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the quality of such exams by assessing if it’s possible to produce computer-based aids 

for that end. Briefly stated, this is done by combining computer-based analyses of the 

sound recordings taken at the entrance exams with the statistical information from the 

assessment forms filled by the jury members at those exams. 

This thesis grew out from the questions that emerged from the research done as part 

of the project. Employing the sounds recorded by the research group, a survey was 

devised to find out the acceptable frequency ranges for the answers given to the single 

note repetition questions at the conservatory entrance exams. 
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of hours of laborious work. I express my sincerest thanks to those who participated in 

the survey with extreme patience and devotion. I’m indebted to my wife, Merve Doğan 

Köker, who tirelessly shared her knowledge on the subject with me. Finally, I thank 

my advisor Assoc. Prof. Dr. Ozan Baysal and all others worked as part of the research 

group – without them, I could not even imagine producing such a work. 
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THE ACCEPTABLE PITCH RANGE(S) FOR SINGLE NOTE 

REPETITIONS IN MUSIC APTITUDE EXAMINATIONS 

SUMMARY 

This thesis grew out from the research questions that emerged from the research done 

as part of the project “Müzik Algısı Ölçme-Değerlendirme Sınavlarında Ses-İşleme 

Araçlarının Kullanılabilirliği” [The Applicability of Sound-Processing Tools in the 

Exams for Music Perception Assessment and Evaluation] funded by TÜBİTAK 

(Türkiye Bilimsel ve Teknolojik Araştırma Kurumu [The Scientific and Technological 

Research Council of Turkey]) (Project no.: 215K017). 

Employing the sounds recorded for the aforementioned project, a computer-based 

survey was devised to find out the acceptable frequency deviation ranges for the 

answers given to the single note repetition questions, in which the prospect students of 

the conservatory try to reproduce a reference pitch played on the piano by their voices. 

The survey was conducted on faculty members teaching music-related topics at the 

university, and on people who will be eligible to become faculty members soon, with 

35 participants in total.  

Two major outcomes arose from the data gathered through the survey. Firstly, it was 

found out that there was indeed an acceptable frequency deviation range for a pitch 

sung by a prospect student to be considered a successful repetition of the reference 

pitch played on the piano: The survey participants taking the role of the jury members 

at conservatory entrance exams accepted performances with a quite big range of 

frequency deviations from the reference pitch as successful. This range which 

participants deemed acceptable as successful was approximately 75 cents, distributed 

unevenly around the absolute correct pitch. For the deviations lower than the absolute 

correct pitch, the success rates did not fall under the 60 % threshold until the deviations 

got approximately as big as 45 cents. For the deviations higher than the absolute 

correct pitch, the success rates did not fall under the 60% threshold until the deviations 

got approximately as big as 30 cents. 

Secondly, it was found out that besides the fundamental frequency of the sung note, 

variables such as pitch envelope, timbre, and octave differences also affect the 

perceived pitch. This means that at the conservatory entrance exams the jury members’ 

evaluation of the prospect students might not be fair, since the effects of such variables 

on the evaluation process are unknown. 
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MÜZİK YETENEK SINAVLARINDA TEK SES TEKRARLARI İÇİN 

KABUL EDİLEBİLİR PERDE ARALIĞI (ARALIKLARI) 

ÖZET 

Bu tez, TÜBİTAK (Türkiye Bilimsel ve Teknolojik Araştırma Kurumu) destekli 

“Müzik Algısı Ölçme-Değerlendirme Sınavlarında Ses İşleme Araçlarının 

Kullanılabilirliği” adlı proje (proje no. 215K017) kapsamında yapılan araştırma 

sırasında ortaya çıkan araştırma sorularından hareketle şekillenmiştir. 

Bahsi geçen proje için kaydedilen sesler kullanılarak, konservatuvar giriş sınavlarında 

aday öğrencilerin piyanoda çalınan bir referans sesi şarkılayarak tekrar etmelerinin 

istendiği tek ses tekrarı sorularına verilen yanıtlar için kabul edilebilir frekans sapma 

aralıklarının bulunması için bilgisayar tabanlı bir anket tasarlanmıştır. 

