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1. Abstract 

Six years ago, I measured the highest frequency that 178 subjects could hear and found that musicians 

who play higher-register instruments such as flutes and violins could hear, on average, 1000 Hz higher 

than other musicians and non-musicians. The finding was not reliable, however, as the flutes and 

violins’ sample group was only six subjects. To validate and verify this finding, I replicated this 

experiment once again with 200 subjects, of which 17 played a flute or violin.  

In this latest study, the median frequency perceived for this flutes and violins’ group was 640 Hz above 

average, supporting my hypothesis that long-term auditory stimulation can increase the sensitivity of a 

person’s hearing by repetition of sensory stimuli in the cortex of the brain, causing neural pathways to 

reorganise, allowing auditory signals to be perceived. Further dramatic evidence supporting this 

hypothesis occurred with the resulting longitudinal study, where 8 of the 118 subjects recorded an 

increase in their sensitivity to high frequency sounds by a mean 740 Hz, while the other 110 subjects 

had a mean drop of 1520 Hz. The common denominator of these 8 subjects is that they all picked up 

the playing of either the flute, violin or piano in the interim period. 

Finally, a clinical study, with 11 of these subjects, was conducted to see if short-term auditory 

stimulation can increase the sensitivity of a person’s hearing. At the beginning and end of a 24 hour 

period, all subjects had their hearing tested using a pure tone audiometry (PTA) test and a distortion 

product otoacoustic emission (DPOAE) test.  In between the hearing tests, each of 9 subjects were 

played a targeted-pitched 60dB tone for 3 intervals, totalling 22 hours, while the other 2 subjects who 

were blind to both the audiologists and the other subjects did not listen to the tone. 

No significant change in hearing was observed in both the experimental group and the control group, 

leading to the conclusion that long-term repetitive auditory stimulation is required to have any 

neuroplasticity effect on the cortex of the brain, allowing any measurable improvement in a person’s 

hearing.  
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2. Introduction 

In 2008, when I was in Year 4, I tested the hearing of 179 subjects in order to find the highest 

frequency that they could hear. Using the software package TrueRTA, I played a sine wave tone at 

100dB increments until the subject could hear it no longer. Each subject was tested three times on  

separate occasions and the reproducibility of the results were quite amazing. 

 

 

 

 

 

 

 

 

 

 

Testing my Grandad and Grandma six years ago. My Grandad is no 
longer with us, but my Grandma took part in this investigation 

 

39 of the subjects were musicians who have played in a band or instrument group for more than 5 

years and I divided this group into three smaller groups (i) loud instruments played in band (ii) soft 

instruments played in band and (iii) piano players not involved in bands.  

 

 

 

 

 

 

 

 

An excel graph from my 2008 report comparing the type of instrument played 
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These softer instruments, represented in pink, were clarinets, flutes, violins and classical guitar. My 

major conclusion for this investigation was that musicians of higher-register instruments can hear 

higher frequencies than other musicians and non-musicians. I also found out that if you stop playing 

an instrument for a long time, your hearing drops back down to normal. 

This investigation went on to win the 2008 Primary Young Scientist Award and it was a national 

Primary winner in the 2009 BHP Billiton Science Awards. Now in 2014, with the prospect of choosing a 

topic for my Year 10 student research project, I was interested in extending this research further. I was 

especially keen to find out how reliable my findings were and whether they could be replicated and 

extended. Being six years older and having completed a statistics topic in 5.3 Maths, I constructed a 

number of box and whiskers plots to seriously analyse my results which are shown below: 

 

 

 

 

 

  

 

 

 

 

 

 

This graph dramatically shows how musicians who play flutes and violins have much more sensitive 

hearing when it comes to higher frequencies. Their median value was more than 1000 Hz greater than 

the average hearing level for my sample of 179 subjects. I grouped the clarinet players into the guitar 

category as these subjects are accomplished guitarists and I included in my sample, piano players with 

less than 5 years experience. The obvious factor that affects the reliability of my 2008 investigation 

was the limited sample of 6 subjects in the flutes and violins group. Basing my whole finding on such a 

small sample is not statistically reliable. 

Therefore, I intend to commence my 2014 investigation by repeating my previous trial but with a 

larger flutes and violins’ sample group. I am keen to find out whether my overall results are consistent 

six years later which would validate my earlier findings. I would also like to find out whether any 

subject has actually increased their sensitivity for high frequencies, instead of the usual deterioration 

that comes with age. This could come with subjects who have taken up the playing of flutes or violins 

in the interim period, such as myself who started casually playing my grandad’s flute 18 months ago.  
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The ability of a flute or violin player to have a greater sensitivity to higher frequencies is consistent 

with the relatively new theory of neuroplasticity (Münte, 2002), where repetition of sensory stimuli in 

the cortex of the brain can reorganise neural pathways allowing auditory signals to be perceived, 

where once they could not be perceived. This only occurs over time and is more evident in musicians 

who practice regularly (Rodrigues, 2010), resulting in the auditory training of the brain. Therefore, it is 

one of the aims of this investigation to provide conclusive evidence that long-term exposure to the 

auditory stimulus of playing high frequency instruments can measurably improve the sensitivity of a 

person’s hearing to high frequency tones. 

My second and more adventurous aim is to see whether a person’s hearing can be improved in the 

short-term through the playing of a particular targeted tone. This would be revolutionary! For 

instance, someone caring for a person with a hearing-deficiency could have a typical frequency of their 

carer’s voice looped continuously to them why they slept, enabling them to be more sensitive to the 

voice of their carer. To make this goal possible, I would need the use of sophisticated audiology 

equipment that is sensitive enough to detect small changes in frequency responses. To help organise 

this, my father contacted a retired audiologist, Narelle Murray, who then put me onto Associate 

Professor Catherine McMahon from Macquarie University, Vice President of Audiology Australia. 

Catherine McMahon was able to organise the use of their state-of-the-art audiology equipment at the 

newly built, Australian Hearing Hub, for the testing of my subjects. 

Using an online audiometry test to identify subjects with a definite drop in their hearing spectrum, 12 

subjects were selected to take part in my clinical trial to see if the short-term exposure to an auditory 

stimuli can increase the sensitivity of a person's hearing. 

 

 

 

 

 

 

 

 

 

 

The Australian Hearing Hub is a unique, world-class facility purpose-designed to facilitate collaborative 

research into hearing and related speech and language disorders.  
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3. Aim 

Six years ago, I conducted a study that found that musicians who played higher-register instruments 

such as violins and flutes were more sensitive to high frequency tones than other musicians and non-

musicians. In this investigation, I will be repeating this initial study with a larger sample group to verify 

whether this previous finding is still valid. I will also be testing many of the same subjects and targeting 

those who have picked up the playing of a musical instrument in the interim, to see if this long-term 

auditory stimulation has had a positive effect on the sensitivity of their hearing. 

Secondly I will be conducting a clinical study with 9 subjects who will be subjected to a targeted 60dB 

tone at a frequency of each person’s greatest hearing deficiency for 2 one-hour intervals and 1 half-

hour interval, over a 24 hour period. Each subject will have their hearing tested using a pure tone 

audiometry (PTA) test and a distortion product otoacoustic emission (DPOAE) test before and after 

listening to the tones. 3 other control subjects will have their hearing tested without having to listen to 

the tones. The aim of this clinical trial is to ascertain whether the sensitivity of a person’s hearing can 

be increased in the short-term. 

 

 

4. Background Research 

Background Research Overview 

The study of audiology is far wider than the functioning of the outer, middle and inner ear. It includes 

the whole sensory system for the sense of hearing which includes the auditory nerve that transports 

messages from the cochlea to the central auditory system which is primarily located in the cortex of 

the human brain. Consequently, when a research study, like this one, is conducted on the effects of 

playing higher-register instruments on the ability to perceive high frequency tones, you are not just 

looking at the responsiveness of cilia hairs in the cochlea, you also need to examine how auditory 

stimulation effects neural responses in the brain.  

Repetitive long-term auditory stimulation, like the playing of an instrument is known to reorganise 

neural pathways in the cortex of the brain. It is the purpose of this investigation to provide further 

evidence that this theory of neuroplasticity can positively affect the sensitivity of a person’s hearing.  

The other focus of this study is to investigate whether a person’s hearing can become more sensitive 

to particular frequencies in the short-term. It is well-known that different parts of the human eye, 

physically change their shape and orientation to accommodate changes in brightness and focal length. 

In the same way, does the internal shape of the ear change in response to temporary auditory 

stimulation and if so, is this change in sensitivity measurable?   
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Background Research Detail 

(i)  Neuroplasticity  

The majority of our human cells regenerate over a period of time. For instance the cells that line the 

intestine are replaced every two weeks (Lopez-Garcia, 2010) and dead skin cells are replaced every 

few months (Blanpain, 2009). The liver is capable of natural regeneration of lost tissue; as little as 25% 

of a liver can regenerate into a whole liver (Häussinger, 2011). Conversely, as recently as 15 years ago, 

scientists believed that people were born with all of the brain cells they would ever have, as it was 

believed that nerve cells could not regenerate (Kerr, 2001). 

Observations of individuals with brain trauma and disease suggested that brain damage from 

accidents or disease was permanent (Strich, 1961). Nerves and areas of the brain that controlled the 

movement of specific limbs were not expected to regain function following injury or disease. The 

combined beliefs that brain and nerve cells could not regenerate and that damaged areas of the brain 

did not seem capable of recovering perpetuated the notion that the brain and nervous system lacked 

plasticity. 

