks gestation. The auditory function will start after the completion of the hearing

system, at the age of 20 weeks gestation [19].
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Middle ear and outer ear develop from pharyngeal arches 1 and 2.
Eustachian tube develops from the first pharyngeal pouch with the most significant
growth in the last 16-28 weeks. During the prenatal period, the middle ear cannot work
as usual because it is filled with amniotic fluid. Therefore, the sound must go through
the bone to the cochlea. Basic components of the outer ear are complete at the end of
th 8™ week of pregnancy. The outer ear will grow to the same size as an adult when
the child is 9 years old [19-20].

Mesenchymal condensation
(otic capsule)

Ist Pharyngeal
cleft (groove)

&— Notochord
Dorsal aorta

Tubotympanic recess
(1st pharyngeal pouch)

WEEK 7

Malleus Cartilage of otic capsule ¢

Otic vesicle epithelium

. Otic capsule
Ext. auditory
meatus Incus

Stapes

—

\
i Condensations

“N‘I-ea-lal plué s
3 MONTHS
¥ 2 MONTHS

Primitive tympanic cavity Malleus condensations

Malleus Incus Ligaments

Incus

Perilymphatic space
Oval window - st

Malleus ~=

Stapes 2 Oval window

; B Tympanic cavit;
Eardrum yme ¥
(tympanic membrane)

\x Entoderm X
Middle ear (tympanic) CUstachian tube %‘

2 Mesoderm
cavity Mandibular process

Petrous bone

4-5 MONTHS
6 MONTHS
1st Branchial

{pharyngeal) groove Eustachian (tympanic) tube

Hyoid arch

@7\-
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Tragus 1— B Ext. acoustic meatus

5 Antitragus

\ﬂb‘ 13.4 mm 1 ’: 6 ADULT bZtobulc

Auricular hillocks

Figure 2.3 The external ear and middle ear development [21].



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Communication Disorders) / 9

2.2 Development of auditory behavioral response

Behavioral responses to sounds in children can be divided into reflexive
behavior and attentive behavior. Reflexive behavior is a behavioral response that
occurs without any control from the brain. It consists of a jerk of the arms or legs, a
startle, auropalpebral reflexes, and a twitching face. Attentive behavior is intended
behavioral response. These include changes in respiratory rate, vocalization, stopping
vocalization, crying, eyes widening, head turning to the sound source, and changing
facial expressions. The most common attentive response to the sound stimuli is to turn
the head to the sound source. Children aged 0-6 months will require a rather loud
sound to encourage a response. Behavioral responses that are seen in children of this
age include arousal from sleep, eye-blinking immediately after hearing the sound

stimuli, or a slight shudder.

e e
| e B
“x:__ﬁ/ \J

Figure 2.4 Newborn arousal from sleep

Figure 2.5 3-4 Months: Rudimentary head turn

When children aged 4-7 months recognize their mother’s voice, the response may be
to stop crying, or stop playing and start listening. Children in this age range begin to
turn toward the sound source, with the decreased volume of activation compared to the

previous 4 months. There is greater development in the ability to coordinate muscular
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action at this age. This results in a head turn to a sound source in the lateral plane with
wobbly style, with a degree in turn of less than 90 degrees. At age of 6 months, the
child can have better muscle control, thus turning his/her head to localize to sounds
much better, but he/she still is unable to turn his/her head at a higher or lower level.
Children at this age can turn to the sound field, where the sound stimuli are either

speech or narrow band noise.

Figure 2.6 4-7 months: Localization to side only

When entering the age of 7-9 months, children can turn their heads to the sound source
at below eye level, but the nature of this turn is to the lateral plane and then down at

the sound source. This behavior is called indirect fixation of the sound source.

Figure 2.7 7-9 months: Localizes to side and directly below

Children aged 9-13 months is a period when they begin to recognize their own names
and hearing tests are often used to call the child’s name. At the age of 13 months, the
child is able to turn his/her heads to the indirect fixation in response to signals that are
presented above the eye level. Moreover, children at this age have a lot of attention to

sounds in the environment, resulting in a quick and clear response.
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Figure 2.9 13-16 months: Localizes to side, below, and indirectly above

The ability to find the direction of the sound is completely developed when children
are aged 13-24 months. During 18 months of age, the child recognizes simple words.
The hearing tests at this age are often used to ask simple questions such as “Where is
the doll?” or “Where is daddy?” When the child is 24 months, he can respond to
sounds by following the simple instructions such as picking up a toy when the child

hears the command [22].

Figure 2.10 16-21 months: Localizes directly all signals to side, below and above
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Figure 2.11 21-24 months: Locates directly a sound at any angle

2.3 Behavioral hearing test in young children

For determining the level of hearing in children, especially in children
aged 6-24 months, behavioral hearing tests are the gold standard for hearing tests in
this group [23]. Behavioral hearing tests can be divided into two categories: the kind
that requires reinforcement during the test, and the kind that does not require
reinforcement during the test [24]. BOA is a test without reinforcement. A feature that
requires reinforcement during the test to help children achieve a greater response is
called a conditioned audiometry, which includes VRA and CPA. BOA is a method of
testing children aged 6-12 months. It is typically a test by presenting sound stimuli to
the child while the child falls asleep, and then observes the change in the response.
VRA is used to present the sound stimuli to the child, then observes the child’s
response to the sound. The response is typically a head turn to the sound source. The
child will then receive a visual reward. In CPA, children will be conditioned to hear
the sound stimuli. When the child hears the sound, he/she will respond to the sound
through playing, for example, puzzles, or adding a toy to the cart or plastic box.
However, because the child in this age range does not yet understand conditioning,

and might be unable to cooperate during the test, the VRA is recommended.

2.3.1 Visual reinforcement audiometry

The main goal of the hearing test in children is to estimate the level of
hearing in children, especially in the frequency range of speech (500-4000 Hz).
Therefore, VRA is an effective method to test hearing in children aged 6 months — 2

years. ASHA has recommended VRA test as the first method for testing in children
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aged 6-24 months, and then continue with tympanometry, acoustic reflex, OAEs and
ABR [11]. But for those children who are born prematurely or mentally not developed
properly, VRA will be tested in children with the corrected age of 8 months, and in
children with a mental age of 6 months [25]. The VRA was first introduced by Liden
and Kankunenin in 1969. It has the same basis as the conditioned orientation reflex
(COR), which was first found by Suzuki and Ogiba in 1961. Coherence between
sound and vision will cause orientation reflex. If the child has seen the pictures, which
are interesting enough, and can be linked to the relationship between the sound and
visual stimulus, and they understand the conditioning, then the child will be willing to
listen, to see the visual of interest. The pattern that occurs is called the conditioned
orientation reflex, which is the basis of the VRA. The VRA procedures consist of
conditioning, while presenting visual reinforcement to the correct response to the
auditory stimuli [26]. An important aspect of the process is to observe the behavioral
response to a sound with a specific frequency associated with visual reinforcement
[27]. This test can be separated in each ear, and to test the response to the sound
stimuli by applying several transducers. The VRA can be divided into two ways,
depending on the transducer being used, which can be summarized as follows, the
sound field VRA and the closed circuit VRA [28]. But the VRA by using sound field
will essentially be described here.

