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Introduction

adzaA 0 Aa | KdzaS LI NI amubicidfpsgithss ahdaysdees NB R &
apowerful and importanpart of my life Whether it would be simply listening to music on my
headphonessingingpr playing my trumpetWithoutitL R2y QG 1y 2 6 Masikl 0 L 6
Ad Yeé SEYILIBYyaIxiRnaQa YIFIIAOLE G2 YSo® adzaAild A&
planet should be able toave However, not everybodytisat lucky.Some peopldave
KSFNAYy3a LINRPof SYa | yR R?2 yThdireséhftiqueston fSryhB82 & Y dza A
extendal essay examines if our left and right ears hear conflitdimesby vocal
reproduction oftonesplayed into both ears separateKnowing the difference between our
ears andvhat sort ofsounds they hear bestan make a huge differenceatology, the study

oftheeatfl YR Ay &42YSo02RéQa fAFSO

The auditory system &system of our body th& responsible for one of our five
senses, hearing he anatomy of this system is vegmplexbut it can badivided into two

subparts: the peripherauditory system and the central auditory system
The peripheral systelmas three parts

The outer earlt consists othe pinna (or auricle), the onlysible part of the ear, the ear
canal and the ear drum

The middle earlt isasmall space filled with air that consists of three small boaksd the
ossicles, or the malleus, incus and stapes

The inner earThis part of the eas not filled with air, but rather with liqui@hecochlea is



the main structure of the inner eand t containshair cells The cochlea is connected to the
central auditory systerny the auditory nerve.
The central auditory system starts at the auditory nervecamiinues on witha

LI 6 Kgl & GKNRddzZZAK GKS ONIAyadsSy FyR (2 GKS oNI
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Fig. 1 Labelled diagram showing a cutaway of the different parts of the human ear, foartettear through the

middle ear to the inner ear

Sounds areibrationspresent in the airSound waves are almost all unig@®me are
low pitched and loud while some are high pitched amiét. When these sound waves are

captured by our ears, they are converted intessages for our brain to understahd.

LISENRY 3 [AY] X bitpg/avwiie&ingdnk.ofd/yduhddling/dabButhearing/howthe-ear-
works/, (2018)

2 bid.

39 NJ { OASYOSs 4126 6S KSINEZ
https://www.earscience.org.au/sites/www.earscience.org.au/files/field/pdf/how we hear(pdf.)



https://www.hearinglink.org/your-hearing/about-hearing/how-the-ear-works/
https://www.hearinglink.org/your-hearing/about-hearing/how-the-ear-works/
https://www.earscience.org.au/sites/www.earscience.org.au/files/field/pdf/how_we_hear.pdf

The first step in this processl® sound wavesntering the ear canal artting the
eardrum causing it to vibrat&hen the ear drum vibtas, itmoves the ossicles, a set of
three tiny bones (the hammer, the anvil, the stircuphese bones are what connects the
eardrum to the cochlea in the inner ed@he cochlea is filled with a liquashd the vibration
from the ossicles creategaves in this liquidWhen the fluid in the cochlea moves, it moves
the hair cellsand creates nerve signals that are sent to the brain. Our brain then understands

these signals as sound, and so we Hear.

¢CKS ONIAYyQa STl KSY §spedkhSwhie the dghtdienisph&éd | & RSO
R2YAYIFGSa Ay AYGSNILINBGIGAY3I YdAAOX YR KSIFNAy3
I gte& GKFEIG GKS €STa SIENIFdzZRAGZ2NE YySNBS LI GKg
cortex, making it the preferred et hear music. On the other hand, the right ear auditory

A ¥ 1 A ~

YSNBS LI GKgl& Aad O02yySOGSR (%2 GKS STl KSYAa

It was difficult to findesearch done on this topitleverthelesggelated investigations

havebeen done on for example eareferencefor listening to verbal stimuli.

Italian scientistd.uca Tommasi and Daniele Marzoli of the University "Gabriele
d'Annunzio” in Chieti, Italgonducteda series of three studies where they obseread
preferencein noisydiscothequegluring social interactiong aken together, the results of all

three studies confirmed right ear/left hemispherdominance for verbalommunicatiorf

4 National Institute on Deafness and Other Communication®iSoNB = a1 2¢ 52 2SS | S| NKé¢ X
https://www.nidcd.nih.gov/health/howlo-we-hear, (January 3, 2018)

Sw20AYy [f28RX dazaild t S2 Lihths/AwhNgliveSdehce.dom/R6FPedplepdfeE 2 NJ [ A a G S
earlistening.htm] (June 24, 2009)

8 Ibid.



https://www.nidcd.nih.gov/health/how-do-we-hear
https://www.livescience.com/9679-people-prefer-ear-listening.html
https://www.livescience.com/9679-people-prefer-ear-listening.html

This was nathe first investigation done on ear preference in human communication.
Scientsts havdong understood thathte auditory regions of the left amight hemisphereof

the brainsort out sounds differently.