Anket, üniversitelerde müzikle ilgili alanlarda ders veren akademik personel ve pek 

yakında öğretim görevlisi olmaya hak kazanacak kimseler üzerinde uygulanmıştır. 

Toplam katılımcı sayısı 35’tir. 

Anket yoluyla toplanan veriden iki ana sonuç ortaya çıkmıştır. İlk olarak, aday öğrenci 

tarafından şarkılanan perdenin piyanoda çalınan referans perdenin başarılı bir tekrarı 

sayılabilmesi için gerçekten de kabul edilebilir bir frekans sapma aralığı olduğu 

görülmüştür: Konservatuvar giriş sınavı jüri üyesi rolünü üstlenen anket katılımcıları, 

referans perdeden oldukça büyük frekans sapmalarına sahip performansları başarılı 

kabul etmişlerdir. Katılımcıları başarılı kabul edilebilir bulduğu bu aralık, mutlak 

doğru perdenin etrafında eşitsiz bir dağılımla, yaklaşık olarak 75 cent’tir. Mutlak 

doğru perdeden pes sapmalar için başarı değerleri, sapmalar yaklaşık -45 cent gibi bir 

değer alıncaya dek %60 sınırının altına inmemiştir. Mutlak doğru perdeden tiz 

performanslar için başarı değerleri, sapmalar yaklaşık +30 cent gibi bir değer alıncaya 

dek %60 sınırının altına düşmemiştir. 

İkinci olarak, performanslar değerlendirilirken, şarkılanan notanın temel frekansı 

dışında, perde zarfı, tını, oktav farkları gibi değişkenlerin de algılanan perdeyi 

etkiledikleri görülmüştür. Bundan, konservatuvar giriş sınavlarında jüri üyelerinin 

aday öğrencileri değerlendiriş şekillerinin adilane olmayabileceği anlamı çıkmaktadır, 

zira bu değişkenlerin değerlendirme süreçlerini nasıl etkilediği bilinmemektedir. 

 

 

 

 

 

 

 



xxii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 

 

1.  INTRODUCTION   

This thesis grew out from the questions that emerged from the research done as part 

of the TÜBİTAK (Türkiye Bilimsel ve Teknolojik Araştırma Kurumu [The Scientific 

and Technological Research Council of Turkey]) funded project titled “Müzik Algısı 

Ölçme-Değerlendirme Sınavlarında Ses-İşleme Araçlarının Kullanılabilirliği” [The 

Applicability of Sound-Processing Tools in the Exams for Music Perception 

Assessment and Evaluation] (Project no.: 215K017)1. 

Employing the sound recordings done as part of the aforementioned project, a 

computer-based survey was devised to find out the acceptable frequency deviation 

ranges for the answers given to the single note repetition questions take part at 

conservatory entrance exams, in which the prospect students of the conservatory try to 

reproduce a reference pitch played on the piano by their voices.  

To this end, the first phase of the entrance exams of İstanbul Teknik Üniversitesi Türk 

Musikisi Devlet Konservatuvarı (İTÜ TMDK) [Istanbul Technical University Turkish 

Music State Conservatory] was chosen as a case study2.  

                                                 

 
1 As a bursar of this project, the author of this text has been part of a research group of engineers and 

musicologists (namely, Prof. Dr. Turan Sağer, Prof. Dr. Nilgün Doğrusöz Dişiaçık, Assoc. Prof. Dr. 

Barış Bozkurt, Assoc. Prof. Dr. Ozan Baysal, and Burçin Bahadır Güner) since June 2016 with a short 

break in early 2017. The work of this group then can be summarized as combining computer-based 

analyses of the sound recordings taken at the entrance exams with the statistical information from the 

assessment forms filled by the jury members at those exams to see what kind of aids would be beneficial 

in the entrance exams and if it’s possible to create such aids on the computer. 

