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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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บทคดัยอ่ 
การตรวจการไดย้ินชนิดให้แรงเสริมทางสายตา (Visual reinforcement audiometry 

(VRA)) เป็นวิธีการตรวจท่ีตอ้งใชก้ารสังเกตพฤติกรรมการตอบสนองของเด็กโดยการหันหาเสียง  
การตรวจน้ีเหมาะสาํหรับเดก็ท่ีมีอายรุะหวา่ง 6-24 เดือน โดยการปล่อยสญัญาณเสียงผา่นลาํโพงหรือ
หูฟังในระหว่างการตรวจ เม่ือเด็กตอบสนองโดยการหันหาเสียงถูกตอ้งเด็กจะไดรั้บแรงเสริมทาง
สายตาเป็นภาพตุ๊กตาท่ีมีแสงไฟหรือของเล่นท่ีมีการเคล่ือนไหวเพ่ือดึงดูดใจให้เด็กหันหาเม่ือไดย้ิน
เสียง  

สัญญาณเสียงเดิมท่ีใชใ้นการตรวจมกัไม่สามารถดึงดูดความสนใจของเด็กไดย้าวนาน  
การตอบสนองของเด็กมกัเป็นการตอบสนองช่วงสั้นๆ ทาํใหผ้ลการตรวจท่ีไดไ้ม่สมบูรณ์ ส่งผลให้
การวินิจฉยัและการช่วยเหลือล่าชา้  การศึกษาน้ีมีวตัถุประสงคเ์พื่อสร้างเคร่ืองมือท่ีรวบรวมสัญญาณ
ภาพและสัญ ญาณเสียงท่ีสร้างข้ึนใหม่เขา้ไวด้ว้ยกนั  จากนั้นนาํไปทดสอบเปรียบเทียบกบัการใช้
เสียงเดิมและเสียงใหม่ในกลุ่มตวัอยา่งเด็กปกติท่ีมีการไดย้นิปกติอายรุะหว่าง 6-24 เดือนจาํนวน  38 
คน พบว่าค่าการตอบสนองต่อเสียงเดิมและเสียงใหม่ไม่มีความแตกต่างกนัท่ีความถ่ี 500 Hz, 1000 
Hz และ 2000Hzแต่ท่ีความถ่ี 4000 Hz มีความแตกต่างกนัอยา่งมีนยัสาํคญัทางสถิติ  เม่ือพิจารณา
จาํนวนคร้ังของการตอบสนองต่อเสียงพบว่าการตอบสนองต่อเสียงใหม่มีค่ามากกว่าการตอบสนอง
ต่อเสียงเดิมอยา่งมีนยัสาํคญัทางสถิติท่ีระดบันยัสาํคญั P < 0.05 

อุปกรณ์เสริมใหม่ชนิดน้ีสามารถใช้เป็นตัวเลือกในการทดสอบVRAแทนการใช้
สญัญาณ เสียงเดิม  อีกทั้งยงัสามารถดึงดูดความสนใจของเดก็ใหย้าวนานข้ึนในระหวา่งการทดสอบ            
 
60   หนา้ 
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CHAPTER I 

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 



Fac. of Grad. Studies, Mahidol Univ.                                              M.Sc. (Communication Disorders) / 3 

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 Is there any difference in the number of head turns? 
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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 I is the introduction. 

Chapter II describes literature review and the previous research studies. The 

methodology is described in detail in Chapter III. 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 II 

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.  

 

 

 

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 9th week of pregnancy.  

 

            

 

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

 

Three types of strial cells, including marginal, intermediate and basal cells, are formed 

completely in the 12th 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 8th week of pregnancy. The outer ear will grow to the same size as an adult when 

the child is 9 years old [19-20]. 

 

                  

 

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

 

                                            

                                   

 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 2.11  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. 

Tester1 (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]. 

 

 

                     

                   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. 

 

                     

                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 

 
 

0˚ 

Imitation of one to one 
communication, The child does 
not need to make a head turn to 

the sound source. It is just a 
change of behavior when he/she 
hears the sound. Consume only 

one loud speaker. 