In general, the system of sound field VRA often requires two testers.
Testerl (T1) controls the audiometer and monitors a child’s behavioral response from
the outside of the examination room. Tester2 (T2) will be in the examination room
with the child in order to control the situation and control the child’s attention during
the test. T2 will introduce and explain the appropriate position of the parent and child.
If the child is older than 1 year, T2 can have a child sit alone on a small chair, instead
of sitting in parent’s lap. They may find suitable toys for he/she to play, to draw the
child’s attention during the examination. After that, T2 explains the procedure and
practices of the examination to the parent, and at the same time T1 and T2 will
observe the child’s behavior. During this same period, T2 may interact with a smile to
a child, including talking to, or playing with, the child. Trial conditioning can be done
two ways. First, begin with T1 presenting the sound stimuli (1 kHz ) with an intensity

above threshold and visual reinforcement at the same time. If the child does not turn to
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the sound source to look at the visual reinforcement, T2 can draw the child’s attention
to the visual reinforcer. Method 2 can be done by monitoring the head turn of the child
to the sound source. If the child can turn his/her head to the sound source correctly, T1
will present reinforcement to the child [29]. Later, when the child understands the
conditions, T1 tests again by presenting sound stimuli to the child, which takes about
2-3 seconds. When the child hears and turns his/her head toward the sound source, T1
gives a visual reinforcement for approximately 1-2 seconds to the child as a reward
[12]. The duration of the acoustic stimuli presented in VRA testing affects the child’s
response differently. A study by Culpepper in 1990 shows that if the signal is only
present for a shot time (0.5 second), habituation was slower than if the signal is
present for long time (4.0 seconds) [30]. In 1959, Carhaart and Jerger also
recommended using the signal for VRA testing, presenting only a brief period of time,
about 1-2 seconds, as well as the duration of acoustic signal present for the hearing test
in adults [31]. In addition, from the study of Culpepper and Thompson in 1994 shows
that the period of the reinforcement between 1.5-4 s does not make the results of
habituation in children are different [32]. VRA testing sometimes needs only one
tester, because if the T2 sits with the child in the examination room, it may make
testing difficult because some children may pay too much attention to T2 or feel
embarrassed. This results in children that do not listen to the sounds during testing.

Test room setup

The room used for testing VRA should be large enough for a sound field,
reinforcement, parents, and children, all together. According to the BSA in 2008, the
room used for testing should be at least 4x6 m. The room should have a proper
ventilation system, which will help your child feel comfortable during the test. In the
examination room, there should be a distracter placed in front of the child. This helps
attract the attention of the children, with proper position, in case the test has only one
tester. Baskets of toys should be covered with fabric to help reduce the noise caused
by the child’s play toys [33].
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Transducers

There are many kinds of transducers used in the VRA. If it is a closed
circuit VRA, earphones, insert earphones or bone vibrators can be used depending on
the nature and disorders that occur with children. In the sound field VRA, transducers
will be changed to loud speakers. The position of the loud speakers used in the VRA
can be 45°, 60 ° or °90° (not be less than 45°%), when measured from the center of the
front. But the most popular position is at the angle of 90 degrees because the child’s
response can be clearly observed and this allows the child to hear the sound intensity

level (dBSPL) equal to the intensity level that coming from loud speakers [33-35].

Soundproof room i

Distracter

Loud speaker

0

Audiometer ‘
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)
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Observation room

Figure 2.12 The loud speakers setting at 0° in VRA testing
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Figure 2.13 The loud speakers setting at 45° in VRA testing.
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Figure 2.14 The loud speakers setting at 60° in VRA testing.
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Figure 2.15 The loud speakers setting at 90° in VRA testing.

Table 2.1 Compare the advantages and disadvantages of various speakers

Position of
loud speakers Advantages Disadvantages
Imitation of one to one
communication, The child does Audiologists need some
0° not need to make a head turn to experience and attempt to
the sound source. It is just a observe the child’s behavior.
change of behavior when he/she
hears the sound. Consume only
one loud speaker.
The child’s response becomes Require two loud speakers
45° more definite when compare to The child’s react only visual
0° response without head turning
Same as the position of 45° Same as the position of 45°
60°
Head turning to the sound source | Not appropriate for children who
90° can be observed most clearly have additional handicaps




Jiraphat Seesangnom Literature Review / 18

Test stimuli

In theory, the auditory stimuli used to determine a child’s hearing can be a
pure tone, which is the same as in adults. In 1978, Wilson and Moore studied by using
VRA testing in young children and adults using the presence of pure tone frequency
500Hz, 2000Hz, and 4000Hz through the loud speakers. They found that the test
results were not significantly different [36]. But it was found that a problem occurred
when using a pure tone for a sound stimuli. That means, the child would hear a sound
stimuli softer than usual due to the sound field acoustic [29]. However, the audiologist
would select the appropriate sound stimuli that had been modified, by adding a bit of
interest into a pure tone, such as a pulsing or a warbling. In addition, speech signals
and NBN are other signals of choice. Among the 3 types (pure tone, NBN, warble
tone) of sound used for VRA testing, it was found that the NBN is a sound that
children were most interested in, and responsive to, compared to the warble tone and
pure tones [37]. The results obtained from the use of the NBN as sound stimuli may
help understand the frequencies characteristic of hearing loss [38]. Speech signals are
useful in confirming the consistency of previous results, and sometimes it is used as an
initial stimulus for VRA testing because the children are familiar and it helps attract
the attention of children as well.

Typically, warble tone, narrow band noise and speech signal were used in
VRA, but in recent years there has been a study of the use of other sounds in VRA.
Vieira et al. (2007) conducted a study on the Minimum Response Levels (MRL)
through the use of VRA in 50 normal hearing children and in 25 children with hearing
loss. The sound stimuli were different. It was found that when using the Sonar system
MRL value at frequency 500 Hz. and 2000 Hz., it decreased in normal hearing males.
MRL value of sonar system is less than modulated tone with a statistically significant
difference when tested in children with normal hearing, who were younger than 2
years old. It also found that the MRL of sonar system and modulated tone were
decreased when the child grows up [39].