 
2 The first phase of the entrance exams of İTÜ TMDK consists of several sections: (i) Pitch repetition, 

in which the prospect students try to reproduce a reference pitch played on the piano by their voices; 

(ii) dyad repetition, in which the prospect students try to reproduce a harmonic dyad played on the piano 

by their voices intervalically; (iii) triad repetition, in which the prospect students try to reproduce a 

harmonic triad played on the piano by their voices intervalically; (iv) tonal melody repetition, in which 

the prospect students try to reproduce by their voices a melody in major or minor tonalities played on 

the piano; (v) modal melody repetition, in which the prospect students try to reproduce by their voices 

a melody in modes reminiscent of Makams in Turkish music played on the piano; (vi) regular rhythmic 

repetition, in which the prospect students try to reproduce by hitting a table with a pen a divisive rhythm 

played by a jury member by hitting a table with a pen; (vii) irregular rhythmic repetition, in which the 

prospect students try to reproduce by hitting a table with a pen an additive rhythm played by a jury 

member by hitting a table with a pen. 
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When designing and conducting the survey, free software was employed as much as 

possible to make sure that if a researcher even wants to reproduce the survey, he/she 

should be able to do so with a small budget. Consequences of this choice will be 

discussed in the following chapters. 

Following this introductory chapter comes Chapter 2, which contains a literature 

review, in which it is argued that there are no precedent studies similar to this thesis, 

but the literature on pitch perception might prove helpful to get a general 

understanding on the subject. Chapter 3 describes how the survey was designed and 

conducted. Chapter 4 offers the findings of the statistical analyses conducted on the 

data gathered via the survey. Chapter 5 discusses how these findings should be 

interpreted, and what these interpretations suggest for further research and for the 

improvement of conservatory entrance exams. 
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2.  LITERATURE REVIEW  

No other study dealing with the conservatory entrance exams that take place in Turkey 

was found. Nevertheless, there’s a body of work regarding the entrance exams of 

music-related departments in fine arts faculties, and of the music education 

departments in faculties of education in Turkey. For example, there are studies that 

deal with standardization of entrance exams (Atak Yayla and Yayla, 2009), reliability 

of the entrance exams (Atar et al., 2013), and inter-jury reliability in the entrance 

exams (Ece and Kaplan, 2008). 

Among these studies, however, there isn’t one study that shares similarities with this 

thesis. The distinctness of this thesis arises from its focus on the sound, while all others 

focus on textual data.  

Additionally, no other study dealing with the conservatory entrance exams in countries 

other than Turkey was found. Nevertheless, there’s a body of work regarding the tests 

designed to evaluate musical skill, expertise, aptitude, and such3.  

Two recent tests somewhat comparable with conservatory entrance exams were 

mentioned in the relatively recent studies in Europe. One of these recently mentioned 

tests was the Musical Ear Test (Wallentin et al., 2010).  

This test consists of 104 trials where participants were asked if the two consecutive 

phrase pairs they’ve heard are identical or not (Wallentin et al., 2010, p. 189). Trials 

consisting single pitches instead of phrases are non-existent.  

Wallentin et al. (2010) state that even though the “correlation between musical 

expertise and music processing” is “well-documented”, “many, if not most, cognitive 

investigations of music actually leave out individually measures of musical expertise”. 

                                                 

 
3 It should be noted that the literature regarding the older tests such as the famous one by Carl Seashore 

were overlooked in the context of this thesis, not because these tests are outdated, but because a 

historical account and assessment of such tests would be much beyond the scope of this thesis. 
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They argue that “the reason for this may be that an easily available, well-documented, 

objective, short, up-to-date test that reliably distinguishes musical expertise is 

lacking”. They state that the Musical Ear Test meets these criteria (p. 188).  