Thesdlifferences weralwaysthought to stem from unique cellular properties of
each hemispheredowever, scientistBarbara Con&VessorandYvonne Sining&a & ( dzR &
proved that thedifferencesare inherent in the ears themselv@$ey studied tiny amplifiers
in the tiny hair cells in thiener ear."When we hear a sound, tiny cells in our ear expand and
contract to amplify the vibrations," explained Sininger. "The inner hair cells convert the
vibrations to neural cells and send them to the brain, which decodes the input.”
"These amplified vibratioredso leak back out to the ear iphenomenoncalked otoacoustic
emission (OAE)," addawonneSininger. "We measured the OAE by inserting a microphone in

the ear canal”Their findings demonstrated thatditoryprocessing starts iour earsfirst.

Asresearchers athe University of Californ@Los Angeles (UCLAgntionedin their
report concerning the studgiPrevious research supports the team's new findings. For
example, earlier research shows that children with impairment in the right earrgecou
Y2NB (NRdzofS fSFENYyAy3a Ay &aOKz22ft SHdateyhakdgk A f RNB
the right ear thedominated one in terms of speech and learning and the left ear the

dominating onen regard tomusic.

Females and males tend to have very different voices. On average, women have

higher pitched voices, while men tend to have lepiéch voices. This is all duedar vocal

TT2NR {GAf SAaX dabSgo2 Nynipst/uad8s.adzonbedu/NB/MEKBRa@RSaE > ¢ 22 £ X
preferencestoo, (September 2, 2004)

8 University of Californig]l 24 ! y3St Sazx 4[SFd ' yR wAIKG 9FNB b2d / NBI
LT kT whBps:AlwhErkericedaily.com/releases/2004/020910082553.hin{September 10,

2004)



https://uanews.arizona.edu/story/newborns-have-ear-preferences-too
https://uanews.arizona.edu/story/newborns-have-ear-preferences-too
https://www.sciencedaily.com/releases/2004/09/040910082553.htm

cords muscles locateh our larynx. The siZ22¥ | LIS Ndbrésaffects th@iepiddn f

L &dzl £ f & IcordBakeNsindller andthitherthan a M@yvhich is why theivoices

sound higherThis difference is not very noticeable on young childriewever, after

puberty, it is a lot morebvious During pubertyboyd Q@ 6 2 RASa &G NI LINR RdzOA
testosteronethat makes the body changeéhose changes include their vocatdsgrowing,

making their voicesound even deepeithis also happerier girls They produce

testosterone and in addition, al$a G N2 ASy ® | 2 SPHSNE (KSe& R2yQi

GKSANI @201t Onudifasd thRiRvgi@ arbigh&tPithed &

Hypothesis:

Based a studies dondy Italian scientists, Luca Tommasi and Daniele Mattzati
demonstratedthat there is a right ear/left hemisphere dominance for verbal communication
anda left ear/right hemisphere dominance for deciphering mfisicdbased orthe

background informationHave gathered, the expectatidor this experiment ighat the

LJ- NI A OA LI y ( & Q of @Bn® Wilt be Mdse dbRraelndehk foyind will be heard
in their left ear rather than in the right earhiswill prove thatour left earis better atpicking

up musicatoneswhile the right eadominates in deciphering speech.

%aA0OKStS 580011 d2Keé ! NS DANI&ay +2A0S8a !adzadtte | A3IK
http://mentalfloss.com/article/72393/Nwy-are-girlsvoicesusuallyhigherboysvoices (May 1, 2018)

OVw2o0Ay [f28RX adazaild t S2 Linhths/whkliFeSdkhca.dom/BaFpedplepidfer 2 NJ [ A & (G S
earlistening.htm] (June 24, 2009)



http://mentalfloss.com/article/72393/why-are-girls-voices-usually-higher-boys-voices
https://www.livescience.com/9679-people-prefer-ear-listening.html
https://www.livescience.com/9679-people-prefer-ear-listening.html

Method

Materials

1 pair ofearphones
Electronic keyboard
Mobile phone

Applicationd | S NA y J-autliSlégidlé o6& S

Applicationdt A § OKSR (Gdzy SN I yYRRZLIAGOK LJ (G OKE

Procedure

Variables
Independent variable:
Frequencies used during the PHglatching Test

Dependent variable:

11 EaudiologiagHearing § & tips//www.e-
audiologia.pl/HearingTest/?fbclid=IwAR8MipXhbiYhIOAC1kmv2v IGHRCxYOXRroGvR4DczC
gpID3US7X1KA#hon{a.d.)