Studies have shown that the children were more likely to respond to the
complex stimuli, rather than responding to a pure tone. For example Moore and
Thompson in 1975 studied the correct head- turn as a function of reinforcement

conditions. They found that the mean number of correct head-turns was greater in
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complex reinforcement than simple reinforcement [40]. Morgan also studied the
response to the sound stimuli of children in VRA testing between the use of speech
noise and 2000 Hz warble tone for sound stimuli. The results show that using speech
noise as an acoustic stimulation allows the training process to be accomplished more
quickly, and more threshold of the hearing, which is more accurate [41]. Better
responses to sounds in children tend to increase with age. Bench et al. (1997)
explained that children younger than 6 months, and 6 months old infants, did not
respond to tonal stimuli. However, younger infants showed better response to broad-

spectrum noise than 6 month old infants did with speech stimuli [42].

Test sequence

Determining the MRL for VRA testing will begin at either 500 Hz or 2000
Hz. Choosing the initial frequency for testing is determined by the nature of the child’s
problem, whether they have conductive hearing loss (CHL) or sensorineural hearing
loss (SNHL). If a child has a cold or a problem in the middle ear, the audiologist will
start experimenting with the frequency at 2000 Hz, and then go to test at the frequency
500 Hz, because patients with CHL will hear better at higher frequencies. In the case
of children with SNHL, the audiologist will begin testing at the frequency 500 Hz, and
then go test at the frequency 2000 Hz, because patients with SNHL will hear better at

lower frequencies [43].

Distracters

In VRA testing, some toys can be used as distracters, which attract the
child’s attention to the front. This allows clearer observations of the child’s head
turns. Toys that can be used should be simple, not noisy or distracting. They must not
distract the children so much that they do not turn their head to the sound source.
Example toys that can be used as a distracter are magnetic boards, puppets or blocks of

form that can be connected to each other [44].
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The child’s response

The responses of children during the VRA reflect that children hear the
sound, and then turn their heads to localize the sound source correctly [45]. But the
essence of the VRA is the observation of the child’s behavioral response to the sound.
These responses include getting goggle eyes, vocalization, stopping to listen, or
changing their facial expressions [29]. According to a study by Schmida et al in 2013,
to consider the behavior as a response to sound stimuli, the child must turn their head

to the sound source within 4 seconds of the stimulus presentation [46].

Reinforcement

There are many types of reinforcement. The selection of equipment
depends on the needs of the tester, and the budget. Some clinics use flashing colored
lights. Some use a doll that can open or close its eyelids. Others use a box with a light
that shows what it is inside it when it lights up. But the most common and often used
toy is one that is lighted and animated. Moreover, in 1977, Moore, Wilson and
Thompson summarized the results of their study. Regarding the reinforcement used in
VRA, lighted and animated toys are appropriate for children aged 5 months and up.
Some clinics will randomly choose many kinds of toys as a reinforcement to help
attract the child’s attention better [47-48]. Although the toy with lights and movement
are interesting enough for most children, they may not be suitable for some children,
such as children with Down’s syndrome, or children who are visually impaired.
Therefore, this group requires a change in visual reinforcement. One that may be used
is a video image display on the LCD, which can be adjusted.

Different kinds of visual reinforcement affect the interests of the child
during the test. Kelly Clarke studied in 2006 by comparing the use of toy and video
reinforcement to motivate a child. The subjects were 85 children with an age range
between 16 and 24 months. The researcher measured the number of threshold
estimation on different kinds of reinforcements. The result showed that the average
response on the video reinforcer was 3.4, and was 5.4 for the toy. No statistically
significant difference in relationship between the numbers of responses, age groups, or
the gender of the participants. The responses of children with hearing loss decreased

when compared with the responses of normal children. They also found that when the
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level of hearing loss increased, the children’s responses declined [49]. Lowery et al.
(2009) compared the use of animated toys and videos in VRA, they found that there
were no significant differences between the video (VVRA) and conventional
reinforcement (CVRA) for the total number of head turns, the hit rate (correct head
turns), the false alarm rate (incorrect head turns), or sensitivities. Overall results
showed no difference between the two reinforcement conditions in infants 7-16
months of age. The results of this study suggested that infants 7-16 months responded
similarly to VVRA and CVRA as measured by response consistency, false alarm rate,
and overall test sensitivity. They concluded that video visual reinforcement
audiometry an alternative for testing hearing in children [50]. When Schmida et al in
2003 studied children aged 19-24 months, the results showed that the average number
of head turns for video visual reinforcement audiometry is greater than conventional
visual reinforcement audiometry. (15.2 for video reinforcement and 10.8 for
conventional reinforcement)

Karzon and Banerjee in 2010 studied the effectiveness of using animated
toys versus video reinforcement in children, with an age range between 16-24 months
in visual reinforcement audiometry. Participants in this study were 137 of 145
children. The aim of this study was to evaluate whether animated toys or video
reinforcement affected the number of estimated thresholds. They found the significant
higher thresholds with animated toys (M= 5.52 thresholds) than with video. (M= 3.47
thresholds) The results were consistent with findings by Zimmerman, Christakis, and
Meltzoff in 2007. They found that 90% of children aged 24 months watched the
television an average of 1.5 hours per day. For this reason, the children in this study
were more familiar with 2D animation rather than animated toys, resulting in the
lowering of threshold estimation [51].

The use of a new and different reinforcement, versus a traditional one,
helped children pay more attention during the test. This mirrors a previous study by
Thompson, Thompson and McCall in 1992, which concluded that using a novel
reinforcement makes children, age range 1-2 years, pay more attention during the test
and make habituation slower. Children aged 2 years achieved habituation faster than 1
year old children [52]. Primus and Thomson found in 1985 that after the children
under the age of 2 years had achieved habituation from the first VRA test, testing the
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VRA again using the same reinforcement increased an average of only 2.8 times. But
if the change is a new type of reinforcement, this will contribute to the response of the
children increasing by an average of 12.8 times [53]. In 1977 More et al. studied the
responses of children aged 12-18 months to sound stimuli. The children were VRA
tested using different reinforcements. The types of reinforcement used in this study
consisted of an animated toy, a flashing light, social reinforcement, and no
reinforcement. The study found that reinforcements that made the most responses were
animated toys with minor flashing lights, social reinforcement, and no reinforcement
respectively [54].

Recently, there have been new kinds of visual reinforcement. They are
pictures and cartoon movies, which are displayed through an LCD monitor. The
responses of children to be taken into account in determining the MRL were the
children’s head turn. It also included behavioral response that could be easily seen,
such as goggle-eyes or crying. The child’s response during the VRA testing, which
uses a picture or a cartoon movie as a reinforcement showed that the numbers of
responses were equal to or greater than the numbers of responses when using
conventional reinforcement [8]. In addition, the results above were consistent with the
study of the Wener and Kopyar in 1994 which found that children aged between 2-12
months took a look at the video reinforcement longer than the animated toy

reinforcement [55].

Determination of MRL

MRL is the lightest volume of sound that children respond to. But at this
level, it may not be the lightest volume that the children heard (that’s the threshold of
hearing). Assessment of the MRL value can be used with the same approach to find
the threshold in the routine audiometry by presenting sound stimuli at supra threshold
level, which can be changed depending on individual characteristics. Subsequently,
the volume presentation is decreased, 10dB descending at a time until the child does
not respond. Then it is presented in an ascending increment of 5 dB [56-57]. The
number of responses considered to be the MRL when the child can detect sounds at
least 50% of the time. However, evaluating the MRL value may not be as stringent.