They report that the three experiments done prove that this test “clearly distinguishes 

even small groups of professional-, amateur- and non-musicians; […] correlates with 

the imitation test, used both at the academies of music in Denmark at entrance, mid-

term and final exams, and in several studies of musical expertise […]; and […] 

correlates with amount of musical practice (Wallentin et al., 2010, p. 188, 195). 

According to Wallentin et al. (2010), the aforementioned imitation test, where the test 

participants get asked “reproduce short rhythmical and melodic phrases using hand-

claps and singing”, is not fit for “testing musical perception in amateur- and non-

musicians”, because not only it “often yield[s] a floor effect”, but also it may be not 

“optimal” for “experimental purposes”, “since it involves an element of subjective 

judgment of participants' imitation” (p. 189)4. 

The other of these recently mentioned tests was the Swedish Musical Discrimination 

Test (Ullén et al., 2014).  

Ullén et al. (2014) state that the “endeavours to objectively measure musicality since 

the early 20th century” have been many. Yet, according to them, the “correlations 

between different tests and between tests and criteria such as teacher’s ratings and 

music school grades” are “relatively moderate”, because “different tests use different 

operationalisations of musicality”. In fact, according to them, there are two main 

approaches for testing “musicality” (p. 87).  

“The atomistic approach”, say Ullén et al. (2014), “is based on the assumption that 

musicality is made up of several relatively narrow and distinct musical abilities”.  

According to them, “tests in this tradition have typically focused on basic sensory 

abilities, such as discrimination of various musically relevant sound stimuli” (p. 87).  

                                                 

 
4 On one hand, one could argue that this test might be analogues to the conservatory entrance exams in 

Turkey, but since it does not contain a single note repetition section, we’ve ignored it in the context of 

this thesis. 
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Ullén et al. (2014) reports that although “empirical data” suggest that there's some 

truth to the “idea of independence of musically relevant perceptual abilities”, 

“individual differences in discrimination tasks are […] also influenced by more 

general factors. “In fact”, they state, “auditory discrimination tasks positively correlate 

with a broad range of non-musical cognitive tasks and psychometric modelling shows 

that general intelligence […] is an important factor underlying the positive covariation 

between different ‘atomistic’ tests of musical discrimination” (p. 87) [Single quotation 

marks are of original text]. 

 “The omnibus approach”, on the other hand, considers “musicality” as “a general 

high-level ability” (Ullén et al., 2014, p. 87). According to Ullén et al. (2014), “tests 

developed within this tradition are less concerned with characterizing components of 

musicality but rather tend to use a holistic approach where complex, acquired musical 

knowledge is assessed”. “Typical […] items” in the tests based on this approach, say 

Ullén et al., “may involve quality judgments of musical performances or the 

production of musically meaningful responses to stimuli” (pp. 87-88). 

The differences between the two approaches “mean that the omnibus tests typically 

are aimed at practicing musicians, while the atomist tests can be used for a wider range 

of purposes” (Ullén et al., 2014, p. 88). 

Ullén et al. (2014) add that there is a third group of “musicality tests that do not easily 

fit into either of these main traditions as they focus on musical engagement, motivation 

and interests rather than the cognitive capacity to process musical information as such” 

(p. 88). 

“The Swedish Musical Discrimination Test”, with its purpose “to provide measures of 

basic aspects of musical ability operationalised as discrimination ability for auditory 

musical stimuli”, employs the atomistic approach (Ullén et al., 2014, p. 88). Ullén et 

al. (2014) reports that in designing this test, they aimed to produce a test with a “short 

test-taking time, allows for online administration, and has a suitable difficulty level for 

general musically untrained populations in industrialized countries” (p. 88). 

There were 6881 participants in this test conducted as part of a larger online survey 

(Ullén et al., 2014, p. 88). The pitch-related section of the test consisted of sine waves. 