One line of investigation that began to suggest the existence of plasticity in the brain and nervous 

system was in the area of brain cell regeneration. The first evidence that brain cells could divide to 

form "newly born" brain cells in an adult animal came nearly 50 years ago. 

In experiments in rats (Altman, 1963), researchers found a region of the rat brain where new nerve 

cells were generated. These new cells were found in the hippocampus, which is the part of the brain 

where memories of new places and things are formed. The researchers found two hollow cavities in 

the hippocampus (known as ventricles) where the new cells were born. Known as stem cells because 

they can change into different types of brain cells as needed, the newly formed cells migrated to 

different parts of the brain and assumed the functions of that area of the brain. 

One of the first observations was the migration of stem cells to the olfactory bulb, where they became 

the type of brain cell that mediates the sense of smell. In 1998, Swedish scientists (Erikkson, 1998) 

demonstrated that new neurons were produced in the hippocampus of humans. 

 

 

 

 

 

                                                                                       https://www.google.com/search?q=hippocampus&tbm 
 

The position of the Hippocampus in relation to the brainstem 
  

https://www.google.com/search?q=hippocampus&tbm
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Over the last fifteen years, studies that support the theory of plasticity in the brain, a theory called 

“Neuroplasticity”, have been published at an exponential rate and in conjunction with “Stem cell 

research” have now become an accepted area of biological science. One intriguing study showed that 

the hippocampus (in the temporal lobe) is larger in London taxi drivers than in London bus drivers 

(Maguire, Woollett, & Spiers, 2006), due to the extra brain stimulation that is required for taxi drivers 

navigating untravelled routes.   

Neuroplastic changes have been shown to occur in musicians brains compared to non-musicians. In a 

study (Gaser & Schlaug, 2003) of professional musicians (who practice at least 1 hour per day), it was 

found that the anatomy of their brains were different to amateur musicians and non-musicians. They 

found that in motor regions, anterior superior parietal areas and inferior temporal areas, the volume 

of cortex was highest in professional musicians, intermediate in amateur musicians, and lowest in non-

musicians!  

 

 

 

 

 

 

 

  Some of the brain areas that have been found to be enlarged in professional  
  musicians (Münte, 2002). Red, primary motor cortex; yellow, planum   
  temporale; orange, anterior part of corpus callosum. 
 

 

(ii)  The Science behind Neuroplasticity  

The common saying ‘practice makes perfect’ has actually been scientifically supported in recent 

studies and expounded by the international speaker Malcolm Gladwell (2008) who has popularised the 

research that expertise developed over “10,000 hours” of deliberate practice.  When we learn a new 

skill, such as throwing a discus for the first time, we are changing how your brain is wired. To perform 

any kind of task, we have to activate various portions of our brain. Our brains coordinate a complex 

set of actions involving our motor function, visual and audio processing, verbal language skills and 

more. At first, our skill level is quite low as we attempt to coordinate all the different features of 

releasing a discus. But as we practice, it gets smoother and feels more natural and comfortable. When 

we practice, we are helping the brain to optimise for this set of coordinated actions, through a process 

called myelination. 
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                                     http://theteenbrain.bravehost.com/myelination.jpg 

 
 Myelination is the process by which the fatty tissue, myelin, wraps itself around  
 the axon chains that connect one neuron’s dendrite to the next neuron’s dendrite.  
 The denser the myelin, the faster nerve signals pass from neuron to neuron.  
 Studies have shown that the density of the myelin is proportional to the amount  
 of practice that is done. 
 

 
Neurons, which are the basic cellular building blocks of the brain, are made up of dendrites, which 
receive signals from other neurons, the cell body, which processes those signals and the axon, a long 
“cable” that reaches out and attaches itself with other neuron’s dendrites. When different parts of the 
brain communicate and coordinate with each other, they send nerve impulses that travel down the 
axon of a neuron, eventually reaching the next neuron in the chain.  
 
These neurons are mainly grey in colour and they are responsible for the “grey matter” appearance of 
the brain. The “white matter” is the fatty tissue, myelin, covering the axon chains, joining each neuron.  

 

 

 

 

 

 

 

 

 Cross-section of the brain showing the general location of grey and white matter   
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Scientists have found that myelination increases the speed and strength of the nerve impulses by 
forcing the electric charge to jump across the myelin sheath to the next open spot on the axon 
(Hartline, 20007). Helical or concentrically wrapped layers of insulating myelin fibres speed up the 
conduction of electrical impulses, as demonstrated in the graph below.  

 

 

 

 

 

 

 

http://upload.wikimedia.org/wikipedia/commons/4        http://antranik.org/wp-content/uploads/2012/04/ 
/4a/Conduction_velocity_and_myelination.png    conduction-in-a-myelinated-nerve-fiber-saltatory-
       conduction.jpg?7ed0a5 
 

Myelination allows saltatory conduction to occur and it is this process which speeds up the velocity of 

conduction. The mechanism of salutatory conduction is as follows (Chudler, 2011): Myelin, wraps 

around axons and helps electrical current flow down the axon. Myelin acts just like wrapping tape 

around a leaky water hose which helps water flow down the hose. Myelin insulation does not cover 

the entire axon. Rather there are breaks in the wrapping. These breaks are called nodes of Ranvier. 

The distance between these nodes is between 0.2 and 2 mm. Action potentials traveling down the 

axon "jump" from node to node. This is called saltatory conduction which means "to leap." Saltatory 

conduction is a faster way to travel down an axon than traveling in an axon without myelin.  

In summary, myelination speeds up the velocity of the conduction of nerve impulses, through the 

mechanism of salutatory conduction. As repetitive practice of a particular activity builds up the 

density of myelin, in the respective area of the brain, practice scientifically increases the processing 

speed for that particular activity. Hence long-term auditory stimulation from a specific range of 

frequencies, such as those produced by a flute, should result in beneficial changes in the response of 

the respective area of the brain that processes these frequencies. 

 

(iii)  Rewiring the brain 

As well as increasing the processing speed of the brain, repetitive auditory stimulation can alter the 

plasticity of the brain through a reorganising of the neural pathways in the brain. A study which 

involved the rearing of rats in both complex and simple environments (Anderson, 1994) showed an 

http://upload.wikimedia.org/wikipedia/commons/4
http://antranik.org/wp-content/uploads/2012/04/
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                                                                http://pulpbits.com/wp-content/uploads/2013/12/neurons-synapse-pictures.jpg 

A neuron, showing the location of extra synapses 

 

increase in the number of synapses per neuron for the rats that were raised in the more complex 

environment. Synapses are connections between neurons through which "information" flows from 

one neuron to another. Polat (1994) describes how neurons are arranged topographically with their 

connecting masks (synapses) in corresponding positions. When activated by an external stimulus (such 

as an auditory tone), there is a response of each mask to link up with adjacent masks within a distance 

of 0.4 nm. This reorganisation of neural pathways is one of many mechanisms that help explain how 

neuroplasticity is thought to work when areas of the brain are subjected to repetitive long-term 

stimulation. 

 

(iv)  Can auditory stimulation increase the sensitivity of a person’s hearing in the short-term? 

The other focus of this study is to investigate whether a person’s hearing can become more sensitive 

to particular frequencies in the short-term. It is well-known that different parts of the human eye, 

physically change their shape and orientation to accommodate changes in brightness and focal length. 

In the same way, does the internal shape of the ear change in response to temporary auditory 

stimulation and if so, is this change in sensitivity measurable?  Background research has not revealed 

any reliable source that supports my hypothesis that short-term exposure to a targeted frequency 

would temporarily increase the sensitivity of the ear to that frequency. I just have this sixth sense that 

components of the middle and inner ear will slightly configure themselves to accommodate the 

repetitive auditory tone that is being played. 

One less-reliable source that is relevant to this short-term aspect of my research is a hearing- 

perception improvement method known as “Sound Therapy” and it was developed by Dr Tomatis, a 

French ear, nose and throat physician over 50 years ago. This method is centred on stimulating the 

cilia and exercising the muscles attached to the stirrup, hammer and anvil bones in the middle ear.  By  
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producing continual sound of fluctuating pitch to the ear canal, it is claimed by Dr Tomatis, that the 

constant high and low frequencies causes the muscles to tense and relax and restore muscle tone, 

thus improving hearing (Corbett, 2008). The stimulating of the cilia is done by playing low frequencies 

which in turn are replaced by high frequencies. This particular stimulation allows the person’s hearing 

to be restored in the high frequency pitch.  

Unlike neuroplasticity, which requires months and even years of repetitive stimulation, sound therapy 

is believed to get measurable results in weeks. The goal of my proposed clinical trial is to see whether 

you can detect a measurable change in the sensitivity of your hearing in just one day! 

 

(v)  Selection of sensitive audiometry tests 

To be able to detect any measurable change in a person’s hearing, the appropriate hearing tests need 

to be performed that are sensitive enough to detect subtle changes in the 250Hz to 8KHz region. In 

the search for a similar style study, the one that best replicated my proposed clinical test was a study 

conducted by a team of Belgium scientists (Vinck, 1999). They tested the hearing of subjects before 

and after being exposed to 1 hour of 90dB broadband white noise. They also tested subjects before 

and after being exposed to 5 hours of loud music at a discotheque. For my study the subjects will be 

listening to a 60dB tone for a total duration of 22 hours in a 24 hour period. The obvious difference 

between the two studies is the intensity of the auditory stimulus which is 30dB (or 1000x louder) for 

the 1999 study.  