 
Audiologists need some 

experience and attempt to 
observe the child’s behavior. 

 
45˚ 

The child’s response becomes 
more definite when compare to 

0˚ 

Require two loud speakers 
The child’s react only visual 

response without head turning 

 
60˚ 

Same as the position of 45˚ Same as the position of 45˚ 

 
90˚ 

Head turning to the sound source 
can be observed most clearly 

Not appropriate for children who 
have additional handicaps 
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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 III 

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 

N =   

where: 

N = sample size,  = standard deviation of the within-pair difference, Difference = 

clinically meaningful difference,  = corresponds to power (0.84 = 80% power) 

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

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

N =  

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. 

 

              

 

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

cool editor pro program 

 

 



Jiraphat  Seesangnom                                                                                          Material and Method  / 26 

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 

 

        

                   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 

frame1 and download the cartoon image to frame1. 

 

 

          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  

 

 

   

      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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                     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. 

 

 

                 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.  

 

 

 

      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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                            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. 

 

 

 

         Fig. 3.11  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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 OAEs 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 

 

 

MRL value 

Right ear Left ear 

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 

 

 

MRL value 

Right ear Left ear 

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 of responses to sound stimuli when using the new and 

traditional tools 

 

 

Stimuli 

The number of response to sound 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. 

 

Tests 

MRL  

Z 

 

P-value New (Mean ± SD) Traditional (Mean ± SD) 

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 28.42 ± 5.518 -1.342 0.180 

Right2000Hz 28.16 ± 4.565 29.34 ± 4.528 -1.732 0.083 

Left2000Hz 29.47 ± 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. 

 

 

 

 

 

 

 

 

 

 

Test 

Numbers of response  

Z 

 

P-value New (Mean ±SD) Traditional (Mean ±SD) 

Numbers of 

response 

 

25.61 ± 16.125 

 

15.58 ± 13.042 

 

-4.910 

 

9.12 × 10-7
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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.   

 



Fac. of Grad. Studies, Mahidol Univ.                                            M.Sc. (Communication  Disorders) / 45 

 

 

REFERENCES 

 

 

[1] Gelfand SA. Essentials of audiology. 3rd ed. New York: Thieme medical 

publishers; 2009.  

[2]  Dreisbach P, Dreisbach L, Beth A. Otoacoustic emittions. In: Seewald R, Tharpe 

AM, editors. Comprehensive handbook of pediatric Audiology. San Diego, 

CA: Plural Publishing; 2011. p. 389-91.  

[3] Hall, JW. New handbook of auditory evoked responses. Boston, MA: Pearson  

Education; 2007.  

[4] Katz J. Handbook of clinical audiology. 6th ed. Philadephia, PA: Lippincott 

Williams & Wilkins; 2009. p. 551-60. 

[5]   Roeser RJ, Downs MP. Auditory Disorders in School Children. 4th ed. New York: 

Thieme medical publishers; 2004.  

[6] Diefendorf AO, Gravel JS. Behavioral Obsevation and Visual Reinforcement 

Audiometry. In: Gerber SE, editor. The Handbook of Pediatric  Audiology. 

Washington, D.C.: Gallaudet University Press; 1996. p. 71-73.  

[7]  Sharma K. Aural rehabilitation of hearing impared children. New Delhi: Sarup & 

Sons; 2006.  

[8] Widen JE. Behavioral audiometry with infants. In: Seewald R, Tharpe AM, 

editors. Comprehensive handbook of pediatric audiology: San Diego, CA: 

Plural Publishing; 2011. P. 485-91. 

[9] Shlomo S, Silverman CA. Auditory diagnosis principles and applications. San 

Diego, CA: Academic Press; 1991.  

[10] Conditioned play audiometry [Monograph on the Internet]. Michigan: University 

of Michigan health system. 2014 [cited 2013 Sept 23]. Available from: 

http://www.med.umich.edu/childhearinginfo/pv/play.htm. 