In this section, participants listened pairs of tones; one with F0 of 500 Hertz (Hz), other 
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with its F0 being in the range of 501-517 Hz. The order of tones in each pair were 

randomized. The task was to indicate if the first tone was higher or lower than the other 

tone with the difficulty getting “increased progressively by making the pitch difference 

between the notes smaller”. There were two other sections dealing with the domains 

of melody and rhythm (Ullén et al., 2014, p. 88). 

Ullén et al. (2014) reports that the “internal consistencies and split-half reliabilities 

were excellent for all three scales” (melody, rhythm, and pitch). They state that all 

three scales “were associated with both musical experience, i.e. having played a 

musical instrument, as well as formal musical education” (p. 90).  

Ullén et al. (2014) reports that “preliminary analyses showed that sex had a small mean 

effect on Pitch […] with a slightly lower mean for females […] than for males […]”, 

while “age showed a significant mean effect on Rhythm […] and Pitch […], with 

decreased discrimination skills with increased age” (p. 91). Thus, it seems Ullén et al. 

(2014) managed to archive their goal to produce a short online test that “has a suitable 

difficulty level for general populations” (pp. 88, 92).  

It should be now clear that neither of these two tests share similarities in their structure 

or aim with the conservatory entrance exams in Turkey. The unique content and 

function of the conservatory entrance exams renders it harder to do any comparative 

study regarding its reliability, efficiency, and fairness.  

Along with the literature regarding the tests, a review of literature regarding how pitch 

is perceived should also prove to be beneficial when interpreting the data gathered 

through the survey. 

Oxemham (2012) states that pitch is one of the three “primary auditory sensations”, 

the other two being loudness and timbre (p. 13335).  Similarly, Kollmeier et al. (2008) 

state that “the transformation of acoustical signals into auditory sensations can be 

characterized by psychophysical quantities such as loudness, tonality, or perceived 

pitch” (p. 61). 

“Put it simply”, says Oxemham (2012), “pitch is the perceptual correlate of the 

periodicity […] of an acoustic waveform”. According to Oxemham, most common 

“pitch evoking sound” is “a harmonic complex tone” (p. 13335): 
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This periodic waveform repeats at a rate corresponding to the fundamental frequency (F0) and 

can be decomposed into sinusoidal harmonics or overtones, which have frequencies at integer 

multiples of the F0 […]. The relative amplitudes of the harmonics within a complex tone play 

an important role in determining the sound quality, or timbre, of a sound. Despite differences 

in timbre and loudness, two tones generally have the same pitch if they share the same F0 

(Oxemham, 2012, p. 13335). 

Oxemham (2012) reports that “although young humans with normal hearing can hear 

sounds with frequencies between ~20 and 20,000 Hz, only repetition rates between 

~30 and 4000 Hz elicit a pitch sensation that is salient enough to carry melodic 

information” (p. 13335). 

Oxemham (2012) states that perceived pitch of “a tone” can retain even when “all the 

energy at the F0 is removed or masked by noise (p. 13335): 

From a perceptual standpoint, it makes sense that the pitch of a sound remains constant after 

the lowest harmonic components are removed or masked (occluded), so that some degree of 

perceptual invariance of a sound source can be maintained in a cluttered acoustic environment 

(Oxemham, 2012, p. 13335). 

Oxemham (2012) states even though pitch is often considered as independent from 

other “perceptual dimensions, such as loudness and timbre”, “some interactions” 

among them exist. He reports that “intensity” (loudness) and “brightness” (timbre) can 

affect the pitch perceived. In fact, detecting small pitch differences between sounds 

with different timbres was found to be hard even among the musically trained listeners 

(p. 13337). In this regard, Zarate et al. (2013) reports that recent studies found that (i) 

the manipulation of timbre (between dull and bright) affects the perception of the 

melodic interval size, (ii) both musicians and non-musicians discriminate intervals 

better when complex sounds are used instead of pure tones, and (iii) musicians and 

non-musicians have similar thresholds of pitch and interval discrimination for both 

pure and complex tones (p. 1). Similarly, according to Vurma (2014), recent studies 

show that timbral differences of the sounds with the same F0 value can be perceived 

as pitch-shifts by musicians and non-musicians (p. 1).  