Before testing they performed an otoscopy to check out the wax build-up and the general health of 

the ears of their subjects. They then performed a standard pure-tone audiometry test which is the test 

adopted for most standard hearing test, where the cross represents the left ear and the circle, the 

right ear. 

 

 

 

 

 

 

 

 

Typical pure tone audiogram for a person with good to mild 

hearing, with a slight hearing drop at the 4KHz region.   
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Vinck et.al. (1999) also used a method of testing called using otoacoustic emissions. Otoacoustic 

emissions (OAEs) are sounds that are believed to be generated in the outer hair cells of the cochlea 

and which can be detected in the external auditory canal. Degeneration in the outer hair cells result in 

a decreased level of OAEs. The researchers aim was to evaluate the sensitivity and applicability of OAE 

measurement for the detection of hearing changes when subjected to the 1 hour 90dB broadband 

white noise and the 5 hour loud music at the discotheque.  

To measure OAE’s they used two different OAE methods: TEOAEs and DPOAEs. The transient evoked 

otoacoustic emissions (TEOAE) involves the input of a 70dB rectangular pulse and the OAE response to 

this pulse is measured using an analyser. For  DPOAEs, two tones at the primary frequencies are 

generated, mixed acoustically and then delivered to the ear canal using the foam tip, shown below:  

 

 

 

 

                                                                          http://ds5cvxtqu2rt0.cloudfront.net/media/catalog/product/cache/1/image/ 

Typical equipment used to detect distortion product otoacoustic emissions 

 

 

Vinck and his associates found that for the 4 kHz frequency band, the TEOAEs exhibited the greatest 

sensitivity, while DPOAEs showed the overall greatest sensitivity for the 2 kHz to 5.5 kHz range. They 

found that initially there was a general hearing drop in the 2 kHz to 5.5 kHZ range, which then 

recovered to initial levels 6 hours later. 

 

With the smaller stimulus of a 60dB tone, I don’t expect to get the same level of temporary hearing 

loss, however, the DPOAE seems to be the most appropriate method of detecting any subtle change. 

OAE technology also has the advantage of being totally objective. It is simply inserted into the ear and 

it generates and records the echo effect of the outer cell cells. Pure tone audiometry is very 

subjective, on the other hand, with the subject having to click a button when they can hear a tone. 

 

So for the clinical trial, I will be using the Pure Tone Audiometry (PTA) and Distortion Product 

Otoacoustic Emission (DPOAE) hearing tests based on this 1999 study and recommendations by 

audiologists from Macquarie University. 

 

  

http://ds5cvxtqu2rt0.cloudfront.net/media/catalog/product/cache/1/image/
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5. Hypothesis 

Due to the repeated and long-term exposure of flute and violin players to high frequencies and the 

subsequent neuroplasticity in the brain’s sensory cortices to create extra neuron pathways as a result 

of this “training”, I will be anticipating a greater measureable sensitivity in the hearing of these flute 

and violin players.  

For the subjects who will be exposed to short-term but targeted acoustic stimulations, I will be 

expecting a temporary improvement in the frequency region of that tone due to the middle and inner 

ear making slight physical adjustments when subjected to 22 hours of this tone. 

I believe it is therefore possible to improve the hearing of a person both in the short-term and long-

term by the targeted use of auditory stimulation. 

 

 

 

6. Experimental Overview 

For the purposes of measuring the long-term effects of auditory stimulation, I will be replicating an 

experiment I performed six years ago. In Experiment 1, I will be measuring the highest frequency that 

a subject can hear. Many of these subjects are the same subjects who were tested six years ago, giving 

me the opportunity of developing a longitudinal study. Each subject will have their musical experience 

recorded and an auditory comparison will be made based on the type of instrument that they most 

frequently play. 

For the purposes of measuring the short-term effects of auditory stimulation, a number of subjects 

will be selected who have a definite drop in their hearing. In Experiment 2, these subjects will be 

exposed to a 60dB tone for a total time of 150 minutes, at a frequency of their point of greatest 

hearing deficiency. To measure any temporary effect on their hearing, each subject will have both a 

pure tone audiometry (PTA) test and a distortion product otoacoustic emission (DPOAE) test 

performed before and after listening to the tone. This clinical trial will involve 3 control subjects, who 

are blind to the audiologists and the other subjects, who will have both hearing tests but will not listen 

to any 60dB tone. The results of the initial hearing tests will also be kept hidden from the subjects and 

the audiologists who will be conducting the final hearing tests. 
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7. Experiment 1:  Measuring the Effect of Long-Term 

    Auditory Stimulation 

7.1 Background  

In 2008 when I was in Year 4, I conducted an extensive study of 179 subjects to determine the highest 

frequency that they could hear using the sine wave from TrueRTA software. Although it showed that 

people who played higher register instruments such as flutes and violins could hear much higher 

frequencies, it was limited for my sample was only 6 subjects. In this replicated experiment, I will be 

expanding my flutes and violins sample space and I will be testing as many of the same subjects as 

possible to see how their high frequency sensitivity has changed and how their exposure to different 

levels and duration of auditory stimulation has affected their hearing 

 

 

 

 

 

            In 2008, I was in Year 4 testing my little sister. Six years on, Victoria is now in Year 4. 

Of particular interest will be subjects who were non-musicians six years ago and now play an 

instrument, hopefully the flute or violin. I have hypothesised that their sensitivity to high frequencies 

may increase, which goes against the general trend of hearing deterioration with increasing age. 

 

7.2 Risk Assessment 

 All subjects will receive a consent form that has been passed by my school’s ethics committee, 

which declares this experiment as minimal risk (see Data Folder).  

 Subjects will listen to some, low energy, high-pitched tones. These can be annoying, but they won’t 

be loud enough to cause irritation. If subjects report discomfort then the testing will stop. 

 Subjects details will remain confidential and anonymous with codes being used in all reporting.  
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7.3 Experimental Variables  

Independent Variable: Frequency of tone 

Dependent Variable: Whether the subject can perceive the tone 

Controlled Variables:  

 Same computer used for each test 

 Computer speakers set to same volume 

 Sine wave setting used for each trial 

 Subjects to be 2 metres away from testing computer 

 Room to remain quiet during testing 

 Same operator for each trial (myself) 
 

Other factors to increase reliability: 

 Triplicates will be performed for each subject – at least 10 minutes apart 

 Computer screen to be facing away from subject so they don’t know when tone is played 

 Operator to play a few “false starts” to make sure subjects aren’t guessing 

 Operator must not look at prior results for each subject when completing triplicates 

 Operator to keep an expressionless face 
 
 
 

7.4 Method 

Before Testing  

1. Download TrueRTA frequency generator from the internet 

2. Test that your own computer can run this program and has speakers that can send out a 

frequency that is higher than what you can hear  

3. Set up a table in your logbook with the following headings for each column: 

 Subject number 

 Name (In code form) 

 Highest Frequency Heard (Hz) - Test 1 

 Highest Frequency Heard (Hz) - Test 2 

 Highest Frequency Heard (Hz) - Test 3 

 Average  

 Test Day 1 

 Test Time 1 

 Test Day 2 

 Test Time 2 

 Test Day 3 

 Test Time 3 

 What instruments have you played in the last 5 years? 

 Extra Comments 
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Testing Each Subject 

4. Ask subject to sign consent form so they can take part 

in the experiment 

5. Obtain recent musical experience details from each 

subject 

6. Have the subject sit approximately 2 metres away 

from the laptop that will play the different frequencies 

7. Set the frequency generator to 15000Hz and adjust 

the computer volume to a moderate level. Ask 

everybody in the room to remain quiet while the test 

is in progress. 

8. Turn the On/Off button to On and ask the subject if 

they can hear the tone. Once they hear the tone, turn 

it off straight away.  

9. If they can hear it easily, raise the frequency to 

16000Hz and repeat Step 7. If they can’t hear it then 

go down by 1000Hz to 14000Hz 

10. If they can still hear it easily, keep on increasing the 

frequency by 1000Hz. If they can still hear it go down 

by 1000Hz increments. 

11. When it becomes fainter increase or decrease the frequency by 100Hz until they can’t hear it 

anymore. Write the highest frequency heard into your logbook.  

12. Thank the subject and tell them that you would like to test them on two further occasions so 

you have a triplicate of results. Inform them that it will be at different times to see whether 

people hear differently during the day or at night. Subjects can be retested on the same day, 

but there must be a 10 minute break between tests. 

13. Test another subject and try and test as many subjects as possible. Also try to test each 

subject 3 times. If one of the three times is not consistent with the other two results, it may be 

necessary to test them a fourth time. After you have completed 3 comparable tests, calculate 

the average of all the three results.  

 

Recording Results 

14. Record results in Microsoft Excel spreadsheet. 

15. Sort subjects into respective musical experiences 

 Bass/Drums/Guitars 

 No Instruments 

 Piano 

 Flutes/Violins 

  16. Complete a scattergram of all the data and compare results with 2008 to validate both sets 

 of data. 