[11] American speech-language-hearing association. Guideline for the audiologic  



Jiraphat  Seesangnom                                                                                                           References / 46 

 

assessment of children from birth to 5 year of age [Guidelines]. 2004 

[cited 2015 Jan 21]. Available from: http://www.asha.org/policy 

[12] Day J, editor. Visual reinforcement audiometry testing of infants: a recommended 

test protocol version 2.0. United kingdom: 2008.   

[13] Yoshinaga-Itano C, Seday A, Coulter D, Mehl E. Language of early-and later-

idenfified children with hearing loss. Pediatrics 1998;102:1161-171.  

[14] Ellen A. Auditory developmental scale: 0-6 years [monograph on the internet]. 

1999 [cited 2015 Jan 26]. Available from: http://www.auditoryverbal- 

training.com/scale.htm.  

[15] Bowen C. Ages and stages summary-language development 0-5 years 

[monograph  on the internet]. 2011 [cited 2015 Feb 5]. Available from: 

http://www.speech-languagetherapy.com/index. php?option=com_ 

content&view=article&id=34:ages&catid=11:admin&Itemid=117.  

[16] Atheron S. Visual reinforcement audiometry: An adobe flash base approach. J Vis 

Comm Med 2010;33:110-12. 

[17] Snipview. Otic placode [homepage on the Internet]. [cited 2015 Feb 5]. Available 

from: http://www.snipview.com/q/Otic_placode 

[18] Wikipedia. BGDB face and ear-early embryo [homepage on the  internet]. 2013 

[cited 2015 Feb5]. Available from: https://embryology.med.unsw.edu.au/ 

embryology/index .php/BGDB_Face_and_Ear_-Early_Embryo 

[19] Hill M. Hearing development: Embryology of the ear. In: Seewald R, Tharpe 

AM, editors. Comprehensive handbook of pediatric Audiology. San Diego, 

CA: Plural Publishing; 2011. p. 4-12. 

[20] Goycoolea MV, Larvea R. Embryology of the ear. In: Souza CD, Goycoolea MV, 

Ruah CB, editors. Textbook of the Ear Nose and Throat. New Delhi: 

Indcom press; 1995. p. 1-3.   

[21]  Ben P. The vestibulocochlear system: The External ear and the eardrum 

(tympanic  Membrane) [monograph of the internet]. [cited 2015 Feb 6]. 

Available from: http://discovery.lifemapsc.com/library/review-of-medical-

embryology  /chapter-170-the-vestibulocochlear-system-the-external-ear-

and-the-eardrum-tympanic-membrane.  



Fac. of Grad. Studies, Mahidol Univ.                                            M.Sc. (Communication  Disorders) / 47 

 

[22] Northen JL, Downs MP. Hearing in children. 4th ed. Baltimore, MD: Williams & 

Wilkins; 1991. p. 148-154. 

[23] Leibold WJ, Leibold LJ, Lynne A. Auditory development in normal-hearing 

children. In: Seewald R, Tharpe AM, editors. Comprehensive handbook of 

pediatric Audiology. San Diego, CA: Plural Publishing; 2011. p. 63. 

[24] Wilson WR, Thompson G. Behavioral audiometry. In: Jerger J, editor. Pediatric 

Audiology. San Diego: College-Hill Press; 1984. p. 1-44.   

[25] Moore JM. Auditory responsiveness of premature infants utilizing visual 

reinforcement audiometry (VRA) (Dissertation). Washington, University 

of Washington; 1989. 101p.   

[26] Diefendorf AO, Smiey DF, BradhamTS. Auditory Assessment. In: BrahamTS, 

Todd-Houston K, editors. Assessing Listening And Spoken Language In 

Children With Hearing Loss. San Diego, CA: Plural Publishing; 2015. p. 

70.   

[27] Beattie & Champion RM, Beattie MP. Essential Revision Notes in Paediatrics for 

the MRCPCH. 3rd ed. Cheshire: Page Bros; 2012. p. 52.  

[28] Mccormick B. Pediatric audiology 0-5 years. 2nd ed. London: Whurr publishers; 

1993. p. 129. 