Steps to finding the threshold for the routine audiometry include making adjustments
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as appropriate for each child [58]. MRL values obtained from the VRA testing are
higher in younger children compared to older children. It was also found that the MRL
value is higher when using a pure tone as a sound stimulus, when compared to the

noise and speech stimuli [59].
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CHAPTER I
MATERIALS AND METHODS

The purpose of this study was to create a set of new tools which include
audio and video signals, together, for convenient operation and to enhance the interests
of the children during the test. VRA, across frequencies, between the traditional and
new methods, were compared. The analysis of mean and standard deviation was
applied to calculate the minimal response level, and the numbers of correct head turns
between NBN stimuli (500-4000 Hz.) and the new stimuli. A comparison was done of
the median of minimal response level values and the number of correct head turns

between two stimuli, by Wilcoxon signed ranks test.

3.1 Subjects

The number of samples size used in this study was calculated by using a

formula
(Zg +2g ) :
— 2 2z
& gy fference®
where:

N = sample size, o = standard deviation of the within-pair difference, Difference =
clinically meaningful difference, Zg = corresponds to power (0.84 = 80% power)

Z= = corresponds to two-tailed significance level (1.96 for & = 0.05), ¢ = 11.351,

i
Z

Difference = 5 (20% of the average 26.71) [60].

R R

N =114 222

The result of the calculation was N = 38
Subjects in this study were 38 children, aged between 6-24 months, from
the Audiology Clinic, in the Department of Communication Sciences and Disorders

and preschool day care, Faculty of Medicine, Ramathibodi Hospital Mahidol
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University. All the subjects had normal hearing (normal TEOAEs both ears, just heard
level <25 dB both ears) without any medical problems. The data collection was done
after being approved by the Human Research Ethics Committee. Parents signed

consent forms to participate in the research.

3.2 Research material

3.2.1 Process of creating a new tool
3.2.1.1 Select the environmental or animal sounds which are
familiar to children aged 6-24 months, and then analyze those sounds by using a
computer program (Cool editor pro), and choose the sounds with peak frequency close
to 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz. (2 acoustic signals for each frequency)
Then, set the volume of the acoustic signals that have been selected to every sounds to

an equal volume.

2 Fog a3 ol o c BiWS

Fle it Uiew Fecs Gaeate Ande Fawites Optiors Wincou ep

[RFRP FERRAEE]

Payng L-838@ 0043 L0+ Bbtastewo | 118K | 45EB e

Fig. 3.1 Cool editor proprogram  Fig. 3.2 The frequency analysis in the

cool editor pro program
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3.2.1.2 Create a new animation reinforcement, corresponding
to acoustic signals by using a computer program. (Flash)

3.2.1.3 Download free software (Adobe Flash CS3
Professional) from the Internet, and install the program into the computer, which
works by using window 7

3.2.1.4 Drawing cartoon characters used in this study, which is
the thunderclap, cow, rain, barking dog, duck, frog, birds and cat.

3.2.1.5 Scan comics, drawn earlier, into the computer.

3.2.1.6 Open the flash program, and then take a picture from
the library onto the stage.

3.2.1.7 Use the zoom tool to enlarge the pictures for easy
customization and editing.

3.2.1.8 Use the line tool to select the color used to draw the
line.

3.2.1.9 Use the select tool curve along the curved lines of a
scanned image.

3.2.1.10 When the drawing has been completed using the flash
program, the next step is to paint it.

3.2.1.11 After the cartoon is drawn, the next step is to make it

an animated cartoon, which is started by a click on actionscript 2.0

e Do e

e

n General | Templates I
Type: Description:

.. Flash File (ActionScript 3.0) Create a new Flash document (®.fla) in l::\; Flash Document
" orSer i window. The Publish Settings will be set ActionScript
“ Flash Flle (Acth ot 2.0) 3.0. Use Flash documents to set up the media and structure

ﬁ Flash File (Mobie) for Flash movies and applications.
ﬁ Flash Slide Presentation

ﬁ Flash Form Application

=71 ActionScript File

T ActionScript Communication File

"= Flash JavaScript Fie

=9 Flash Project

Fig. 3.3 Choosing the actionscript 2.0 of the flash program
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3.2.1.12 When the actionscript 2.0 is opened, click to select

framel and download the cartoon image to framel.

|| Untitled1* |

JUntitIEd-li | T T o/

Ml:l 5l i e danas e

£ Scene 1

Tlyerl 7+ ¢ B

140§ If Bl 1 Rfs -

EE‘ ﬁScenel

Fig. 3.4 Download picture already drawn into the frame 1

3.2.1.13 Click in Frame 15, and then click on F6, and then

continue moving the cartoon picture to the other side of the page

File Edit View Insert Mod Tet Commands Control Debug Window Help

-8X

| Untitled-1+ |
o4l s 0 D T W I A A B BB B0 B T T R S 50 08 MO 0 D | color x | swatches | 8
A 3 g om sl v]
L] oy
153 g4ad b mo W[ 15 12008 12 ¢ m » -
e fd= - Mscenet Workspacev  fa_ . 100% - o
4 - G 255 [v] ‘
i s B0 v
T s i Apha: 100% [v]  200FF00
£
&, .
- [S—
s 1
[ | Uibrary x | s
[untited-1 BER ]
)
2 Empty lorary
2 £
™

Fig. 3.5 Making motion pictures

3.2.1.14 Animation can be made more smoothly by clicking a
frame between frames 1 to frame 15. Select any frame, and then click the right mouse

button, and select create shape tween
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= @ [ 5 U 10 15 20 25 30 35 40 45 50 55
ErTTeeEEE.
Create Motion Tween
- Create Shape Tween
Bl @ f mE
EIE £ Scene 1 Insert Frame

Remowve Frames

Insert Keyframe

Insert Blank Keyframe

Clear Keyframe

Convert to Keyframes
Convert to Blank Keyframes

Fig. 3.6 Making animation more smoothly

3.2.1.15 Create the computer application by running the
android operating system that combines audio and visual commands together.

3.2.1.16 To create the application, start by creating an android
emulator to simulate the operating android used in tablets called android virtual device
(AVD).

3.2.1.17 Download free software (Eclipse) from the Internet,

and then install the program into the computer to be used for building the application.

"ackage Solutions

Eclipse Standard 4.4 -

: Downloaded 2,870,556 Times Other Downloads 3 Windows 32 Bit
Standard Eclipse package suited for Java and plug-in develapment plus 7 Windows 64 Bit
adding new plugins; already includes Git, Marketplace Client, source code
and...