G2y ST A0 £ attp:Aww®. k& kickicdmy tniidht)|(2019)

0 e

{dz2y


https://www.e-audiologia.pl/HearingTest/?fbclid=IwAR3rihc1pXhbiYhI0AC1kmv2v_lGHRCxYOXRroGvR4DczC-gplD3US7X1KA#home
https://www.e-audiologia.pl/HearingTest/?fbclid=IwAR3rihc1pXhbiYhI0AC1kmv2v_lGHRCxYOXRroGvR4DczC-gplD3US7X1KA#home
https://www.e-audiologia.pl/HearingTest/?fbclid=IwAR3rihc1pXhbiYhI0AC1kmv2v_lGHRCxYOXRroGvR4DczC-gplD3US7X1KA#home
http://www.stonekick.com/tuner.html
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Frequency of the vocal reproductions of the tones of all particip@htsy were captured by a

chromatic tuner and then compared to the original tone.
Controlled variable:

Volume at which théoneswere being played.
Roomwhere the participants took the tests

Background noise by choosing a roeith minimal noise

Theage of the participants onlyaried by two maximum two years (17 to 19)

In order to testhe research question, an experiment was undertakeaightindividuals

four malesandfour femalesof about17 to 19 years old.

| tested my experiment only on teenagers between the age of 17 to 19. This is because
the point of the experiment is not to observe how our ability to heaesdiffer according to
our age but from one ear to another. Experimenting on people of siméarliagjts the

GFENRFoftSa yR fft2ea YS G2 FylrtelsS vye NBadA

Theexperiment first consisted af questionnaireand consent forngiven to theeight
participantsin order to findout their age, gendeiA ¥ (i K Ssdraedribisick kraingnda
selfevaluation otheir singing abilitffrom 1 to 10)The consent form can be found on the

next page and theonsent formsompleted by the participants can be found in appendix 1.
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IB HL Biology Informed Consent Fammd questionnaire

| give my informed consent to participate in this study.
| am voluntarily participating in this study.
| have been informed of the nature of the research and study.
I understand | have the right to withdraw from study at any time for any reason.
| understand that any information/data collected about me will remain strictly confidential.

| understand that my anonymity will be protected and that my name will not be identified anywhere in

the studyor research.
The research will be conducted so that | will not be demeaned in any way.

I understand that | will be debriefed at the end of my participation in the study and given an

opportunity to find out the results.

Age:
Gender:

Musical training:

Selfevaluation of singing ability (from 1 to 10):

Participant Signature:
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Date:

Allof the participantsunderwent two types of test
1. Hearing test

The hearing test used was oneebgiudiologia'® They have an agipationon the phone
that will perform goure-tone audiometry a basic hearing examinatidrhe test consisting in
determining thequietest sound one is able to he@he testfrequenciesused were the
defaults on the ap®50 Hz, 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz, 60&2WHO00 HZThe

test was performed on the left and right ear individually
2. Pitchhmatching tes{PMT)

Theparticipantsunderwent then a pitcimatching testThis test is the one that ultimately
will prove whether an individual heamnesdifferently from ear to earThe test consists of a
vocal imitation of soundst is a sequence @ife sound taskshat are piano recordingsf
differenttones From the piano recordingghe participantdieard the soungfirst only in the
left ear and then only in theght ear andried to reproduce théone immediately byusing
the sound/u/ (International Phonetic Systeth)As was explained in the introductioanfales
usually have a higher pitthan menso inorder for females to be able to reproduce a sound
comfortably without any difficulty, | have chogenesthat would be the most easily

NB LIN2 RdzOA 6 f S F@nNde bthefaBd/rheh B o h&& lawdrPideh voices.

13 EaudiologiagHearing § & @tis/www.e-
audiologia.pl/HearingTest/?fbclid=IwAR3rihc1pXhbiYhIOAC1lkmv2v IGHRCxYOXRreGvR4DczC
gpID3US7X1KA#horria.d.)



https://www.e-audiologia.pl/HearingTest/?fbclid=IwAR3rihc1pXhbiYhI0AC1kmv2v_lGHRCxYOXRroGvR4DczC-gplD3US7X1KA#home
https://www.e-audiologia.pl/HearingTest/?fbclid=IwAR3rihc1pXhbiYhI0AC1kmv2v_lGHRCxYOXRroGvR4DczC-gplD3US7X1KA#home
https://www.e-audiologia.pl/HearingTest/?fbclid=IwAR3rihc1pXhbiYhI0AC1kmv2v_lGHRCxYOXRroGvR4DczC-gplD3US7X1KA#home
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Thetoneschosendiffered fran female to male participants #s most comfortable and

averageonesfor eachgenderwere choser{Table 1)

Tablel Tonesused during the Pitematching tes®

Female Male
Tones  Frequencies in Hz Tones  Frequencies in Hz
Cc4 261,6 C3 130,8
D4 2937 D3 146,8
E4 329,6 E3 164,8
F4 349,2 F3 174,6
G4 392,0 G3 196,0

The sounds were made bg alectronic keyboard.

The reproductioa of the sounds were captured by a chrom#éinerand compared to

i o=

the original soungresented The chromatic tuner used was appOl £ £ SR G LA G OKSR
LJA (i O Kby B3ankB&¥. Thechromatic tuneishows the nearegbne being played or sung

and the exact frequenayf what the participant is singing.

The pitchmatching test waperformed on each participant five times.