[29] Shoup AG, RoeserRJ. Audiologic Evaluation of Special Populations. In: Roeser 

RJ, Valente M, Hosford-Dunn H, editors. Audiology Diagnosis. New 

York: Thieme Medical Publishers; 2007. p. 319-320. 

[30] Culpeper NB. Effect of reinforcer duration and novel auditory stimuli on the  

response behavior of  preterm 2-year-olds in visual reinforcement 

audiometry (Dissertation). Washington, University of Washington; 1990. 

90p.  

[31] Carhart R, Jerger J. Preferred method for clinical determination of pure-tone 

thresholds. J Speech Hear Disord 1959;24:330-45.   

[32] Culpeper B, Thompson G. Effect of reinforcer duration on the response 

behavioral of preterm 2-year-old in visual reinforcement audiometry. Ear 

Hear 1994;15:161-67.   



Jiraphat  Seesangnom                                                                                                           References / 48 

 

[33] British society of audiology. Recommended procedure visual reinforcement 

Audiometry [monograph of the internet]. 2014 June [cited 2015 Feb 6]. 

Available from: www.thebsa.org.  

[34] Widen JE. Using visual reinforcement audiometry in the assessment of hearing in 

infants. Hear J 2002;55:28-36. 

[35] Tweedy F, Booth R. Behavioral tests of hearing. In: Newton VE, editor. 

Paediatric Audiological Medicine. Hong Kong: Markono Rrint Media Pte; 

2009. p. 60.   

[36] Wilson WR, Moore JM. Pure-tone earphone threshold of infants utilizing visual    

reinforcement audiometry (VRA). Paper presented at ASHA Convention; 

1978; San Francisco, CA: 1978.   

[37] Gravel JS. Behavioral audiologic assessment for hearing aid fitting: big 

challenges from tiny ears. In: Seewald R, editor. A Sound Foundation  

through Early Amplification. Proceedings of an International Conference; 

2000; Vanderbilt-Bill Wilkerson Press, Nashville, TN. 2000. p. 33-46. 

[38] Sweitzer RS. Audiologic evaluation of the infant and young child. In: Jaffe MD, 

editor. Hearing loss in children. Baltimore, MD: University park press; 

1977. p. 118.   

[39] Vieira EP, Azevedo MF. Visual reinforcement audiometry with different sound 

stimuli in children. 2007; 19(2):185-94. 

[40] Moore J, Thompson G & Thompson M. Auditory localization of infants as a 

function of reinforcement conditions. J Speech Hear Disord 1975;40:29-

34.  

[41] Morgan KL. Infant response behavior to differing signal spectra in visual  

reinforcement audiometry (Dissertation). University of Wyoming; 1993. 

41p. 

[42] Bench J, Collyer D, Mentz L. Studies in behavioral audiometry.III.Six-month-old 

infants. Audiology 1997;15:384-394.  

[43] Madell JR. Using Visual Reinforcement audiometry to Evaluate Hearing in 

infants. In: Madell JR, Flexer C, editors. Pediatric Audiology Diagnosis, 



Fac. of Grad. Studies, Mahidol Univ.                                            M.Sc. (Communication  Disorders) / 49 

 

Technology, and Management. New York: Thieme Medical Publishers; 

2008. p. 71.  

[44] Madell JR. Behavioral evaluation of hearing in infants and young children. New 

York: Hamilton Printing Company; 1998.  

[45] Roeser R, Valente M. Audiology, 3-volume set: Diadnostic, Treatment and 

Practice management. New York: Thieme medical publisher; 2008. 

[46] Schmida MJ, Peterson HJ, Tharpe AM. Visual reinforcement audiometry using 

digital video disc and conventional reinforcer. Am J Audiol 2003; 12: 35-

40. 

[47] Gravel JS. Behavioral assessment of auditory function. Seminar in hearing 1989; 

10: 216-28. 

[48] Gravel JS, Seewald RC, Buerkli-Halevy O. Pediatric audiologic assessment. 

Phonak Focus. “ Sound beginnings ” Videotape series. Switzerland: 1997.  