Fig. 3.7 Eclipse program for free download
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3.2.1.18 Open the eclipse program, then create a new AVD
manager for building application.
3.2.1.19 Open the emulator that is created, and then create a

new project by naming this new project the hearing test app.

Java B - Bilipsa YT & Create new Android Virtual Device (AVD) ﬁ
Bl Refulir P Mgl S Do Whichow el i
Ll e PrOeQr [Orgr | dE4r @ 2 o Target: v‘
Pt Exphover ) “0 i & BTl "B couagk
I
'r S Card:
----- i B L vl ® Size: B v
File: Browse.
Snapshot:
[ Enabled
Skin:
® Built-in:
Resolution: t
Hardware:
Property Value m
Delet
L Markers 1) T Propeeties 48 Senwers | B Kivta Sourme Euplarer, L3 Snippets
e
Desdiptien e Pl Ll Tipe
Override the existing AVD with the same name
Create AVD Cancel

Fig. 3.8 First page of eclipse program Fig. 3.9 AVD screenshot

3.2.1.20 Make the front page of the application form by editing

code XML in file name activity main.xml or editing from the graphic layout icon.
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1] MyMatrixjava [7] Story.java ql activity_mainaxml &3
4 Palette
- - ¥ w b
5 Palette default ‘ (0 Nexus One = ¥ 2
=" Form Widgets =116 v
Tewview Large Medium -
=t Bulton  Smal '|@

OFF + CheckBox

c_m.oeumn E Q HB||OMyAndr0|d

Checked TextView
Spinner

—

() Text Felds

[ Layouts

) Composite

(] Images & Media

|_) Time & Date

|| Transitions

) Advanced

Custom & Library Views

Hello world!

T Graphical Layout | [E] activity_main.xml

Fig. 3.10 Activity main.xml icon and page

3.2.1.21 The functions of the application can be created by a

written statement, using JAVA language, which is done by writing the command code

in the Mainactivity.java icon.

bl N C e B e R L T

=

Protected void onCreate (Bundle savedInstanceState) {

s | AY] MainActivityjava 2 | <l activity main sl
o & package app.akexorcist.myfirscapp:
import android.app.Activitcys
import android.os.Bundle;
il import android.view.Menu:
wl import android.view.MenulItem;
public class MainBctivity extends Bctiwvitwy {
@0verride
-
super ..onCreate (savedInstanceState) -
secContentView (R.layout.actEivity main) ;
¥

Example code for creating the application by using java language

3.2.1.22 Download the computer application, the new acoustic

stimuli, and the animation reinforcement into the tablets. Then install the application
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in all tablets. The application, now installed on all tablets, can be set to two functions,

server and client.

Fig. 3.12 The server function and client function

3.2.1.23 Install the client function in a 9-inch tablet, for use as

a receiver; and install the server function in a 10-inch tablet for use as a control.

Fig. 3.13 The screen of server function used for control client function
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3.3 Research instrumentations

3.3.1 Accuscreen OAEs/ABR Screener.

3.3.2 GSI tympstar.

3.3.3 GSI 61 audiometer.

3.3.4 Frequency analysis by Cool editor pro program.

3.3.5 Creating animations by Flash program (Adobe Flash CS3
Professional).

3.3.6 Creating application by Eclipse program.

3.3.7 Two 9-inch reinforcer tablets PC, and one 10-inch control tablet PC.
All the instruments have been calibrated based on ANSI-S3.6-1996

3.4 Procedure

3.4.1 Control tablet was connected with the audiometer through a cable.

The loudness of acoustic signals through the speakers was monitored by controlling

the VU meter.
7

5 — 3
b

1. Tablet 1 (Rt. Video reinforcement;

2. Tablet 2 (Lt. Videoreinforcement

3. Tablet 3 (Control stimuliand reinforcement;

4. Child

5. Audiometer

6. Examiner

7. Cable link between audiometer and tablet 3

Fig. 3.14 Layout of equipment in test room
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3.4.2 Parents sign informed consent form

3.4.3 Researcher interviews parents about the child’s health

3.4.4 OAE:s test

3.4.5 If the results of OAEs were normal for both ears, then continue with
visual screening

3.4.6 The visual screening was done by observing the children behavioral
response to the light or pen light movement to left and right (fixation target) [61].

3.4.7 VRA with traditional stimuli and new stimuli. Two series of stimuli
were tested randomly

3.4.6.1 Series 1 consists of VRA testing with traditional
stimuli, followed by testing with new stimuli.
3.4.6.2 Series 2 consists of VRA testing with new stimuli,

followed by testing with traditional stimuli.

A traditional stimulus consisted of NBN 500 Hz, 1000 Hz, 2000 Hz and
4000 Hz. New stimuli included the sounds of a cow, a thunderclap (500 Hz), rain, a
barking dog (1000 Hz), a frog, a duck (2000 Hz), a bird, and finally a cat (4000 Hz).

3.4.8 In each test, the audiologist searched for the MRL value, by
observing the child’s correct head turns, to the lowest level of every stimuli. Then the
numbers of correct head turns to acoustic signals at comfortable levels were collected
until the child demonstrates the signs of habituation. All the results were completed in

a recording form

Protocol

3.4.9 Determination of MRL was done by using the same method to find
the threshold in routine audiometry (Descending method) [56-57].

3.4.10 The comfortable level was set at 55 dB, which was approximately
20-30 dB above threshold [62].

3.4.11 Duration of acoustic signal presentation was 1-2 s. [31]

3.4.12 Duration of reinforcement presentation was 2-3 s. [32]

3.4.13 The test sequence started at 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz

respectively.
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3.4.14 The correct head turn was within 4 s after stimulus presentation
[46].

3.4.15 Habituation was identified when the child did not response to
acoustic signal 3 consecutive times [46].

3.4.16 Two series of the test were conducted in the same day with 30 min-

1 hrs intermission [50].

3.5 Data analysis

The research data were analyzed according to the purpose of the research
as follows:

3.5.1 Means and standard deviations were used to evaluate the minimum
response level between the NBN and new stimuli, according to the following
frequencies: 500Hz, 1000 Hz, 2000 Hz, and 4000 Hz.

3.5.2 Means and standard deviations were used to evaluate the number of
correct head turns to acoustic signals between NBN and new stimuli.

3.5.3 Wilcoxon signed ranks tests were used to compare the median of the
minimal response level, between the NBN and the new stimuli, according to the
following frequencies: 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz.

3.5.4 Wilcoxon signed ranks test were used to compare the median of
number of correct head turns to sound trials, between the NBN and new stimuli. All
data were analyzed by using predictive analysis software statistics version 18. (PASW

18.0) The difference was considered to be significant when p < 0.05.
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CHAPTER IV
RESULTS

The results of this study were divided into two parts: 1) The results of the
creation of new tools, 2) VRA test results when using traditional and new tools, which
were detailed as followed:

2.1) MRL values of each frequency in each ear, which was the results of
VRA.