Vurma (2014) also reports that studies show that increasing SPL (sound pressure level) 

values of “pure tones” causes the perceived pitch to get higher for the F0 values above 

4000 Hz and get lower for the F0 values below 2000 Hz. She adds that this effect is 
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“less pronounced in the case of complex tones” (p. 2), so we can safely state that the 

effects of any SPL changes can be overlooked in this thesis, since our material is 

composed of complex sounds generated by piano and voice. 

Kollmeier et al. (2008) report that when the frequency of a low frequency sine wave 

gets gradually increased, the perceived pitch increases linearly with that frequency up 

until 500 Hz threshold. When the frequency goes above 1000 Hz, however, the pitch 

perceived increases “approximately logarithmically with the increasing pitch” (p. 64).  

According to Kollmeier et al. (2008), this relationship between the frequency and the 

perceived pitch resembles “the mapping of frequencies on the basilar membrane” 

inside the cochlea, where one half of the membrane reserved for the frequencies up to 

2000 Hz, and the remaining frequency range of 2000-20000 Hz is handled by the other 

half. Similarly, JND (just noticeable difference) values for frequency for such sine 

wave is reported to be 3 Hz for frequencies below 500 Hz (thus, linear), and %0,6 for 

frequencies above 1000 Hz (hence, logarithmic). Kollmeier et al. add that as the 

frequency of sine waves increases, their pitch strength decreases steadily (pp. 64-65). 

Kollmeier et al. (2008) state that compared to the perception process regarding sine 

waves, “a much more distinct pitch perception” occurs when one deals with broad 

band sounds such as musical instruments and “voiced speech elements”. According to 

them, the pitch perception for these complex sounds results at lower frequencies from 

temporal cues, and at high frequencies from spectral cues. They report, however, that 

“for the perception of the pitch frequency range of normal speech with F0s between 

approximately 80 Hz and 500 Hz, […] predominantly temporal cues are exploited by 

our ear”. For this range, they say, JND for pitch is approximately 1 Hz – meaning that 

the resolution for the F0s of complex sounds surpasses the resolution for the single 

sine waves (p. 65). 

As part of an experiment, Zarate et al. (2013) created a sine wave with F0 of 349,23 

Hz, corresponding to “an F4 in Western music”. Additionally, three instrument sounds 

(piano, flute, and voice) were generated using an electric keyboard at the same F0 

value. Using these four sounds with their common F0 value, additional tones were 

created with F0 values deviating from the original F0 value with increments of 25 

cents. All these tones eventually were paired up to create intervals between the range 
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of 0 to 100 cents. Zarate et al. made a group of musicians and non-musicians (29 

subjects in total) listen to 500 different pairs made out of these interval pairs and asked 

them which ones contained the bigger interval employing a “two-alternative forced-

choice design” (pp. 2-3). 

Pitch discrimination threshold was found to be 14,6 cents for musicians and 44,1 cents 

for non-musicians by Zarate et al. (2013). Musicians discriminated better all intervals 

compared to non-musicians. The pairs containing pure tones especially were 

discriminated by musicians much better than non-musicians. Among four timbres, the 

pairs with pure and piano tones were much more accurately discriminated by non-

musicians interval-wise. Both musicians and non-musicians discriminated more 

accurately as the intervals got bigger (pp. 3-4). 

Except for the intervals of 25 cents, the interval-discrimination was best with pure 

tones. Sensitivity to F0 changes was lowest for the flute tones. Accuracy for F0 

changes was lowest for the voice tones (Zarate et al., 2013, p. 5). 

A bias towards choosing the second interval of the pairs as the larger one was observed 

at all intervals, with non-musicians being more biased towards this decision than 

musicians. Musicians’ bias decreased as the intervals grew, but there was not much 

difference between the intervals of 50 cents and 75 cents. For non-musicians, bias 

decreased significantly only for the intervals of 100 cents (Zarate et al., 2013, p. 5). 