[49] Clarke K. Comparison of video and toy reinforcers to motivate infants/toddlers 

for hearing tests. 2006; 1-21. 

[50]  Kristy J, Erin L. A comparison of video versus conventional visual reinforcement 

in 7-to-16 month-old infants. J Speech Lang Hear Res 2009;52:723-31. 

[51] Karzon RK, Banerjee P. Animated toys versus video reinforcement in 16-24 

month-old children in a clinical setting. Am J Audiol 2010;19:91-99. 

[52] Thompson G, Thompson M, McCall A. Strategies for increasing response 

behavioral of 1and 2-year-old children using visual reinforcement 

audiometry (VRA). Ear Hear;13:236-40.  

[53] Primus MA, Thomson G. Response strength of young children in operant 

audiometry. J Speech Lang Hear Res 1985;28:539-47.  

[54] Moore JM, Wilson WR, Thompson G. Visual reinforcement of head-turn 

responses in infants under twelve months of age. J Speech Hear Disord 

1977;42:328-34.  

[55]  Werner L, Kopyar B. Aprocedure for Developing Effective Visual reinforcement 

for Infant Psychoacoustics. Presented at the 17th Midwinter Research 

Meeting for Research in Otolaryngology; St. Petersburg, FL: 1994.  



Jiraphat  Seesangnom                                                                                                           References / 50 

 

[56] American National Standards Institue (ANSI). Method for manual pure-tone 

threshold audiometry. ANSI S3.21-2004. New York: 2004. 

[57] American Speech-Language-Hearing Association. Guidelines for manual pure-

tone audiometry [serial on the internet]. 2005 [cited 2015 Mar 10]. 

Available from: http://www.asha.org/docs/html/GL2005-00014.html 

[58] Baldwin SM, Gajewski BJ, Widen JE. An Evaluation of the Cross-Check 

Principle Using Visual Reinforcement Audiometry, Otoacoustic 

Emissions, And Tympanometry. J Am Acad Audiol 2010;21:187-96. 

[59] Northen JL, Downs MP. Hearing in children. 1st, 2nd, 3rd, 4th eds. Baltimore, MD: 

Williams & Wilkins; 1974, 1978, 1984, 1991. p. 110. 

[60] Lowery KJ, Von Hapsburg D, Plyler EL, Johnstone P. A comparison of video 

versus conventional visual reinforcement in 7-to-16 month-old infants. J 

Speech Lang Hear Res 2009;52:723-31. 

[61] American Academy of Pediatric: Eye examination and vision screening in infant, 

children and young adults. Pedriatric 1996;98(1):153-7. 

[62] McArdle R, Hnath-Chisolm T. Speech audiometry. In: Katz J, Medwetsky L, 

Burkard R, Hood L, editors. Handbook of Clinical Audiology. Baltimore, 

MD: Lippincott Williams & Wilkins; 2009. p. 66-67. 

[63] Franks JR. Hearing measurement. In: Goeler B, Hansen CH, Sehrndt GA, editors. 

Occupational exposure to noise: evaluation, prevention and control. p. 

193-94.  

[64] Nozza RJ, Wilson WR. Masked and unmasked pure-tone threshold of infants and 

adults: Development of auditory frequency selectivity and sensitivity. J 

Speech Lang Hear Res 1984;27:613-22.  

 

 



Fac. of Grad. Studies, Mahidol Univ.                                             M.Sc. (Communication Disorders) / 51 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDICES



Jiraphat  Seesangnom  Appendices / 52 

 

APPENDIX A 

 

 

 

   



Fac. of Grad. Studies, Mahidol Univ.                                             M.Sc. (Communication Disorders) / 53 

 

APPENDIX B 

 

 

THE RAW DATA OF THE VRA TESTING IN CHILDREN 

DURING THE USE OF TRADITIONAL TOOLS AND NEW TOOLS 

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

 

Subject 

(N0.) 