B2y f R . &NRXZ ttamzaohl@wirdiniateduft @k piceirég.html, (Nov, 2006)
16 Stonekickd t A U O K SHtp:/fivdzy.sSoNekick.com/tuner.htm|(2019)



http://people.virginia.edu/~pdr4h/pitch-freq.html
http://www.stonekick.com/tuner.html

Researd

Results

Questionnaire

14

Out of all theparticipants two guys and two girisere musically trainegarticipant 23, 7

and 8 The otherfour had never gotten any musical training other timansic lessons at

school.

Hearing test

The results from theearingtest are displayed as an audiogramthe apication

GaKI G

Affdzald N GSa

Iy AYRAQDARDZA £ Q&

tiftererft A G &

frequencies. The test was performed to make sure none gidhtcipantswere suffering

from hearing loss and could hear the frequencies played during the PMT pe&Aactly.

example of how the results were presented can be seéigure 2. Théearing test

performed on thaest of the participants can be seenappendix 2.

Hearing Test

100

125

250 500 1000 2000

PURE-TONE AUDIOMETRY

4000

8000 f[Hz]

6000

10000

N e

p\

Vs
L/

Fig. 2 Results from hearing graph performed on participant 1

i 2
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The results of the hearing tests appear in an audiogram wherbdaring curves are drawn

for each ear. The blumlorrepresents the hearing curve for the left ear while the red

represents the hearing curve for thght ear.The frequency is measuredhartz (Hzand is

shown form the lowestieft) to the highes{right) across the horizontal axis on the tapt K S
intensity in decibels (dB) required for an individual to perceive a tone at a given frequency is
plotted from soft to loud down the verticakisandd A dSa |y AYRAOF A2y 27
RSANBS 2F 'KSINAYy3I f25adé

In terms of the results, there wasthingcritical recorded, every participant had a normal

hearing.

7German He NA y 3 HoS yoilingeidEt a Audiograiniitps://www.hoerzentrum
hannover.de/en/diagnosis/ho¥o-interpret-an-audiogram/ (n.d.)



https://www.hoerzentrum-hannover.de/en/diagnosis/how-to-interpret-an-audiogram/
https://www.hoerzentrum-hannover.de/en/diagnosis/how-to-interpret-an-audiogram/

Pitchrmatching test

Results from the female participants

Table 2 Table showing ramd processedata from the female participants

Participantl | Participant2 Participant3 | Participant4

Actual Left |Right |Left |Right |Left |Right |Left |Right
frequency | Trial ear |ear ear |ear ear |ear ear |ear