For the intervals of 75 cents and above, the bias was lowest for the pure tone. For all 

intervals, the bias was lowest for the pure tone compared with flute and voice tones. 

When there was no difference between F0 values, compared to musicians, non-

musicians tended to pick intervals containing instrument tones as the bigger intervals 

(Zarate et al., 2013, p. 5). 

Thus, subjects did better and faster with pure tones compared with the complex 

instrumental tones (Zarate et al., 2013, p. 7). Zarate et al. (2013) argues that this 

unexpected result might have come into existence because they sequenced different 

timbres back to back hoping that those would get perceived as constituting intervals, 

but since such differences violated the expectancies of the participants, they might 

have caused distractions during the discrimination process, resulting a better 

performance with pure tones, even though they are known to be harder to interpret. 
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They add that this might have happened also because the relatively more frequent 

introduction of the pure tones compared to other tones during the experiment resulted 

in “a practice effect” (p. 7). 

Zarate et al. (2013) report that “pitch changes seem to be best perceived (regardless of 

timbre) when F0 changes by at least 4%; the perception of smaller F0 changes is more 

influenced by timbre changes”. Yet they point out the fact that two of the intervals 

(namely, 25 cents and 50 cents from the 349,28 Hz) employed in their study were 

smaller than a difference of 4% from the original frequency, forcing the participants 

focus on timbre to detect pitch changes instead of focusing pitch itself (pp. 7-8).  

As part of an experiment, Vurma (2014) made 31 professional musicians (16 pianists 

and 15 string players) to listen to 528 pairs of musical notes generated by digitally 

manipulated recordings of a viola. There were three distinct “pitch regions” (D#3, D4, 

and C#5) employed with their F0s manipulated in different ways (-60, -40, -20, 0, +20, 

+40, +60 cents). “Timbral succession” of the pairs were also altered: Bright-dull, dull-

bright, bright-bright, dull-dull. Additionally, a silence of 3,5s was introduced in 

between some pairs (pp. 2-3).  

Vurma (2014) reports that the participants tended to miss F0 differences when 

comparing identical timbres, while they gave false alarms for pairs with different 

timbres (p. 11). 

The sensitivity for F0 differences was at its highest when both tones had bright timbres, 

and was at its lowest when only the tone with lower F0 had the bright timbre (Vurma, 

2014). When the tone with higher F0 had the brighter tone, or both timbres were 

identical, participants detected the differences of 20 cents and more. When the tone 

with lower F0 had the bright timbre, however, they failed to detect the differences of 

20 cents, and some of them even failed to detect the differences of 40 cents (p. 11). 

Vurma (2014) reports that string players scored better in her study compared to 

pianists. She argues that the viola sounds employed in the test might have caused this 

difference (p. 11). 

Vurma (2014) reports that false alarms increased when no silence was present in 

between the tones. She adds that the sensitivity towards differences was better when 
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there was a 3.5s silence between tones. She states that this shows that “our nervous 

system requires some time in order better to separate pitch information from timbral 

information” (p. 11). 
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3.  MATERIAL AND METHODOLOGY   

3.1 Design of the Question Set 

Reviewing the recordings done as part of the aforementioned project, the recordings 

(in 16-bit PCM wave format, stereo) of 6 different voices that didn’t have much 

interfering outside noises such as people walking in the corridors or practicing their 

instruments in one of the practice rooms were picked. From these 6 recordings, 57 

single-note recordings that had no trace of any outside noises were produced using the 

free audio editing software Audacity 2.1.2 (in 16-bit PCM wave format, mono). 

Using the software Tony (Mauch et al., 2015) in its stock settings, the single-note 

recordings were analyzed to see their content with respect to pitch. The recordings 

containing more than one pitch according to Tony were eliminated from our recording 

pool (15 of them, to be exact), since such recordings would introduce random variables 

we could not control in our data.  