  17. Construct box and whiskers plots for both the 2008 and 2014 sets of data. 

  18. Analyse any trends and statistical differences. 

  19.  Complete a table of just those subjects who were tested in both 2008 and 2014.  

  20. Analyse any trends of this longitudinal study. 
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7.5 Results 

Table 7.1:  Highest frequency heard by 200 subjects for 2014, compared with musical experience and 
frequency results for 2008. Subjects are arranged in similar 2014 musical experience 

 

Subject  Name M/F Age 
Av. Freq 

2014 
Av. Freq 

2008 
Instruments 2014 

Instruments 
2008 

Change 
2008 to 

2014  

125 RBH29 M 29 14800 17030 Bass Guitar Bass Guitar -2230 

187 MBC27 M 27 15700 17270 Bass Guitar Bass Guitar -1570 

82 SBC16 M 16 18900   Bass Guitar Bass Guitar   

118 IBC59 M 59 11600   Bass/Piano Bass Guitar   

52 KGG14 F 14 18000 20200 Bassoon/Piano Piano -2200 

74 ABN15 M 15 18800   Brass/Saxophone     

43 LBS14 M 14 18200 19630 Brass/Saxophone Piano -1430 

113 CBJ34 M 34 18600 19170 Brass/Saxophone Saxophone -570 

197 GBF39 M 39 16000 16930 Brass/Saxophone Saxophone -930 

138 PBG18 M 18 15000 18730 Brass/Trombone Trombone -3730 

44 ABB13 M 13 17400 17900 Brass/Trumpet Nil -500 

193 GBT33 M 33 15900 16750 Brass/Trumpet Trumpet -850 

83 NBB16 M 16 18000   Drums     

84 JBF14 M 14 18300   Drums     

92 JBR15 M 15 19300   Drums     

93 JBR16 M 16 17300   Drums/ Bass     

79 MBL15 M 15 16200   Drums/ Guitar     

80 NBS15 M 15 18200   Drums/ Piano     

62 JBP19 M 19 16000 17000 Drums/Bass   -1000 

98 DBL15 M 15 19800   Drums/Guitar     

119 CBC22 M 22 14400 16650 Drums/Piano Drums -2250 

87 JBB15 M 15 19900   Drums/Piano     

23 ABB17 M 17 17800 18570 Electric Guitar Piano -770 

16 MBB22 M 22 14800 15930 Electric Guitar Guitar -1130 

15 JBS13 M 13 16900   Guitar     

70 MGD15 F 15 20500   Guitar     

73 TBF16 M 16 19800   Guitar     

75 JBH15 M 15 16000   Guitar     

145 BGM15 F 15 16700   Guitar     

149 KBS47 M 47 11300 13430 Guitar Guitar -2130 

177 SGD16 F 16 16000   Guitar     

182 LGF50 F 50 13000   Guitar     
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Subject  Name M/F Age 
Av. Freq 

2014 
Av. Freq 

2008 
Instruments 2014 

Instruments 
2008 

Change 
2008 to 

2014  

13 JBB23 M 23 16400   Guitar      

65 BGA15 F 15 20800   Guitar, Piano     

72 CBM16 M 16 18500   Guitar, Piano     

95 SBT14 M 14 18900   Guitar     

63 DBP18 M 18 18300 18800 Guitar/Drums Piano -500 

78 LBS15 M 15 18800   Guitar     

132 ABB47 M 47 14600 15700 Guitar/Madalin Guitar -1100 

86 JBS14 M 14 16600   Guitar/Piano     

88 DBK14 M 14 20700   Guitar/Piano     

170 SBC27 M 27 16000 17470 Guitar/Piano Guitar   

126 LGH27 F 27 14500   Guitar/Piano     

19 IBC25 M 25 16000 17670 Guitar/Piano Piano -1670 

35 EBG11 M 11 18600 19200 Guitar/Piano Nil -600 

37 AGB14 F 14 19400 20000 Guitar/Piano Piano -600 

42 GBB09 M 9 18700 19900 Guitar/Piano Nil -1200 

55 BBG18 M 18 15500 17900 Guitar/Piano Piano -2400 

60 BGP17 F 17 16900 18050 Guitar/Piano   -1150 

160 MGA17 F 17 18100   Guitar/Piano     

123 JBB29 M 29 13600 14370 Guitar/Piano Guitar -770 

9 NBB18 M 18 18000 18600 Guitar Guitar   

77 PGL16 F 16 19700   Guitar/Ukelele     

85 KBS15 M 15 16600   Guitar/Ukelele     

1 HGR33 F 33 15300 17550 Nil Nil -2250 

5 LGC52 F 52 10800 13870 Nil Nil -3070 

6 JBC55 M 55 8500 10000 Nil Nil -1500 

7 CGW49 F 49 13700 14400 Nil Nil -700 

12 DGG53 F 53 14600 16070 Nil Nil -1470 

14 CBT18 M 18 17200   Nil     

17 GBJ43 M 43 14000 14250 Nil Nil -250 

24 KGB51 F 51 12300 13770 Nil Nil -1470 

25 NGB82 F 82 5900 7430 Nil Nil -1530 

30 TBJ44 M 44 15400 17030 Nil Nil -1630 

32 FGJ44 F 44 15000 16130 Nil Nil -1130 

46 DBR29 M 29 16900 17830 Nil Piano -930 

53 JGS52 F 52 13900 14900 Nil Nil -1000 

54 MGS74 F 74 10500 11930 Nil Nil -1430 
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Subject Name M/F Age 
Av. Freq 

2014 
Av. Freq 

2008 
Instruments 2014 

Instruments 
2008 

Change 
2008 to 

2014  

56 GBS74 M 74 10400 12830 Nil Nil -2430 

57 BBG46 M 46 11300 13930 Nil Nil -2630 

58 DGP50 F 50 10400 13000 Nil Nil -2600 

76 JBL17 M 17 19700   Nil     

99 ABK17 M 17 19100   Nil     

100 ABP53 M 53 13800 14230 Nil Nil -430 

101 HGN70 F 70 10600   Nil     

102 HGM64 F 64 11300 12330 Nil Nil -1030 

103 KBH78 M 78 6100 8450 Nil Nil -2350 

104 EGH75 F 75 4600 6200 Nil Nil -1600 

105 GGB72 F 72 8500 12400 Nil Nil -3900 

106 JBB78 M 78 7300 9200 Nil Nil -1900 

107 DBB52 M 52 10800 12400 Nil Nil -1600 

108 KGB51 F 51 12300 13500 Nil Nil -1200 

109 CGM56 F 56 10600 13900 Nil Nil -3300 

111 LGG50 F 50 13900 14600 Nil Nil -700 

115 NGM18 F 18 14800   Nil     

117 KGC56 F 56 13400 14750 Nil Nil -1350 

120 SBG49 M 49 12000 13570 Nil Nil -1570 

121 BGG79 F 79 8800 10330 Nil Nil -1530 

124 LGB33 F 33 15000 16130 Nil Nil -1130 

127 JGM82 F 82 8000 9330 Nil Nil -1330 

128 SGJ57 F 57 12400 14270 Nil Nil -1870 

129 FGG48 F 48 11700 13430 Nil Nil -1730 

130 EGC80 F 80 8800 10130 Nil Piano -1330 

131 LGB40 F 40 13900 14470 Nil Nil -570 

134 EGB07 F 7 18600   Nil     

135 RGB43 F 43 14500 15500 Nil Nil -1000 

137 IGB09 F 9 18000 19500 Nil Nil -1500 

152 AGF04 F 4 20900   Nil     

153 EGI14 F 14 13800   Nil     

157 FGS36 F 36 12600 15000 Nil Nil -2400 

158 BGD61 F 61 10500 12070 Nil Nil -1570 

162 JGA09 F 9 20300   Nil     

163 BGA10 F 10 19800   Nil     

164 AGA43 F 43 13000   Nil     
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Subject  Name M/F Age 
Av. Freq 

2014 
Av. Freq 

2008 
Instruments 2014 

Instruments 
2008 

Change 
2008 to 

2014  

166 RGW70 F 70 12700 13050 Nil Nil -350 

167 SGC26 F 26 18800   Nil     

168 HGJ68 F 68 11400 13800 Nil Nil -2400 

169 FGW56 F 56 11800 12700 Nil Nil -900 

172 SBL27 M 27 15900   Nil     

173 TBM80 M 80 8700 11900 Nil Nil -3200 

174 MGM79 M 79 8800 10660 Nil Nil -1860 

176 BGS70 F 70 13500   Nil     

179 MGP76 F 76 4700 6870 Nil Nil -2170 

180 KGB50 F 50 11100 13000 Nil Nil -1900 

181 MGW81 F 81 11600   Nil     

184 RGT67 F 67 8900 11350 Nil Nil -2450 

185 RBT69 M 69 6300 10250 Nil Nil -3950 

186 JBY81 M 81 12400   Nil     

189 KGM42 F 42 15200 17450 Nil Nil -2250 

190 MBS76 M 76 7300 9100 Nil Nil -1800 

191 EGS72 F 72 11800 12400 Nil Nil -600 

194 LBT03 M 3 19300   Nil     

195 SGA10 F 10 17700   Nil     

196 RBO60 M 60 13300   Nil     

198 NGX31 F 31 17300   Nil     

199 RBB55 M 55 11600 13250 Nil Nil -1650 

200 BGB57 F 57 11200 12300 Nil Nil -1100 

192 VGT32 F 32 15200 18250 Nil Flute -3050 

114 EGJ05 F 5 19900   Nil     

96 KBT14 M 14 17400   Nil      

143 SBP50 M 50 11500 13400 Bagpipes Bagpipes -1900 

116 RGJ43 F 43 14900 15830 Cello/Piano Cello/Piano -930 

159 TGA16 F 16 17500   Piano     

4 CGC18 F 18 14900 15270 Piano Piano -370 

18 GBS14 M 14 16000   Piano     

22 CBB15 M 15 19500 20100 Piano Piano -600 

26 KGJ16 F 16 18300 18730 Piano Piano -430 

27 RGJ13 F 13 19200 18470 Piano Nil 730 

29 LGG16 F 16 18800 19900 Piano Piano -1100 

34 SGJ11 F 11 19800 20870 Piano Piano -1070 
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Subject  Name M/F Age 
Av. Freq 