 

Gender 

 

Ear 

MRL value at frequencies (dB) Numbers of 

response 500Hz 1000Hz 2000Hz 4000Hz 

C N C N C N C N C N 

1 M R 30 25 30 30 30 25 25 25 10 15 

L 25 30 30 35 30 30 25 25 

2 M R 30 30 35 30 30 30 35 30 21 29 

L 30 25 35 30 30 30 35 35 

3 M R 30 30 30 30 25 30 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 30 30 30 35 35 35 35 6 6 

L 25 25 30 30 30 30 35 35 

6 M R 25 30 35 30 35 35 35 30 14 34 

L 25 20 30 30 30 30 35 30 

7 F R 30 25 25 25 30 35 30 25 34 39 

L 25 25 30 25 30 35 30 25 

8 M R 25 30 30 30 35 35 25 20 15 18 

L 30 30 30 35 30 35 35 30 

9 M R 35 30 30 25 30 25 30 30 51 47 

L 25 25 35 30 35 30 30 25 
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APPENDIX C 

 

 

THE RAW DATA OF THE VRA TESTING IN CHILDREN 

DURING THE USE OF TRADITIONAL TOOLS AND NEW TOOLS 

10 F R 30 25 35 25 35 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 25 25 30 30 30 25 30 25 11 14 

L 25 30 25 30 30 30 30 25 

13 M R 25 20 25 25 35 30 3O 25 2 8 

L 20 20 25 20 30 25 30 30 

14 M R 30 25 30 30 25 30 25 30 3 9 

L 30 25 35 30 35 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 35 35 30 25 30 30 30 30 8 32 

L 30 30 30 30 35 30 30 25 

18 M R 25 30 25 25 30 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 

 

Subject 

(N0.) 

 

Gender 

 

Ear 

MRL value at frequencies (dB) Numbers of 

response 500Hz 1000Hz 2000Hz 4000Hz 

C N C N C N C N C N 
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APPENDIX D 

 

 

THE RAW DATA OF THE VRA TESTING IN CHILDREN 

DURING THE USE OF TRADITIONAL TOOLS AND NEW TOOLS 

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

 

 

Subject 

(N0.) 

 

Gender 

 

Ear 

MRL value at frequencies (dB) Numbers of 

response 500Hz 1000Hz 2000Hz 4000Hz 

C N C N C N C N C N 

19 F R 30 25 30 25 25 30 30 30 6 30 

L 30 25 30 30 35 35 30 35 

20 M R 35 30 25 30 35 25 30 30 8 16 

L 30 30 35 35 30 35 30 30 

21 M R 30 25 25 30 25 25 30 30 10 11 

L 25 25 30 30 40 35 40 30 

22 M R 25 30 25 25 30 30 35 30 22 23 

L 30 25 25 20 30 25 40 35 

23 F R 35 30 30 30 35 30 30 25 15 35 

L 25 30 30 25 35 35 35 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 25 25 30 30 30 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 
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APPENDIX E 

 

 

THE RAW DATA OF THE VRA TESTING IN CHILDREN 

DURING THE USE OF TRADITIONAL TOOLS AND NEW TOOLS 

28 F R 25 25 25 30 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 35 30 30 35 30 30 20 24 

L 30 25 35 35 35 40 35 35 

31 F R 30 20 30 30 35 30 30 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 30 30 30 30 35 35 30 25 17 40 

L 30 35 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 35 30 35 35 35 30 40 35 19 34 

L 30 25 35 30 35 30 25 25 

       

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

 

Subject 

(N0.) 

 

Gender 

 

Ear 

MRL value at frequencies (dB) Numbers of 

response 500Hz 1000Hz 2000Hz 4000Hz 

C N C N C N C N C N 
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APPENDIX F 

 

 
THE RAW DATA OF THE VRA TESTING IN CHILDREN 

DURING THE USE OF TRADITIONAL TOOLS AND NEW TOOLS 

37 F R 30 25 30 35 35 30 35 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 35 30 25 30 25 30 

 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

Subject 

(N0.) 

 

Gender 

 

Ear 

MRL value at frequencies (dB) Numbers of 

response 500Hz 1000Hz 2000Hz 4000Hz 

C N C N C N C N C N 
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