2.2) Response to sound stimuli at the frequencies 500-4000 Hz before
habituation.

2.3) The difference of MRL values in VRA when using traditional tools
and new tools.

2.4) The difference of total numbers of responses to sound stimuli in VRA,
when using traditional tools and new tools. The study participants were 38 children,
aged 6-24 months, with a mean age of 14.87 months, 23 were male and 15 were

female.

4.1 The results of the creation of new tools

The results of creating a new tool on the tablet showed that this new device
can transmit acoustic stimuli and video signals without the need for connection wires,
but it needed to connect to the Internet. This new tool could change the video and
acoustic stimuli, based on the needs of the users. It could also record sound stimuli,
which were then analyzed up to a maximum of 8§ stimuli, and video up to 8 signals.
The accessories for the VRA test, which had been created, could be applied with the
Audiometer. When working perfectly, the control the video and acoustic stimuli were

available, which were used for testing as well.
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4.2 VRA test results when using traditional and new tools

4.2.1 VRA test results using traditional tools

The results of the tests could be expressed as the MRL values, separated
by a frequency in each ear. The mean and standard deviation of each frequency in each
ear were demonstrated in table 4.1. The mean MRL value at 500 Hz was 27.63 and
26.58 dB with SD of 4.149 and 3.874 in the right and left ear respectively. At 1000
Hz, the average score was 28.42 dB in both ears with SD of 4.045 and 4.518 in right
and left ears respectively. At 2000 Hz, the average score was 29.34 in both ears with
SD of 4.528 and 4.376 in right and left ears respectively. And finally at 4000 Hz, the
mean was 28.68 dB and 30.13 dB with SD of 5.158 and 5.389 in right and left ears

respectively.

Table 4.1 The mean and standard deviation of the MRL values for each frequency in

each ear of 38 children

Right ear Left ear
MRL value Mean+ SD Mean + SD
500 Hz 27.63 +4.149 26.58 + 3.874
1000 Hz 28.42 + 4.045 28.42 +4.518
2000 Hz 29.34 + 4.528 29.34 £ 4.376
4000 Hz 28.68 +5.158 30.13 +£5.389

4.2.2 VRA test results using new tools

The results of the tests could be expressed as the MRL values, separated
by a frequency in each ear. The mean and standard deviation of each frequency in each
ear were demonstrated in table 4.2. The mean MRL value at 500 Hz was 26.97 and
25.39 dB with SD of 3.59 and 3.746 in right and left ear respectively. At 1000 Hz, the
average score was 28.03 and 27.63 dB with SD of 2.973 and 4.309 in right and left
ears respectively. At 2000 Hz, the average score was 28.16 and 29.47 dB with SD of
4.565 and 4.317 in right and left ears respectively. And finally at 4000 Hz, the mean
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was 27.24 dB and 27.76 dB with SD of 5.027 and 4.75 in right and left ear

respectively.

Table 4.2 The mean and standard deviation of the MRL value for each frequency in

each ear of 38 children

Right ear Left ear
MRL value Mean + SD Mean + SD
500 Hz 26.97 +3.59 25.39 +3.746
1000 Hz 28.03 £2.973 27.63 +£4.309
2000 Hz 28.16 £4.565 29.47 +4.317
4000 Hz 27.24 £5.027 27.76 £4.75

4.3 The numbers of responses to the sound stimuli before habituation

4.3.1 The numbers of responses to sound stimuli when using
traditional and new tools

The response to be considered in this study was correct head turn to the
sound source. Sound stimuli at a comfortable level of 55 dB were presented alternately
in right and left speakers. The numbers of correct head turns were counted. The test
ended when there was habituation. (No response at least 3 consecutive times of
stimulus presentation) The results showed that the children responded to new sound
stimuli more than traditional stimuli. The average numbers of correct head turns to
new stimuli was 25.61 (range 6-94) while traditional sound stimuli was 15.58. (Range

1-70) The details of all test results were shown in Table 4.3.
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Table 4.3 The numbers

traditional tools

Results / 38

of responses to sound stimuli when using the new and

The number of response to sound stimuli

Stimuli Range of responses Mean + SD
Traditional 1-70 15.58 £13.042
New 6-94 25.61 +£16.125

4.4 The difference between the response to sound stimuli when using

traditional and new tools

The difference of the MRL between traditional and new stimuli was

analyzed by using nonparametric statistics in Wilcoxon signed ranks tests.

The results showed that the response to new sound stimuli was not

statistically significantly different (P > 0.05) from the response to traditional stimuli at

the frequencies of 500 Hz, 1000 Hz, and 2000 Hz. However, at 4000 Hz, the response

to new sound stimuli was statistically significantly different (P < 0.05) from the

response to traditional stimuli.

Table 4.4 Comparison of 38 children’s responses to traditional and new sound stimuli

by using the Wilcoxon signed ranks test.

MRL
Tests New (Mean £ SD)  Traditional (Mean &+ SD) Z P-value
Right500Hz 26.97 +3.59 27.63 £4.149 -0.726 0.468
Left500Hz 25.39 +3.746 26.58 +3.874 -1.732 0.083
Right1000Hz 28.03 £2.973 28.42 +£4.045 -0.600 0.549
Left1000Hz 27.63 +4.309 2842 +5.518 -1.342 0.180
Right2000Hz 28.16 £4.565 29.34 £4.528 -1.732 0.083
Left2000Hz 2947 +£4.317 29.34 £ 4.376 -0.200 0.841
Right4000Hz 27.24 £5.027 28.68 £5.158 -2.40 0.016
Left4000Hz 27.76 £4.75 30.13 £5.389 -3.175 0.001
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4.5 The difference between the numbers of responses to traditional

and new sound stimuli

The difference of the numbers of responses to sound stimuli between
traditional and new stimuli was analyzed by using nonparametric statistics in
Wilcoxon signed ranks test.

The results of the analysis showed that the responses to sound stimuli
using the new tool was statistically significantly different (P < 0.05) from the

responses of the children when using traditional tools.

Table 4.5 Comparison of total numbers of responses to traditional and new sound

stimuli by using Wilcoxon signed ranks test.

Numbers of response

Test New (Mean £SD) Traditional (Mean +SD) zZ P-value

Numbers of

response 25.61 £16.125 15.58 £13.042 4910 9.12x 107
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CHAPTER V
DISCUSSION

The purpose of this research is to create a new tool that is supplementary
used with the VRA. The new tool which includes video and acoustic signals together
and connects to the audiometer in order to control the volume and transducer. Then
compare the results of the VRA when using the new tool and the traditional tool,
considering the differences in the results of the MRL value and the numbers of head

turns. All the results will be discussed as follows:

5.1 The efficiency of the new tool during the VRA testing

The devices of the new tool could be linked to work together very well,
especially in a place where there was wifi. This new tool could be used with
convenience and versatility because the link between each device required only a wifi
signal. Sometimes the new tool did not work properly due to the weakness of the wifi
signal, causing linkage disruption. The problem could be resolved in two different
ways. The first way is to pay for the Internet, with the option of a daily or a monthly
charge. The second is to use a tablet, containing a Bluetooth function. However,
because this study was the beginning of the new tool creation, adapting or changing it

may be necessary for the improvement of its function in the future.