2014 
Av. Freq 

2008 
Instruments 2014 

Instruments 
2008 

Change 
2008 to 

2014  

38 EGB10 F 10 19200 19830 Piano Nil -630 

39 JGR34 F 34 15700 16630 Piano Piano -930 

41 ABB06 M 6 18000   Piano     

45 LBB15 M 15 16100 15600 Piano Nil 500 

59 MGP14 F 14 16200 19900 Piano Piano -3700 

61 JBP23 M 23 16900 18000 Piano Piano -1100 

64 BGH15 F 15 19400   Piano     

69 HGW15 F 15 20000   Piano     

89 ABT14 M 14 20100   Piano     

97 MBP15 M 15 18400   Piano     

110 KGG10 F 10 20700 20270 Piano Nil 430 

112 MGJ33 F 33 16800 18470 Piano Piano -1670 

122 RBG14 M 14 16800 19770 Piano Nil -2970 

133 RGB12 F 12 15000   Piano     

136 MGO14 F 14 19000   Piano     

141 EGP11 F 11 17700 19800 Piano Nil -2100 

150 CBF09 M 9 18500   Piano     

151 JBF07 M 7 18800   Piano     

155 MGA14 F 14 17700   Piano     

156 CGK14 F 14 19500   Piano     

161 BGA11 F 11 19400   Piano     

165 ABA13 M 13 18000   Piano     

183 EGF19 F 19 17200   Piano     

48 EGP21 F 21 16100 16570 Piano/Cello   -470 

49 MGB20 F 20 19400 18200 Piano/Clarinet Piano 1200 

142 TGP42 F 42 15400 16000 Piano/Clarinet Piano/Clarinet -600 

3 AGC21 F 21 16700 17930 Piano/Clarinet Clarinet -1230 

139 EGC24 F 24 15300 18470 Piano/Clarinet Synth -3170 

171 TBB22 M 22 16300 17170 Piano/Dolcimmer   -870 

154 TBD15 M 15 18400   Piano/Drums      

71 IBG15 M 15 18400 19900 Piano Piano -1500 

144 JBP14 M 14 19000   Piano     

178 BBY15 M 15 20200   Piano/Guitar     

8 MBJ17 M 17 17500 19030 Piano/Guitar Piano   

175 #REF! M 59 8500   Piano/Madalin     
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A total of 200 subjects took part in this replicated experiment. The sample size of the flute and violin 

players, shown directly above, is a respectable 18. For the purposes of a longitudinal study, the recent 

musical experience of each subject was recorded and the difference in their hearing sensitivity to high 

frequencies from 2008 to 2014 is calculated in the final column. Of the 200 subjects, 8 subjects went 

against the usual trend of hearing deterioration with age by actually having an improvement in their 

hearing. It was significant that all 8 subjects who had an improvement in their sensitivity to high 

frequencies took up an instrument during the interim period. 3 of these subjects took up the learning 

of the piano, 1 has started playing the clarinet, 3 has started playing the violin and the remaining 

subject has commenced playing the flute.   

Subject  Name M/F Age 
Av. Freq 

2014 
Av. Freq 

2008 
Instruments 2014 

Instruments 
2008 

Change 
2008 to 

2014  

28 GGJ14 F 14 18600 18670 Piano/Oboe Piano -70 

146 AGM15 F 15 17800   Piano/Oboe     

11 ABG11 M 11 18200 20300 Piano/Recorder Piano -2100 

20 TBB17 M 17 17700 18630 Piano/Recorder Piano -930 

51 DGG07 F 7 19700   Piano/Recorder     

188 BGC66 F 66 11400 13700 Piano/Recorder Piano -2300 

31 GGG14 F 14 17900 18300 Piano/Ukelel Piano -400 

2 MGC23 F 23 16500 17670 Viola/Piano Piano -1170 

68 CGH15 F 15 19800   Violin     

148 VGS39 F 39 13700 15700 Violin   -2000 

67 SGO15 F 15 18500   Violin, Flute     

66 OGY15 F 15 18300   Violin, Flute     

10 JBL18 M 18 17200   Violin/Guitar     

36 VGG09 F 9 19500 19100 Violin/Piano Nil 400 

140 MGP13 F 13 18800 20300 Violin/Piano Piano -1500 

94 JBY15 M 15 20200   Violin/Piano     

21 JBB19 M 19 19000 18970 Violin/Piano Nil 30 

91 CBT15 M 15 16900   Violin/Piano     

40 LGF34 F 34 18700 18200 Violin/Piano Piano 500 

81 DBA15 M 15 16800   Violin/Ukelele     

147 CGO18 F 18 18300   Flute     

90 EGU16 F 16 20300   Flute      

33 AGG16 F 16 18700 19170 Flute/Piano Piano -470 

47 KGP25 F 25 17500 15400 Flute/Piano Piano 2100 

50 KGG45 F 45 17330 19100 Flute/Recorder Flute -1770 
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The first test to verify the reproducibility of results is to compare the scatter graphs for both 2008 (179 

subjects) and 2014 (200 subjects).  

Graphs 7.1 & 7.2  Distribution of highest frequency perceived vs age for 2008 and 2014 

 

 

 

 

 

 

 

 

Graph 7.3  Combined distribution of highest frequency perceived vs age for 2008 and 2014 
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Comparison of 2014 instrument players’ sensitivity to high-frequency tones

The second test for validity is to compare the interquartile spread of each acoustic stimulation 

 

Graph 7.4  Comparison of 2008 Instrument Player’s Sensitivity to High-Frequency Tones 
 

 

 

 

 

 

 

 

 

 

Graph 7.5  Comparison of 2014 Instrument Player’s Sensitivity to High-Frequency Tones 
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7.6 Discussion 

 

Reliability of Results  

The correlation in the distribution of data for 2008 (Graph 7.1) and 2014 (Graph 7.2) was effectively 

demonstrated in the combined graph (Graph 7.3). Even the linear trendlines are almost identical 

which verifies the validity of my 2008 experiment which I performed when I was in Year 4. The other 

interesting aspect in relation to the measurements is that there was little variation between the 

triplicate trials. Most were within 200Hz of each other which supports the excellent precision of the 

testing method and equipment.  

 

Generation of Box and Whiskers Plots 

The zero reference points in the box and whiskers plots in Graphs 7.4 and 7.5 are the data points that 

lie directly on the trendline in Graph 7.1 and 7.2 respectively. For instance, for Graph 7.2 the equation 

of the trendline is                      where x is the age of the subject and y is the normal 

highest frequency they can hear for their age, based on the 2014 data. So a typical 25 year-old should 

be able to hear 16,580 Hz. If Subject KGP25, who is 25 years old, can hear 17,500 Hz then he/she will 

be 920 Hz above the normal reference point. By copying this equation for the remainder of the 

spreadsheet, the data for the box and whiskers plots, Graphs 7.5 and 7.6, were obtained. At this point 

I would like to thank my Maths teacher who showed our class how to generate and construct these 

box and whiskers plots, specifically for our science projects. 

The final attribute of each whisker is that they don’t show the top and bottom 10%. This prevents the 

few outliers from extending the whiskers to amounts that are not representative of the general 

distribution. Once again, my Maths teacher showed me how (=PERCENTILE(L56:L131,0.1)) calculates 

the value for the bottom 10% percentile for the data range given and (=PERCENTILE(L56:L131,0.9)) 

calculates the value for the top 90% percentile for the given data range. 

 

Analysis of the 2008 and 2014 Box and Whiskers Plots 

Both box and whiskers plots show clearly that those who play violins or flutes have a sensitivity to high 

frequencies well above the other groups. The median value for 2014 was 650 Hz above the normal 

hearing for their age and in 2008, the median value was 1024 Hz above the normal hearing level. The 

maximum for any other group was only 100 Hz above normal for piano players in the 2008 set of data.  

The other significant finding was that musicians, in general, have a greater sensitivity to high 

frequencies than non-musicians. This is especially apparent in the 2014 set of data, which has a 

greater representation of musicians (62%). The median level for non-musicians in the 2014 set of data 

was 323 Hz below the normal hearing level. This finding, once again, supports the neural plasticity 

theory that repetitive long-term auditory stimulation to the brain’s cortex can actually increase a 

person’s ability to hear targeted frequencies. 
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Analysis of the 2008 to 2014 Longitudinal Study 

The number of subjects who participated in both studies was a statistically significant 118. As already 

mentioned 110 of these subjects displayed a predicted deterioration (mean drop of 1520 Hz) of their 

hearing sensitivity to high frequencies. The other 8 subjects experienced an increase in their hearing 

sensitivity (mean increase of 740 Hz) which can be attributed to their increased levels of “auditory 

training”. From the table that specifically compares these 118 subjects (see logbook), a scatter graph 

has been generated that shows the general distribution of these changes in hearing for all these 118 

subjects. 