1 272,8| 2745 269,5 270,1] 265,6| 267,1| 275,4| 279,1

2 273,4| 270,9 2679 269,8 2659 267,3| 273,7| 278,4

3 272,1| 275,8| 266,7| 268,0] 266,3] 268,1| 272,5] 275,0

261,6 (C4) 4 271,5| 273,9 266,3] 269,6| 268,9] 270,0] 271,0] 275,4

5 271,01 274,7| 265,4) 267,2| 264,7| 265,4| 270,9| 274,2

Mean 272,2| 274,0] 267,2| 268,9| 266,3] 267,6| 272,7| 276,4

STDAV 0,9 16| 14 11 14 15 1,7 2,0

1 302,1| 297,2| 300,8 302,0] 295,1] 299,4| 304,9| 307,5

2 302,9| 300,2| 299,5 300,9| 295,6/ 298,5 303,4| 305,7

3 305,4| 308,2| 298,1| 300,2| 297,6/ 300,0] 305,6/ 310,0

293,7 (D4) 4 303,3| 306,8| 299,0 302,7| 296,7] 299,9| 303,1| 307,2

5 301,7| 304,4) 297,00 299,2| 295,2| 298,8| 302,0] 304,8

Mean 303,1| 303,4| 298,9] 301,0] 296,0, 299,3| 303,8 307,0

STDAV 1,3 41 13 12| 1,0 06| 1.3 1,8

1 320,7| 317,4| 339,7| 341,4) 334,4) 336,7| 340,4| 344,3

2 321,1| 319,8| 337,2] 340,5| 334,9] 335,6| 339,9| 342,2

3 319,9] 326,4| 337,9] 342,2| 331,2| 333,2| 341,0] 345,8

329,6 (E4) 4 322,2| 325,6| 335,8) 337,7| 332,5| 335,0| 336,2| 342,8

5 320,6/ 317,7| 333,1] 337,9| 332,0 334,1| 338,3| 343,5

Mean 320,9] 321,4| 336,7| 339,9| 333,0 334,9| 339,2| 343,7

STDAV 0,8 39| 22 1.8/ 14 12| 1,7 1,3

1 360,5 362,7| 354,2| 357,8| 353,9] 355,4| 356,2| 360,7

2 361,3| 357,6| 353,6] 355,1] 354,1] 356,1| 358,4| 363,0

3 358,4| 362,4| 353,00 355,5 352,5] 354,8/ 360,1| 366,2

349,2 (F4) 4 360,9] 358,0] 355,7| 358,0] 353,0] 355,6| 359,3| 364,9

5 359,5 355,1| 354,1] 358,3| 351,4] 354,3| 356,9] 355,0

Mean 360,1| 359,2| 354,1] 356,9| 353,0] 355,2| 358,2| 362,0

STDAV 1,0 29 09 14 1,0 06| 15 3,9

1 385,3| 388,2| 388,2| 385,4| 391,4| 385,4| 379,1| 374,6

2 386,3| 380,1 389,0 387,3] 390,3] 389,3| 380,2| 380,5

3 385,7| 382,01 387,5| 385,3 391,1] 387,2| 380,9] 378,0

392,0 (G4) 4 387,6| 384,6| 388,6/ 385,7| 388,6/ 388,0 382,3] 379,8

5 396,4| 381,9 389,9 386,1] 389,9] 386,4| 385,3 3814

Mean 388,3| 383,4| 388,6|] 386,0] 390,3] 387,3| 381,6/ 378,9

STDAV 4,1 2,8/ 0,8 0,77 1,0 13| 21 2,4

STDAV stands for Standard Deviation

Actual frequencyepresents the frequency of thene the participantshad to reproduce
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Table3 Table showindifference between the vocal reproduction of the female participants and the frequency of

the tone they werattemptingto reproduce

A D4 H F 4

left |right |left |right |left |right |left |right|left right

ear |ear |ear |ear |ear |ear |ear |ear |ear |ear
11,2| 12,9/ 8,4 35| -89 -12,2| 11,3| 13,5/ -6,7| -3,8
Participant 11,8/ 9,3 9,2| 65 -85 -98 121 84| -57| -11,9
1 10,5 14,2/ 11,7 14,55 -9,7| -3,2| 9,2/ 13,2] -6,3] -10,0
9,9 12,3/ 9,6/ 13,1 -7,4| -4,0|11,7| 88| -44| -7.4
94| 13,1 8,0/ 10,7 -9,0| -11,9| 10,3| 59| 44| -10,1
79/ 85 71 83| 10,1 11,8/ 50| 86| -3,8/ -6,6
Participant 6,3] 82 58 72 76| 109 44| 59| -30 -47
5 51| 64| 44| 65/ 83| 126/ 3,8/ 63| -45 6,7
Vocal 47/ 80| 53] 90/ 6,2 81| 65 88 -34 -63
reproduction 3,8 56| 3,3 55/ 35| 83 49 91| -2,1] -59
- actual 40/ 55| 14 57| 48 71| 47/ 62| -06| -66
frequency participant— 3L 57| 19| 48| 58| 60| 49| 69 -17/ -27
3p | 47/ 65 39/ 63| 16 36/ 33 56/ -09 -48
73] 84 30 62 29 54| 38 64 -34 -40
3,1 38| 15| 51| 24| 45| 22| 51 -2,1| -56
13,8/ 17,5/ 11,2 13,8 10,8| 14,7 7,0/ 11,5 -12,9| -17,4
Participant 12,1 16,8/ 9,7 12,0/ 10,3| 12,6/ 9,2| 13,8 -11,8] -11,5
4 10,9| 13,4/ 11,9| 16,3| 11,4| 16,2| 10,9 17,0 -11,1| -14,0
9,4/ 13,8 9,4| 135 6,6/ 13,2/ 10,1 15,7 -9,7| -12,2
93| 12,6/ 83| 11,1 8,7/ 139 7,7 58| -6,7| -10,6
Mean 8,0/ 10,1 6,8 90 28 54 72| 91 -48 81
STDAV 32| 39 34 37 72 88 31 36| 41 38

STDAVstands for Standard Deviation

Actual frequency represents the frequency of the toneghsicipants had to reproduce
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Graph 1 Bar graph showitng mean difference between the vocal reproduction of the female participants and

the frequency of the tone they were attempting to reproduce

13,0

310 81'0 o GLB 0 . 7]7

20 | _{8 N
T
\ \

O left ear @right ear Oleft ear Oright ear @left ear @right ear @left ear @right ear O left ear Oright ear

FREQUNCY (HZ)
N
00}

-12,0

The bar grapshows the mean difference between the vocal reproduction of the female
participantsand the frequency of the note they were attempting to reproducé, D4, E4

F4, G4- when it was played into their ledarand right earThe bar graph shows thtte
difference between the two was smaller when the note was played into their left ear rather

than into their right ear.