5.2 The difference of the response to sound stimuli between

traditional and new stimuli

The researcher found the MRL to NBN and new stimuli at frequencies
500-4000 Hz, by observing the child’s head turns to stimuli. The correct response was
defined as a child’s head turn to the sound source within 4 seconds of the stimulus
presentation [46].
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5.2.1 The child’s response when using traditional stimuli

During the VRA testing, the children’s responses to traditional stimuli
were between 15-35 dB at frequencies 500-2000 Hz. But at a frequency of 4000 Hz,
the responses were rather high, which was in the range 15-40 dB. However, this
response was an estimation of actual hearing, which is called awareness threshold. The
true hearing level will be less than awareness threshold [33] because all the research
participants were already screened for hearing. The results were normal. The response
to acoustic stimuli at frequency 4000 Hz was rather high because of the frequency
4000 Hz was used to test for the final sequence. This may have led to children who
were bored and had lost interest. Therefore, the level of response was higher than the

reality value.

5.2.2 The child’s response when using new stimuli

Two new sound stimuli were matched with each NBN frequency. During
the test, the audiologist randomly selected the acoustic stimuli used for VRA testing.
The results showed that there were no significant differences in the responses of the
two types of acoustic stimuli at each NBN frequency. The reason for this was due to
the fact that each sound stimuli was selected from the analysis of frequency, and then
picked out. Sound stimuli with center frequency corresponded to the NBN
frequencies. The VRA tests both traditional stimuli and new stimuli. It is likely the
new stimuli can replace the traditional stimuli. The advantage of using new stimuli for

testing VRA is that it is able to extend the child’s attention span longer.

5.2.3 Compare the differences of responses between the VRA when
using traditional stimuli and new stimuli

The results of the statistical calculations showed the VRA test results
clearly. The traditional tool’s results and new tool’s results were not different at
frequencies 500-2000 Hz. However, at 4000 Hz, the new stimuli provided a lower
awareness threshold than the traditional stimuli did. Consider the average of the
responses during the VRA, using traditional and new tools. They differed only 1.44 dB
and 2.37 dB in the right and left ears respectively. But in practice, the difference was

not enough to declare it an abnormal difference [63]. When a hearing test was
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performed, the level used to increase or decrease was a 5 dB step [33, 64]. Considering
the difference in responses obtained from this study, there was very little difference.
(Less than 5 dB) Moreover, when considering the details of the responses to 4000 Hz,
the results showed that the average response of the VRA test when using the new
stimuli was less than the average response when using traditional stimuli. From the
above reason, the MRL value obtained by the use of new stimuli should be used as an
awareness threshold of hearing because the MRL is an estimation of the hearing level,
which is greater than true hearing level about 5-10 dB [33].

The MRL values from the VRA testing, when using traditional and new
tools, were not significant different because the creation of new acoustic stimuli was
achieved by using a computerized frequency analysis of the sound in the environment.
It was selected, and matched to the center frequency of those sounds with the NBN
frequency. Therefore, the acoustic stimuli used in the test were different, but the MRL

values obtained from the test were similar.

5.3 Numbers of head turns during the VRA

The results of this study showed the numbers of head turns to acoustic
stimuli when using the new tool was greater than the traditional tool. The children
demonstrated more interest in localization to the acoustic signal and looking at the
reinforcement animation when using the new tool. The reasons why children were
more responsive depend on two aspects: the acoustic signals and the visual
reinforcement. The acoustic stimuli that were used in the VRA testing were selected
from the environmental sounds which were familiar to children. Moreover, these
acoustic stimuli were also available in various tones [14]. Looking at the
reinforcement, the bright color animations were more attractive to the children than
traditional dolls [52]. By the above reasons, the acoustic signals and animation
reinforcement of the new tools greatly enhanced the child’s attention spans and
provide longer responses. The results were consistent with the findings of Bench et al
in 1977, Moore and Thompson in 1975, Thompson and McCall in 1992, and Primus
and Thomson in 1985.
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The VRA testing with traditional tools elicits the NBN signals at 250-
4000Hz which were different only in frequencies. Traditional reinforcement can attract
the children only at the beginning of the test. Using traditional reinforcement results in
quicker habituation. Thus, the audiologist requires more sessions to evaluate young

children.

Recommendation and further study

1. Future studies should be conducted on the results of the VRA when
using the new tool in hearing loss children.

2. The study compared the sound of the other groups that might be of
interest to children in this age range.
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CHAPTER VI
CONCLUSIONS

This study was conducted to create a new tool that performs well,
alongside the audiometer. The new tool was applied with 38 normal hearing children.
Comparing the new tool and the traditional tool, was based on randomly
experimenting. The children’s responses to the new tool and traditional tool were
compared. The data were compared in terms of the minimal response level value
(MRL), and the numbers of correct head turns to acoustic stimuli before the children
started habituation.

The new tool consisted of 3 computer tablets that could be connected to
each other by the use of the Wifi connection utility. To control the work between the
computer tablets, programs were made by creating android applications. In addition,
the video and acoustic signals that were used in this new tool were also created by
using the computer programs.

The new tool can be linked to the audiometer; they work together
efficiently. The MRL values obtained from the VRA by using the traditional tool and
the new tool were not significant different at low and mid frequencies. Only at 4KHz,
was there a significant difference. However, the average difference was 2.37 dB and
1.44 dB in left and right ears respectively. This difference did not reach 5 dB step, thus
did not demonstrate any distinction in misdiagnosis. The numbers of correct head
turns to acoustic stimuli before habituation, using the 2 types of instruments, are
markedly different. The new tool provided better response than the traditional tool.
The experimental results confirmed that the new tool can be used with the VRA
procedure without any difference from the traditional tool. In addition, the new tools
can also help increase the child’s attention during the test, and the data from the test
VRA was completed faster. This will help the diagnostics, and to help children in a

timely manner.
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APPENDIX A
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APPENDIX B

THE RAW DATA OF THE VRA TESTING IN CHILDREN
DURING THE USE OF TRADITIONAL TOOLS AND NEW TOOLS

MRL value at frequencies (dB) Numbers of
Subject | Gender | Ear | 500Hz 1000Hz | 2000Hz | 4000Hz response
(NO.)