Graph 7.6:  Longitudinal Change in High-Frequency Sensitivity from 2008 to 2014 

 

 

One shortfall of this comparison is portrayed in this 

adjacent graph of the 2014 distribution. The circled 

subject is a flute player and flute teacher who can 

hear frequencies well above other subjects for her 

age. On the above longitudinal graph she has 

dropped by 1770 Hz since 2008. Even so, her hearing 

is still well above the levels of normal hearing for she 

had remarkable hearing in 2008 as she has been 

playing the flute for close to 30 years, another 

example of “auditory training”.  
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8. Experiment 2:  Measuring the Effect of Short-Term 

    Auditory Stimulation 

8.1 Background 

Now that I have shown convincing evidence that long-term auditory stimulation can increase the 

sensitivity of a person’s hearing I now want to know if it is possible to improve the sensitivity of 

someone’s hearing in the short term. If this is possible then it would be quite revolutionary as people 

with a hearing deficiency could be assisted. For instance, if someone with a hearing deficiency has a 

carer, you could loop a typical tone of the carer’s voice to them while they slept and the next day or in 

a few days, they could be more sensitive to their carer’s voice. 

To have any hope of measuring any change of hearing perception, I will have to use sensitive 

audiometry equipment and measure the hearing of a subject before and after they have been 

subjected to a tone of a specified frequency. I had arranged to have the testing carried out at a local 

hearing-impaired school which had an audiometer but that fell through as the audiologist ended up 

being too busy. My father tracked down an audiologist, Narelle Murray, that he previously knew but 

she has since retired and was unable to perform the tests but she did give us the name of a lady from 

Macquarie University, Catherine McMahon, who might be able to help. Catherine McMahon turned 

out to be an Associate Professor of Audiology at Macquarie University and vice President of Audiology 

Australia. Catherine was intrigued with my idea and immediately gave her approval for me to use their 

equipment and some of their Masters students to conduct the clinical testing at the state-of-the-art 

Australian Hearing Hub, at Macquarie University. 

To demonstrate a measurable increase in hearing sensitivity, I selected participants for the study who 

seemed to have a definite dip in their 250Hz – 8KHz frequency spectrum, the spectrum for human 

speech. This was achieved by using an online audiometry program which mapped a person’s 

audiogram, like the real thing. It was crude but still gave me some indication to which subjects would 

be suitable for this clinical trial. 

8.2 Risk Assessment 

I designed a consent form that had to be approved by my school’s ethics committee before I could 

conduct the clinical trial at Macquarie University. I also had to fill out the ISEF Research Institution 

Form that had to be signed by the supervisor of the clinical trial at Macquarie University. Any risk in 

the audiometry testing was minimal as subjects were purely receiving the common Pure Tone 

Audiometry (PTA) test and the Distortion Product Otoacoustic Emissions (DPOAE) test. The main risk 

for Experiment 2 was associated with listening to the pitched targeted tone for two one-hour and one 

half-hour periods in the 24 hour period between the two hearing tests. To minimise any risk to the 

subject’s hearing, I set the tone to a low energy 60dB, which is the loudness of human speech. 

Listening to the tone for one hour at a time would be more of a nuisance value, so I encouraged each 

subject to listen to the tone through headphones while they do their schoolwork, as each subject was 

associated with my school. 
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8.3 Experimental Variables 

(i)  Hearing Tests 

Independent Variable: Frequency of tone 

Dependent Variable: Whether the subject can perceive the tone 

Controlled Variables:  

 Used state-of-the-art soundproof rooms and audiometry equipment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The AC40, by Interacoustics, is an advanced clinical audiometer 
with high frequency capability 

 

 Used professional audiologists for the testing 

 Used ISO approved headphones 

 Testing performed at similar time on consecutive days 

 All audiometry equipment must pass regular inspections 
 

Other factors to increase reliability: 

 3 control subjects will be selected from the 12 subjects. These control subjects will have their 
hearing tested but will not listen to the tone. The identity of the control subjects will be blind 
to the audiologists and the other subjects 

 Subjects will not be able to see audiologists hands operating audiometry equipment 

 Audiologists must not look at prior results for each subject when completing second test 

 

(ii)  Listening to tone 

Independent Variable:  Point of hearing deficiency 

Dependent Variable: Generating a tone at that targeted frequency 
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Controlled Variables:  

 Used TrueRTA software for tone generator – free software loaded onto each subject’s 
computer or tablet 

 Each subject’s headphones were set to receive a 60dB tone 

 Subjects were to listen to tone for one hour on the night of the test, one hour on the following 
morning and half-hour before the second test 

 All audiometry equipment must pass regular inspections 
 

Other factors to increase reliability: 

 3 control subjects will be selected from the 12 subjects. These control subjects will have their 
hearing tested but will not listen to the tone. The identity of the control subjects will be blind 
to the audiologists and the other subjects 

 Subjects not to participate in activities that involve loud noises in period between testing  

 

8.4 Method 

(i) Selecting suitable candidates for clinical trial 

Calibrating online audiometric test 

1. Download online audiometric test and audiogram printout at 

http://myhearing test.net/ .  

2. Calibrate the volume of the computer by playing the rubbing hands 

calibration audio file, then remove headphones and rub your hands 

together in front of you quickly and firmly, producing the same sound.   

3. Adjust your computer's volume so that both levels match. Do not change 

your levels anymore during the rest of the hearing test.  

Listen to the individual test files 

4. In a silent environment, play back the individual hearing test files, 

column by column, starting from the top left corner file: move down 

until a tone becomes (barely) audible, then switch to the next column.  

5. Once you have navigated through all the columns, your subject’s 

audiogram is complete.  

Review the audiogram 

6. Their personal hearing thresholds will appear on the audiogram 

alongside. This graph is similar to what an audiologist's system would 

produce during a hearing test, and plots the softest sounds you can hear across the different 

frequencies tested, within the normal speech frequency range of 250Hz to 8KHz.  

7. Then press the → Review, Print, Save or Bookmark your Audiogram Here link.  

8. Review the audiograms of each of the subjects and select 20 subjects who have a definite dip 

in their frequency range. They will be asked to participate in the upcoming clinical trial. 
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(ii) Clinical Trial 

 Selecting final subjects 

 1.    The clinical trial has been scheduled on two consecutive afternoons between 3pm – 6pm, 14th 

  & 15th August at the Macquarie University Audiology Clinic. Subjects must be available to 

  attend on both afternoons. Consult 20 suitable candidates who have a definite dip in their 

  hearing frequency spectrum and select 12 who are able to participate and try to have a mix 

  of gender. 

 2.  Provide each subject with a consent form that outlines all the risks and steps to minimise 

  these risks and well as the procedure they will be following.  

 3.  Provide each subject with a map of the university and where the clinic is situated. 

Performing the first audiogram 

4. The audiologist will seat the subject on the opposite side of the desk with the audiometry 

 equipment. A few details such as name and birth date will be recorded.  

5. The audiologist will then perform an Otoscopy which will look inside the subject’s ear to see 

 if there is anything that might affect hearing e.g. ear wax 

 

 

 

 

 

 

 

 

 

 

An otoscope is used to check the condition of the ears 

 

6.  Then they test the air conduction called the Pure Tone Audiometry 

7.  Subject’s put on air conduction headphones so that the audiologists can test all frequencies 

 used to understanding speech 

8.  They will then set a frequency so they can begin to test 
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9.  The audiologist then starts at loudest level (which is the middle frequency) which people can 

 hear and then they work their way down getting softer and softer 

10.  They find their threshold for each frequency, the softest sound they can hear 

11.  Record on an audiogram for both the left ear and the right ear 

12.  Then the audiologist will ask each subject to sit still while they perform a Distortion Product 

 Otoacoustic Emission (DPOAE) for each ear. The subject will hear a series of clicks which will 

 test the level of response of the outer hair cells of the cochlea to these clicks  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Listening to the 60dB tone 

 13. Audiograms will be analysed for each subject and the frequency of the biggest dip will be the 

  frequency that each subject will be listening to 

 14.  3 subjects will be notified shortly after initial test that they will be the control subjects and 

  they are not to inform the others 

 15.  TrueRTA will have been loaded or will be loaded on each subject’s computer and they will be 

  instructed how to generate their pitch-targeted tone 

 16.  The settings of each subject’s headphones playing their respective tone will be standardised 

  to 60dB, using a decibel meter app 

 17.  Each subject will listen to tone for one hour on the first night, then one hour on the next 

  morning and half-hour before having their second hearing test 

 

Performing the first audiogram 

 18. Repeat steps 4 to 12 

 

 

Recording and analysing results 

 19. Compare audiogram data before and after listening to tone 

 20.  Compare DPOAE data before and after listening to each tone 
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8.5 Results 

All results are collated in the data folder, with just the results of one of the controls and two of the 

subjects who listened to the tone, shown below and on the following three pages: 

 

Graphs 8.1 & 8.2:  Audiogram before and after results for Control Subject SBP50 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Before 

After 
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Graphs 8.3 & 8.4:  Audiogram before and after results for Subject LGF34 
who listened to 8000 Hz tone for a total of 22 hours in a 24 hour period 

 

 

 

 

 

 

 

 

Graphs 8.5 & 8.6:  Audiogram before and after results for Subject BBG46 
who listened to 4000 Hz tone for a total of 22 hours in a 24 hour period 

 

 

 

 

 

 

 

For these audiograms that are represented above, the cross refers to the left ear while the circle 

represents the right ear. Tones are played at each of the six frequencies (250 Hz to 8000 Hz) in 

increments of 5dB, getting softer each time until the tone can’t be heard. A mark is recorded by the 

audiologist at the last tone that could be heard. It is important to note that 0 dB does not mean that 

there is no sound at all. It is simply the softest sound that a person with normal hearing ability would 

be able to detect at least 50% of the time. For each measurement there is a limit of uncertainty of 

around 5dB, mainly due to periodic fluctuations in sinus, wax and congestion levels.  