Results from the male participant

Table 4 Table showing ramd processed datom the maleparticipants
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Participant 5

Participant 6

Participant 7

Participant 8

Actual Left |Right |Left |Right |Left |Right |Left |Right
frequency| Trial ear ear ear ear ear ear ear ear

1 119,5| 116,3| 142,0f 145, 123,7] 120,3| 124,9] 1220

2 118,4| 115, 147,9] 1498 121,9] 117,3| 123,7] 121,8

3 118,3| 102,4| 144,7) 149,0 123,3] 119,1f 126,5 125,7

130,8 (C3 4 121,5| 112,0] 145,5 151,6( 122,7) 117,0f 124,7] 123,2

5 118,2| 116,7| 143,0 147,2| 124,9] 121,0 125,8 121,9

Mean 119,2| 1125 144,6| 148,5| 123,3] 1189 1251 122,9

STDAV 1,3 53 2,1 2,2 1,0 1,6 1,0 15

1 136,1| 133,3| 157,6/ 1605 133,7| 131,3[ 143,5 141,4

2 137,8| 136,4| 155,8] 157,8| 135,3] 133,0 142,6/ 140,5

3 135,3| 133,2| 160,4] 164,1 132,8 129,4( 144,6/ 1410

1(:13(;)8 4 135,4 132,0] 158,3] 162,3| 134,0f 132, 143,7| 1428

5 136,9] 136,9| 155,9] 158,4| 133,4/ 130,7| 142,9] 141,8

Mean 136,3 134,4( 157,6/ 160,6/ 133,8/ 131,3] 143,5 1415

STDAV 0,9 1,9 1,7 2,4 0,8 1,2 0,7 0,8

1 152,3| 151,0 174,51 179,9| 158,00 156,9| 160,7| 157,7

2 153,1| 149,8| 174,8] 179,2| 158,2f 157,5 161,2] 159,3

3 149,8| 145,3| 177,00 182, 157,6/ 155,3[ 159,0f 156,4

164,8 (E3 4 150,5| 157,1] 155,6/ 150,4| 156,3] 155,7 160,4/ 158,4

5 150,0| 147,2[ 173,9] 152,7| 160,9] 159,1 162,3] 160,6

Mean 151,1) 150,21 171,2| 168,9| 158,2| 156,9] 160,7| 158,5

STDAV 1,3 4,0 7,9 14,2 1,5 1,4 1,1 1,4

1 161,7| 156,7| 186,51 1904 169,1 167,8| 168,3] 166,3

2 163,4/ 159,5 186,8) 188,8| 170,4 168,7 169,0f 167,4

3 162,9] 157,8| 183,8] 185,0( 171,5 170,7 167,3] 164,2

174,6 (F3 4 163,8) 161,7[ 185,00 190,3| 168,9] 166,8 170,3] 167,6

5 164,00 162, 182,3] 187,0] 170,5/ 168,6] 169,9) 168,8

Mean 163,2| 159,6| 184,9 188,3| 170,1| 168,55 169,00 166,9

STDAV 0,8 2,1 1,7 2,1 1,0 1,3 1,1 15

1 210,3| 208,4| 206,8| 209,7] 190,4 188,3| 193,4 1925

2 205,6| 202,6/ 207,5 210,6/ 190,1) 188,4| 192,3] 191,9

3 206,7| 202,0] 205,4| 209,4 193,6/ 192,5( 194,0, 190,2

15%? 4 204,9] 2018 2065 209,.4] 189,7] 189,0 1919 190,9

5 207,00 205,2| 206,4| 209,5 190,8 189,3[ 193,99 191,7

Mean 206,9| 204,0 206,5 209,7 190,9] 189,51 193,1 191,44

STDAV 1,9 2,5 0,7 0,5 1,4 1,5 0,9 0,8

STDAV stands for Standard Deviation

Actual frequency represents the frequency of the tone the participants had to reproduce
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Table 5 Table showing difference between the vocal reproduction of the paatiipants and the frequency of

the tone they were attempting to reproduce

C3 D3 E3 F3 G3
left |right |left |[right |left |right |left |right |left |right
ear ear ear ear ear ear ear ear ear ear
11,3 -14,5-10,7| -13,5/-12,5| -13,8/-12,9| -17,9] 14,3[ 12,4

. |-12,4] 15,7] 9,0[ -10,4|-11,7] -15,0[-11,2] -15,1] 9.6 6,6

Pa”'SC'pa”' 12,5| 28,4|-11,5 -13,6/-15,0 -19,5/-11,7| -16,8] 10,7| 6,0

93| -18,8/-11,4| -14,8/-14,3] 7,7/-10,8] -12,9] 89| 58

12,6 14,1 99| -9.9/-148] -17,6/-10,6] -12,5/ 11,0] 9,2

11,2| 1473 10,8] 13,7[-13,1] -13,9] 11,9 15.8| 10,8/ 13,7

N 17,1] 19,00 9,0 11,0[-105| -15,8] 12,2] 14,2 11,5/ 14,6

Pa”'g'pa”' 13,9] 182 13,6] 17,3[-11.1] -11,6] 92| 104 94|134

Vocal 14,7| 20,8/ 11,5] 155|-12,0] -14,4| 10,4] 15,7| 10,5/ 13,4
reproduction 12,2| 164 91| 116|-13.4| -12.1] 7,7| 12,4 104|135
_actual 71| -10,5|-13,1| -155 6,8] -7.9] 55| -6,8] 56| 7.7
frequency | | | 89| -135[-115] 138 66 7.3 -42] 59| 59[ 76
7p " 75 11,7[-14,0] -17.4] 7,2 95| 31| -39 2,4] 35