C N|C|N|]C|N|C]|N C N

1 M R |30 | 2530 (30|30 |25 25|25 10 15
L [ 25|30 |30 |3 3030|2525

2 M R |3 3033030 |30 |3 |3 21 29
L [ 30 |25]3 |3 |30 |30]|3] 35

3 M R |30 |3 |30 (30|25|3 25|30 23 22
L | 30|30 |25 |25 | 25|30 | 25| 30

4 F R | 25|30 |30 |25]30|25|20 |20 | 11 31
L |25 |25]30|30 30|30 30]| 25

5 M R | 25|13 30|30 (3 (3 (33| 6 6
L [ 25| 25]30|30 30|30 35] 35

6 M R | 25|13 |3 (3|3 |3 |3 |3 | 14 34
L | 25|20 |30 |30 |30 |3 |3]30

7 F R |30 | 25|25 |25 |30 |3 |30 |25 | 34 39
L |25 |25]30| 25|30 |35]30]| 25

8 M R | 251303030 |3 |3 25|20 15 18
L [ 30 |30 |30 |3 3|3 |3]30

9 M R |33 |30 |25|30|25 30|30 51 47
L | 25|25 |35 |30 |3 |33 25

Note: F = Female, M = Male, R = Right, L = Left, C = Conventional, N = New
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APPENDIX C

THE RAW DATA OF THE VRA TESTING IN CHILDREN
DURING THE USE OF TRADITIONAL TOOLS AND NEW TOOLS

MRL value at frequencies (dB) Numbers of
Subject | Gender | Ear | 500Hz 1000Hz | 2000Hz | 4000Hz response
(NO.)

C N|C|N|]C|N|C]|N C N

10 F R |30 | 25|35 |25 |3 |30 | 25| 20 5 18
L [ 30 30|30 |30 25|30 ]| 20| 20

11 F R | 25| 25|30 | 25|25 |25| 20| 20 | 12 20
L |30 |25]20| 20| 25|30 | 25| 25

12 M R | 25125130 (303|253 |25 11 14
L | 25|30 |25 |30 |30 |30 ]| 30|25

13 M R | 25|20 | 25|25 |3 |30 |30 ] 25 2 8
L |20 20| 25|20 |30 |25 | 30| 30

14 M R |30 2530|3253 |25 |3 | 3 9
L [ 30 |25]3 |30 |3 |35 |35 40

15 M R | 25| 25|25 |30 |30 |30 |25 | 25 1 18
L | 25|20 |25 |25 |30 |25| 20|20

16 M R | 20| 25|20 25| 20| 25|20 | 20 | 23 22
L |15 20| 20| 25|20 | 25| 25| 25

17 M R |3 |3 |30|25(30|3 |3 |3]| 8 32
L [ 30 30|30 |30 |3 |30 30| 25

18 M R | 25|30 252530 |25 30|25 11 34
L |25 |25]20| 25|20 | 25| 25| 20

Note: F = Female, M = Male, R = Right, L = Left, C = Conventional, N = New
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APPENDIX D

THE RAW DATA OF THE VRA TESTING IN CHILDREN
DURING THE USE OF TRADITIONAL TOOLS AND NEW TOOLS

MRL value at frequencies (dB) Numbers of
Subject | Gender | Ear | 500Hz 1000Hz | 2000Hz | 4000Hz response
(NO.)

C|N|]C|N|C| NJ|C|N C N

19 F R |3 |25 |30 |25|25| 30| 30| 30 6 30
L [ 30]|25|30|30 |3 ]330 35

20 M R |3 |30 |25 |30 |3 25|30 30 8 16
L [ 303 |3 |3 ]3035 30|30

21 M R |30 | 25|25 |30 |25 |25|30| 30| 10 11
L | 2525|130 |30 |40 |35 |40 | 30

22 M R | 25|30 |25 (25|30 |3 |3 |30 | 22 23
L [ 30|25|25|20 |30 |25 |40 | 35

23 F R |3 (30|30 3|3 |3 |30 ]2 | 15 35
L | 25|30 |30 |25|3 |3 3|30

24 M R | 25|20 |30 |25 |25 |30 |25| 25| 10 13
L | 25|20 |30 | 25|30 |25 |25 |25

25 F R |20 |20 |20 | 25| 25|20 | 25|20 | 10 36
L |20 | 25|20 | 25|25 |25 |25 |20

26 F R | 2525|3030 |3 |25|25| 20| 13 30
L |25 | 25| 25|25 |30 |30 (35|30

27 M R |30 |30 |25 |25 |25 |25 |40 | 35 9 14
L |35 |25|25|30| 25|25 |40 | 30

Note: F = Female, M = Male, R = Right, L = Left, C = Conventional, N = New
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IN CHILDREN

DURING THE USE OF TRADITIONAL TOOLS AND NEW TOOLS

MRL value at frequencies (dB) Numbers of
Subject | Gender | Ear | 500Hz 1000Hz | 2000Hz | 4000Hz response
(NO.)

C|N|C|N|C| NJ|C|N C N

28 F R | 2525|2530 |30 | 35| 35| 40 4 11
L [ 30]|25|30|30|25|25 30|25

29 F R |25 25|30 |25|25|20| 30|30 | 17 17
L |20 25|30 | 25|30 |20 (35|25

30 M R | 25|30 |3 |30 |3 |3 |30]|3| 20 24
L | 30253 |3 |3 |40 |3 |35

31 F R |3 |20 |30 |3 |3 |30 3] 35 9 10
L |25 ]|25|30|30| 25|30 (35|30

32 M R | 25|30 |30 |25|25|25|25|25| 70 94
L [ 30]|25|25|25 |30 |30 |25 |25

33 F R |30 25|25 |30 |25|20| 20| 20 | 26 54
L | 25|20 | 25|25 |25 |30 |25 |25

34 F R |3 (30 |3 3|3 |3 |32 | 17 40
L [ 303 |30|30]30]30|25 |20

35 F R | 25|25 |20 | 25|20 |20 | 25 | 25 | 12 17
L | 25|20 | 25|20 | 25|20 |30 |25

36 F R |3 |30 |3 3|3 |30 |40 ]3| 19 34
L [ 30253 |30 |3 |32 |25

Note: F = Female, M = Male, R = Right, L = Left, C = Conventional, N = New
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APPENDIX F

THE RAW DATA OF THE VRA TESTING IN CHILDREN
DURING THE USE OF TRADITIONAL TOOLS AND NEW TOOLS

MRL value at frequencies (dB) Numbers of

Subject | Gender | Ear | 500Hz 1000Hz | 2000Hz | 4000Hz response
(NO.)

CIN|C|N|JC|IN]C|N C N

37 F R |3 2530 |3 |3 |30|3 |30 | 17 31
L | 25|20 | 25|20 | 30|30 |35 ] 30

38 M R |20 |30 |25|30 |25 |25 |25 | 25| 17 17
L | 25|30 |3 |30 |25|30 |25 30

Note: F = Female, M = Male, R = Right, L = Left, C = Conventional, N = New



Jiraphat Seesangnom Appendices / 58

APPENDIX G
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