Before After 

After Before 
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Summary of Pure Tone Audiometry (PTA) Test Results 

12 subjects took part in the clinical trial with 9 listening to the pitched-directed tone in between the 

hearing tests and 3 being control subjects where they did not listen to any tone. One of the control 

subjects was unable to attend the second test, so the final results are now based on 11 subjects. 

 

Tables 8.1 & 8.2:  Audiogram levels for both ears for all subjects before listening to tones 

 

Left 250 500 1000 2000 4000 8000 

 

Right 250 500 1000 2000 4000 8000 

GBJ43 20 20 20 20 20 15 GBJ43 40 40 40 25 20 25 

VGS39 15 15 25 25 20 10 VGS39 15 15 20 35 25 20 

JBB19 10 10 0 5 10 5 JBB19 0 0 0 5 -5 5 

BBG46 5 5 0 0 25 10 BBG46 5 5 0 0 15 10 

SBG49 10 10 10 10 25 35 SBG49 10 10 5 0 5 15 

JBP19 5 5 10 10 -5 10 JBP19 10 10 0 5 5 15 

TBB22 0 -5 5 0 -10 0 TBB22 -5 0 0 -10 0 10 

LGF34 0 0 0 5 10 30 LGF34 0 5 0 5 10 10 

SBP50 5 10 5 20 20 30 SBP50 0 0 5 20 15 20 

JBB29 0 5 -5 -5 0 0 JBB29 0 0 -5 0 5 5 

LGB33 5 5 5 5 5 20 LGB33 10 5 0 5 0 15 

 

 

Tables 8.3 & 8.4:  Audiogram levels for both ears for all subjects after listening to tones 

 

Left 250 500 1000 2000 4000 8000 

 

Right 250 500 1000 2000 4000 8000 

GBJ43 20 25 30 20 20 25 GBJ43 40 45 45 25 25 45 

VGS39 20 20 25 30 20 10 VGS39 20 20 20 35 20 10 

JBB19 -5 -5 0 0 5 5 JBB19 -5 -5 -5 0 0 10 

BBG46 0 5 5 -5 25 15 BBG46 -5 -5 -5 -5 10 20 

SBG49 10 15 10 5 30 30 SBG49 5 5 0 0 5 20 

JBP19 5 5 0 15 5 20 JBP19 15 10 10 5 10 5 

TBB22 5 5 5 0 5 15 TBB22 5 5 5 0 0 15 

LGF34 0 0 -5 0 10 15 LGF34 0 0 0 -5 5 5 

SBP50 5 5 5 20 25 30 SBP50 0 0 0 20 15 20 

JBB29 0 5 0 0 15 0 JBB29 -5 0 0 5 5 20 

LGB33 5 10 5 10 10 20 LGB33 5 5 -5 0 0 15 
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To determine whether there was an increase or decrease in hearing sensitivity at a particular 

frequency, the following table shows the difference of a person’s hearing before and after the playing 

of the pitched-targeted tone for a total of 22 hours, during a 24 hour period. Table 8.5, for instance, is 

simply the difference of the values in Table 8.1 and Table 8.3.  

 

Tables 8.5 & 8.6:  Differences in Audiogram levels after listening to tones 

 

Of all the tables and graphs for this clinical trial, this set of two tables provides the clearest 

information on whether short-term auditory stimulation can improve the sensitivity of a person’s 

hearing. A positive number indicates that the person’s hearing improved for that particular frequency, 

while a negative meant that a person’s hearing decreased and a zero indicates no change. 

The 9 subjects in blue are the experimental group who listened to a pitched-targeted tone in between 

the two hearing tests. The subjects in pink are the control group who did not listen to a tone and 

hence should have hearing levels that should remain unchanged. This will be discussed later but for 

some reason one of the control group had the biggest fluctuation of everybody, while the other 

control subject had results which were predictable. 

The numbers in yellow, represent the changes in hearing for the specific frequency that the 60 dB tone 

was set to. For instance, the top subject GBJ43 was given a 1000 Hz tone to listen to for a total of 22 

hours and the subject’s audiogram results for that frequency showed a drop in sensitivity of 10dB in 

the left ear and 5 dB in the right ear. 

 

  

Left 250 500 1000 2000 4000 8000 

 

Right 250 500 1000 2000 4000 8000 

GBJ43 0 -5 -10 0 0 -10 GBJ43 0 -5 -5 0 -5 -20 

VGS39 -5 -5 0 -5 0 0 VGS39 -5 -5 0 0 5 10 

JBB19 15 15 0 5 5 0 JBB19 5 5 5 5 -5 -5 

BBG46 5 0 -5 5 0 -5 BBG46 10 10 5 5 5 -10 

SBG49 0 -5 0 5 -5 5 SBG49 5 5 5 0 0 -5 

JBP19 0 0 10 -5 -10 -10 JBP19 -5 0 -10 0 -5 10 

TBB22 -5 -10 0 0 -15 -15 TBB22 -10 -5 -5 -10 0 -5 

LGF34 0 0 5 5 0 15 LGF34 0 5 0 10 5 5 

SBP50 0 5 0 0 -5 -5 SBP50 0 0 5 0 0 0 

JBB29 0 0 -5 -5 -15 -30 JBB29 5 0 -5 -5 0 -15 

LGB33 0 -5 0 -5 -5 0 LGB33 5 0 5 5 0 0 
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Selected Distortion Product Otoacoustic Emission (DPOAE) Test Results 

Once again, all results are collated in the data folder, with just the results of one control and the same 

two of the subjects who listened to the tone, shown below and on the following three pages: 

 

Tables 8.7 & 8.8:  DPOAE before and after results for Control Subject SBP50 

                                 

 

 

 

 

Tables 8.9 & 8.10:  DPOAE before and after results for Experimental Subject LGF34 

  

 

 

 

 

Tables 8.11 & 8.12:  DPOAE before and after results for Experimental Subject BBG46 

 

 

 

 

Distortion product otoacoustic emissions (DPOAE) are responses generated when the cochlea is 

stimulated simultaneously by two pure tone frequencies of similar frequencies. For normal adult ears 

the response is 100% which correlates to 20 on the above tables. A reading of 0 indicates that the 

energy bouncing off the outer cochlea hairs is low and for -8, the response is just perceptible. Finally, a 

dash (-) means that there is no measureable response to the stimulation  

DPOAE’s were performed on both ears and the response in either ear should be similar. 
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Summary of Distortion Product Otoacoustic Emission (DPOAE) Test Results  

The individual DPOAE readings for all subjects have been transferred and compiled in the tables 

below: 

Tables 8.13 & 8.14:  DPOAE levels for both ears for all subjects before listening to tones 

 
Left 1kHz 1.5 2 3 4 6 

 

Right 1kHz 1.5 2 3 4 6 

GBJ43 8 - - - - - GBJ43 - - - - - - 

VGS39 4 -3 - -3 4 6 VGS39 5 0 - -9 3 -2 

JBB19 17 18 9 11 10 19 JBB19 13 19 18 8 12 18 

BBG46 9 12 11 6 0 - BBG46 13 15 12 12 3 - 

SBG49 4 - - -6 - - SBG49 6 0 - -5 -3 - 

JBP19 4 4 3 1 6 18 JBP19 - - - -9 -4 7 

TBB22 2 10 1 -3 -2 -4 TBB22 3 12 2 -5 -1 -10 

LGF34 11 5 6 0 1 3 LGF34 12 7 5 3 2 4 

SBP50 11 4 0 -5 -3 - SBP50 13 9 -1 0 2 -10 

JBB29 9 2 3 4 3 3 JBB29 8 2 3 3 5 6 

LGB33 8 -1 8 5 8 9 LGB33 11 11 14 5 6 20 

  

Tables 8.15 & 8.16:  DPOAE levels for both ears for all subjects after listening to tones 

 

Left 1kHz 1.5 2 3 4 6 

 

Right 1kHz 1.5 2 3 4 6 

GBJ43 8 - - - - - GBJ43 - - - - - - 

VGS39 5 - - - 0 - VGS39 5  -  -3  

JBB19 10 15 9 6 5 15 JBB19 15 17 16 8 11 16 

BBG46 4 15 13 8 -2 - BBG46 15 14 11 10 5 -8 

SBG49 8 - - -2 - - SBG49 8 8 -4 -4 -3 - 

JBP19 -3  -7  0  JBP19 0  -3  -5  

TBB22 8  10  4  TBB22 8  8  8  

LGF34 10 11 11 8 3 0 LGF34 11 13 10 8 9 6 

SBP50 15 11 -3 -3 -9 - SBP50 12 9 1 -1 1 - 

JBB29 4 -4 -4 2 -7 - JBB29 6 4 -1 -4 -3 -1 

LGB33 8 -2 9 6 8 6 LGB33 9 9 14 4 8 18 

 

As mentioned earlier, the higher the number reflects the higher response of your outer cochlea hairs 

when stimulated. A negative number reflects little response and a dash (-) means no response. Some 

subjects, particularly JBB19 displayed some very high DPOAE readings. It needs to be noted that the 

space in subjects JBP19 and TBB22 is due to a particular audiologist who only took 3 readings instead 

of 6, in the two tests that she performed.  
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Tables 8.17 & 8.18:  Differences in DPOAE levels after listening to tones 

 

In a similar manner to the pure tone audiograms, a positive number reflects an improvement in a 

person’s hearing, a negative reflects a deterioration and a zero reflects no change. The pink represents 

the control group, who ended up being not very constant at all.      