81| -13,8/-12,8] -14,7| 85| 91| 57| -7.8] 6.3 7.0

59| -98/-134| 16,1 39| 5,7 41| 6,0 52| 67

59| 88| 33| 54| 41 -71] 63 -83] 2,6 -35

N 71| 90| 42| 63 36 55 56/ -72 37 41

Pa”'g'pa”' 43| 51| 22| 58 58 -84 7.3 -104] 2,0 58

61| -7.6] 31| 40| 44| -64| 43 7,0 41| 51

50 -89 -39] 50| 25 42| 47 58 21 43

Mean 27| 51| 40 49| 9.1] -10,6] 28] 38| 3.4 27
STDAV 9,9 140 93] 115 41| 43| 81| 108 7,5/ 86

STDAV stands for Standard Deviation

Actual frequency represents the frequency of the tone the participants had to reproduce
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Graph 2 Bar graph showing the mean difference between the vocal reproduction ofalegarticipants and the

frequency of the tone they were attempting to reproduce
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The bar graph shows the mean difference between the vocal reproduction oiibe
participants and the frequency of the note they were attempting to reproducg D3 E3

F3 G3-when it was played into their left ear and right €imilarly, to thedmale

participants, this graph showsatdifference between th&ocal reproduction and the actual
frequencywas smaller when the note was played into their left ear rather than into their right
ear.However, there ian exception. When thiane G3 wasplayed for themaleparticipants,

it seems thatheir vocal reproduction was a few frequencies bettben thetone was

played into their right eaas the difference is smaller.
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T-test

A ttest was performed on theaw data from all participants find out if the difference
between the vocal reproductiaof a participantvhen the sound was played into thieft ear
andwhen it was played inttheir right earis significant or not (p=0.05). These results can be

found in the following table.

Table 5 Table showinthe results from the-test performed on the raw dataf all participants

Participant 1 | Participant 2 | Participant 3 | Participant 4
C4 0,04 0,04 0,12 0,01
D4 0,45 0,02 0,00 0,01
E4 0,41 0,03 0,04 0,00
F4 0,28 0,00 0,00 0,05
G4 0,04 0,00 0,00 0,07
Participant 5 | Participant 6 | Participant 7 | Participant 8
C3 0,02 0,02 0,00 0,02
D3 0,05 0,04 0,00 0,00
E3 0,32 0,39 0,12 0,02
F3 0,01 0,02 0,04 0,03
G3 0,05 0,00 0,10 0,01

If the p@ I £ dzGower &r eqifal toP,05,it meansthat it is less than 5% likely that the
difference is due to chana® coincidencei.e.the difference is significantThep-values
calculated differed a bit from participant to participanbwever, on average theege a
significantly largenumber of pvalues under 0,080 out 0f40. This means thahe
difference between the vocal reproductiamen the sound waglayed into the right and left

earwas mostly significant and that the results were not just due to chance
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Analysis

From these results, it can be observed tiat right and left ear heaonesdifferently.
The vocal reproduction of all participamtascloser to the frequency of thene they were
attempting to reproduce when the sound was played into their left@grect forwhen the
participants were attempting to reproduce Gge graph 2)rhis can beeen fromthe
graphs 1 and,2vhere themean difference between the vocal reproduction of the
participants and the frequency of the tone they were attempting to reprocase

presented.

In addition, what can be observed from the graphs isttimfemale articipants had a
tendency to sing at a higher frequertbgn the frequency of théone they were trying to
reproduce however, as théone got higherthey started singing lower and lowathen they
had to reproduce G4, the highdsne, they all sang lower than the actuahe. On the other
side, the male participants mostly gaat a lower frequencyHowever, it differed a bit more

than the females and during the ldshe, G3, in averaginey sancat a higher frequency.

Thee was a small difference between tharticipants that had the most musical
training andscored themselves the highest on the seféluationof their singing ability
(participant 2,3,8). Ther vocal reproductions werall closer to the frequency of thiene

they were attempting to reproduce than the other participants

The standard deviation on the graph and 2 varieduite a lot. The participants had
different levels of musical training and so some of their pitches were generally a lot closer to

the frequency of the tones than otheisence the big gap between the vocal reproductions.
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Discussion and evaluation

The resultsdemonstratethat there is a difference between how well the ear interpeet
musictone. They support my hypothesis that when thee was played into the left ear, the
vocal reproduction of theone would be more accurate than when ttane was plagd into
the right ear of the participants. The vocal reproduction of all participants was closer to the
frequency of thdone they were attempting to reproduce when the sound was played into
their left ear than when it was played into their right ear. fFtest performed on the results
showedsignificant results for 30/40 tesandstrengthened my hypothesikat this
difference had something to do with the right hemisphere/left ear being the dominating side

in interpreting music.

There was however one exception which was when the male participants were
attempting to reproduce théone G3 (196 Hz), the mean frequencies of the vocal
reproductionshowthat on average, their vocal reproductions were more accurate when the

tone was plagd into their right ear. (semble 4).