 

8.6 Discussion 

The first observation that the subjects made was that spending an hour listening to a tone was not as 

bad as they originally thought. Some of them forgot it was even playing for it seemed to settle back 

into their subconsciousness. And when it came to the second hearing test, the subjects and myself had 

no indicator of whether there would be any difference in their frequency responses.  

All the results of the first hearing test were retained by Mridula Sharma, the supervisor of this clinical 

study from Macquarie University and the results of the second test were not revealed until the last 

subject had been tested. 

When the audiograms were revealed, it was immediately apparent that there was very little difference 

in the results after listening to the tones. It was in fact one of the controls who had the greatest 

fluctuation. The probable reason for this is that his initial test seemed to too good to be true. He was 

selected for this clinical trial as he did have a hearing deficiency in the 4000 Hz region, which showed 

up in his last test but not the first. I am speculating that he guessed some of the readings in his initial 

test which is easy to do if you feel there is some tone playing, even if you can’t actually hear it. 

Due to the lack of any consistent trend in any of the subjects in the PTA and DPOAE tests and the 

majority of the fluctuations being within the range of experimental error (10dB), for this method of 

testing I can safely conclude that the short-term auditory stimulation of the tone did not have any 

effect on the hearing of the subjects who participated in this clinical trial.  

Left 1kHz 1.5 2 3 4 6 

 

Right 1kHz 1.5 2 3 4 6 

GBJ43 0 0 0 0 0 0 GBJ43 0 0 0 0 0 0 

VGS39 1  0  -4  VGS39 0 0 0 9 -6 2 

JBB19 -7 -3 0 -5 -5 -4 JBB19 2 -2 -2 0 -1 -2 

BBG46 -5 3 2 2 -2 0 BBG46 2 -1 -1 -2 2 2 

SBG49 4 0 0 4 0 0 SBG49 2 8 6 1 0 0 

JBP19 -7  -10  -6  JBP19 10  7  --1  

TBB22 6  9  6  TBB22 5  6  9  

LGF34 -1 6 5 8 2 -3 LGF34 -1 6 5 5 7 2 

SBP50 4 7 -3 2 -6 0 SBP50 -1 0 2 -1 -1 0 

JBB29 -5 -6 -7 -2 -10 -13 JBB29 -2 2 -4 -7 -8  

LGB33 -7 -3 0 -5 -5 -4 LGB33 2 -2 -2 0 -1 -2 
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9. Conclusion 

My results definitely supported my long-term acoustic stimulation hypothesis, that there will be a 

greater measureable sensitivity in the hearing of flute and violin players. This feature was identified in 

my 2008 study and has now been validated with my replicated and expanded 2014 experiment.  

The other feature that really stands out as irrevocable evidence is the improvement in high frequency 

sensitivity of 8 subjects in the longitudinal study, which goes against all the trends of hearing 

deteriorating with age. The common denominator of all these 8 subjects is that they all picked up the 

playing of either the flute, violin or piano in the interim period. They had a mean increase of 740 Hz in 

their high frequency hearing sensitivity, whereas the other 110 subjects in the longitudinal study had a 

mean decrease of 1520 Hz.                                                                     

In relation to my clinical study that looked at short-term acoustic stimulation with a 60 dB targeted-

pitched tone, my hypothesis of a temporary improvement was not supported by my results. There was 

absolutely no measureable change, which is consistent with the background research. 

In summary, a person’s hearing can be improved through repetitive “auditory training”, where 

repetition of sensory stimuli in the cortex of the brain can reorganise neural pathways allowing 

auditory signals to be perceived, where once they could not be perceived. Without this regular 

practice and repetition, a person’s hearing will not improve. 

 
10. Scientific Significance 

Before the 1970’s, the accepted idea across neuroscience was that the nervous system was essentially fixed 

throughout adulthood, both in terms of brain functions, as well as the idea that it was impossible for new 

neurons to develop after birth. With the exciting research developments in neuroplasticity, things that 

were considered impossible, such as regaining your sight or your hearing, are now in the realm of 

possibility. The scientific significance of my findings is that I have solid evidence to show that “auditory 

training” does make a measurable difference to a person’s hearing and it adds extra weight and support to 

this whole theory of neuroplasticity. 

 

11. Further Research 

There must be a point where “auditory training” first becomes measurable. For instance, how long will it 

take to play a flute before there is a recognisable improvement in your hearing. To work this out, I have 

invented a simple device, called the Ear Pillow. The Ear Pillow allows the recording of a tone that is then 

looped using Garage Band and this looped tone is attached from my ipod to an ipillow. Each night I will be 

playing a set 4 kHz tone while I am asleep. With some further modifications and programming, it will be 

designed to fade in when I reach my REM level (deep) sleep and it will fade out when my sleep becomes 

lighter. Through this controlled repetition of auditory stimulation, I will be determining at what point will 

there be a measurable increase of my hearing at the frequency of the tone that will I will be exposed to.  



Comparing the effects of long and short-term auditory stimulation  
                                                             for increasing the sensitivity of a person’s hearing 

 
 

43 
 

12. Acknowledgements 

Mr Joel Poyitt   I would like to thank my science teacher for helping with 
    my logbook and for ideas of how I could build my model 

Mr Stuart Garth   My Dad, who happens to be our 5.3 Maths teacher this year.  
    He took our class through an intensive unit on standard   
    deviation and box and whiskers plots so we could use them  
    specifically for our Science projects. He also helped by   
    contacting a retired audiologist he knew, who then put me  
    in touch with the Audiology Department at Macquarie    

200 Subjects   I especially want to thank all my 200 subjects who willingly  
    took part in my experiment. 118 of them also took part in  
    my 2008 study. Most were quite surprised when they found  
    out that there hearing of the highest frequency had dropped  
    by an average 1520 Hz 

12 Subjects in Clinical Study I would like to thank these 12 subjects, of whom 9 endured  
    listening to a 60dB tone for 22 hours in total and all gave  
    up two of their afternoons to travel to Macquarie University   

Catherine MacMahon  Associate Professor of Audiology at Macquarie University  
    who organised the personnel for the clinical trial 

Mridula Sharma   Research Institution Supervisor at Macquarie University who  
    supervised the running of all the hearing tests and the   
    scheduling of Masters Students to do the testing. 

Masters students  Performed the PTA and DPOAE hearing tests, under the supervision
    of Mridula Sharma 

Narelle Murray   Retired audiologist who put me onto Macquarie University 

 

 

13. Bibliography  

Altman, J. (1963) "Autoradiographic investigation of cell proliferation in the brains of rats and 

cats" The Anatomical record (4): 573–591.  

Anderson, B. (1994) “Glial hypertrophy is associated with synaptogenesis following motor-skill 

earning, but not with angiogenesis following exercise” Glia (11): 73-80 

Blanpain, C., Fuchs, E. (2009) “Epidermal homeostasis: a balancing act of stem cells in the skin” Nature 

Reviews Molecular Cell Biology (10): 207-217 

 



Comparing the effects of long and short-term auditory stimulation  
                                                             for increasing the sensitivity of a person’s hearing 

 
 

44 
 

Chudler, E. (2011) “Neuroscience for kids”, https://faculty.washington.edu/chudler/salt.html, accessed 

18/08/2014 

 

Corbett, B., Shickman, K., Ferrer, E. (2008) “Brief report: The effects of Tomatis sound therapy on 

language in children with autism” Journal of Autism and Developmental Disorders (3): 562-566 

 
 

Erikkson, P et. al. (1998) “Neurogenesis in the adult human hippocampus” Nature Medicine (4): 1313 

– 1317 

Gladwell, M. (2008) “Outliers: the story of success”, Little, Brown & Company, New York 
 

Hartline, D., Colman, D. (2007) “Rapid conduction and the evolution of giant axons and myelinated 

fibers” Current Biology (1): 29-35 
 

Häussinger, D. (2011) Liver Regeneration: De Gruyter: p.1. 
 

Kerr, D., et. al. (2001) “Human embryonic germ cell derivatives facilitate motor recovery of rats with 

diffuse motor neuron injury”. 

 

Lopez-Garcia, C., et.al. (2010) “Intestinal stem cell replacement follows a pattern of neutral drift” 

Science (330): 822–825.  
 

Münte, T et. al. (2002) "The Musician’s brain as a model of neuroplasticity” Nature Reviews 

Neuroscience (3): 473-478.  

Polat, U., Sagi, D. (1994) Spatial interactions in human vision: from near to far via experience-

dependent cascades of connections. Proceedings of the National Academy of Sciences USA (91): 1206–

1209 

Rodrigues, A., Loureiro, M., Caramelli, P. (2010) “Musical training, neuroplasticity and cognition” 

Dement Neuropsychol (4): 277-286. 

Strich, S., Oxon, D. (1961) “Shearing of nerve fibres as a cause of brain damage due to head injury: A 

pathological study of twenty cases” The Lancet (278): 443–448. 

 

Vinck, B., Cauwenberge, P., Leroy, L., Corthals, P. (1999) “ Sensitivity of transient evoked and distortion 

product otoacoustic emissions to the direct effect of noise on the human cochlea” Audiology (38): 44-

52 

https://faculty.washington.edu/chudler/salt.html
http://books.google.co.za/books?id=RJEg-p-9iqsC&pg=PA1