The experimentvascarried out in a way thadrrors could have occurred, resulting in a

slight change in the data.

The first issue with the investigation is the number of trial and participants. In order
for a study to have a true impact on the knowledge us humans have about a subject, the
number of participants should be around 100, only eight participants were a part of this

investigation. In addition, more trials should be performed on each individual.
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Anothererror could have occurredue to the time between when the participants
heard thetonein their left ear and in their right ear. There was no real break after the
participants attempted to reproduce the sound they heard being played into their left ear.
Therefore, the vocal reproductiaiter they heard theéone in their right ear could habeen
more accurate as they had just heard it in their left ear. In order to avoid this error, there
should be a break between when ttome is played into the left ear and the right ear. In
addition, during that brealt could be a good idea to makee participants listen to
something elsén order for them to completelfprget the tone they just listened t®uring
the experiment the order was alwatysfirst play the tone into theieft earand then right
ear. This is anotheveakness from my experent. Itprobably would havencreased the
accuracy of the results alternate the first ear théone wasplayed into. For example, for the
females making them listen to the tone C4 first in their left ear and then in their riglanear
for the second trial making them listemthe tone into their right ear first and then into their

left ear.

Another issue with the experiment could be the setting of the experiment. | was alone
with the participants during the experiment, but it was done @ros| groundsl attempted
to find a room withas little background noise as | couldds there were still somebackground
noises. This could have prevented the participants from focusing fully tongnthat was
being played into their ealn order toimprove this, eitheheadphones coultdave been
used, the type that covethe entire ear or evenoise cancelling headphones abblve

been worn over the small earphones in order to cancel out the background noise.

Using an electronic keyboard to produce theesthe participants were asked to

reproduce was not the best option. A study was done by the Department of Communication
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Sciences & Disorders of James Madison Univérslty a A y @SaGA 3L GS K2¢g @201
INBIlj dzSyO0e O2yiNRft ¢l & Ay Tt dzSy OSRThérésultstow G A Yo N
that the participants, that consisted of only females, were more accurate at matching the

pitch when it came from a female voice due to the similarity to the@artLJr y 1 Qa @2 A OS ®
Therefore, | believe that the tone the participants were asked to reproduce should have been

from a male and female voice.

B KNAAG2LIKSNI 21 G0ar GCAYVIONDRA KNY.FIf @SgeuS@e g2y @201t LIAGO
https://www.tandfonline.com/doi/full/10.1080/14015430802028434?scroll=top&needAccess%irliduly,
2009)



https://www.tandfonline.com/doi/full/10.1080/14015430802028434?scroll=top&needAccess=true
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Conclusion

From the experiment, it can be understood that the left ear interprets music better than
the right ear. Tie experiment consisted in making participants reproduce tones played into
their left and right ear separately. The results showed a trend of a more accurate vocal
reproduction when the tone was played into the particip&ett ear rather than the right
ear, whichis in line with my hypothesiShere was one exceptith?2 (1 KS YI f SQa NB A&«
mean frequencies of their vocal reproduction of the tone G3 seemed to be closer to the

actual frequency of the tone when it wasysd into their right ear.

There were some errors and problems to the experiment such as background noise
that could have disturbed the participants when they were trying to listen to the tone they

then had to reproduce or a lack of participants and trials.

These findings are not enough to know for sure that the left ear dominates in
interpreting tones; however, it could be a start and together with studies done on the right

~ A

SIFND&a R2YAYylIyOS Ay SOA LK S NAbg A bréa8hxagHii  O2 Y Y dzy
medicine. Coné $8da2y SELI IAYSR K246 KSNIIYyR {AyAy3aSN
studies about the difference in the left and right ear could H#fia: person is completely

deaf, our findings may offer guidelines to surgeons for placing éeao@mplant in the

individual's left or right ear and influence how cochlear implants or hearing aids are
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programmed to process sound,” "Sotprdcessing programs for hearing devices could be

individualized for each ear to provide the best conditionfiéaring speech or musi&?"

BE2NR {GAf S&as ab Sy 08 aynigs? hEdBs.adzonhbl.edu/NBMEVRE@Emveear
preferencegoo, (September 2, 2004)



https://uanews.arizona.edu/story/newborns-have-ear-preferences-too
https://uanews.arizona.edu/story/newborns-have-ear-preferences-too
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Appendix

Appendix I Questionnairdor the participants

Participant

The research will be cc

in any way.

“. I understand tha
participation in the study .

Age: AZ ‘
Gender:_mals

rede————

Musical
training:

Self-evaluati
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Participant7

in any way.

¥ 1 understanc

participation in the

rge: A7
Gender: _ﬂé_
Musical
training:

Self-evaluation of singing ability

Participant Signature

Date: A&.06 .49
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Participant 2

s
Gender: feamale
-

Musical
training : A2

g

Self-evaluation

Participant
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Participant 3

=3 v I understand tha
name will not be identified

in any way.

_ " 1understand that
participation in the study and

Age: lﬂ )
Gender: M

Musical
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Participantt
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