From the remaining 42 recordings, 12 recordings (one half containing male, the other 

containing female voices) that contained pitches approximating the pitches of the equal 

temperament (Url-1) with the tolerance limit of 1 cent were picked. It should be noted 

that 12 recordings don’t necessarily mean 12 different pitches. Instead of employing 

each pitch possible, examples of the same pitch class from different octaves were 

included to have data for future studies to see if the note register influences the 

evaluation of single note performance.  

These 12 recordings would be the examples of successful performances to be presented 

in the survey. To be able to examine the range of tolerable F0 deviations for the single 

note repetitions when evaluating performers in the conservatory entrance exams, 

recordings of faulty performances with various controllable levels of pitch deviations 

were also needed. Creating such recordings by processing the recordings of successful 

performances already available was an easy choice, since it was thought that it would 

be easier than recording audio with such content.  
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For the faulty performances, going far than ±49 cents from the original pitch didn’t 

make much sense, since a -/+50 cents difference stands at the center of two different 

pitches and any differences beyond a ±50 cents limit would mean that we were now in 

the domain of a different pitch. Since Zarate et al. (2013) reports that the pitch 

discrimination threshold was found to be 44,1 cents for even non-musicians (p.3), 

going beyond 45 cents would be an excess in this survey, in which every participant 

would have musical expertise. Thus, it was determined that the maximum deviation 

from the original pitch should be ±45 cents, leading to a total deviation range of 90 

cents. 

Zarate et al. (2013) also reports that the discrimination threshold was found to be 14,6 

cents for musicians (p.3). Rounding up this threshold to 15 cents, it was decided that 

the range of 90 cents should be divided in a way that there is a spot for the deviations 

of 15 cents. The common divider of 5 was considered, but since it would lead to an 

abundance of material, it was decided that the range of 90 cents should be divided into 

steps of 7,5 cents, producing 12 different out of tune versions of the original pitches 

(Table 3.1). 

Table 3.1 : Possible versions of each original recording; 13 in total. 

(-) Deviations (in cents) Original 

Pitch 

(+) Deviations (in cents) 

-45 -37,5 -30 -22,5 -15 -7,5 No 

deviation. 

+7,5 +15 +22,5 +30 +37,5 +45 

 

With the help of the free online tool titled “Changing of the frequency about a cent 

value” (Url-1), the F0s for the out of tune versions to be created were calculated. Using 

the “Change Pitch…” effect in Audacity, 12 out of tune versions (in 16-bit PCM wave 

format, mono) were realized for each of the 12 original recordings. At this stage, 156 

performance recordings (12 originals, along with 12 additional versions of each) to be 

employed in the survey were available. 

Then two distinct problems occurred. Firstly, when looking over these 156 recordings 

on Tony to see if any human error was made, it was seen that Tony didn’t offer a way 

to check if our 7,5 cent steps were implemented free of error, since it showed 
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information regarding cents only in whole numbers, rounding the decimals to the 

closest whole number. Thus, the deviations of 22,5 cents, for example, would read 

either 22 cents or 23 cents.  

Secondly, it was seen that Audacity’s pitch shifting tool worked with much less 

accuracy than it was hoped. For example, when one of the successful recordings was 

picked and got processed to produce a version of it that’s +45 cents higher, the 

rendered recording file read a couple of cents higher or lower on Tony. Eventually, it 

was decided that Audacity’s pitch shifting capabilities lacked the quality needed for 

such a process, since no human error was found5. 

To solve these two problems, each deviation step (such as +7,5 cents, -22,5 cents, +30 

cents, -45 cents and so on) was treated not as a spot based on a fixed deviation ratio, 

but the center of a region that spreads over a small range of cents. So, for example, a 

sound that was processed to be 30 cents lower than an equal temperament pitch, but 

turned out to be only 29 cents lower was considered to be part of a deviation level 

region that included every out of tune recording produced to be 30 cents lower, be it 

on spot or a bit off. Thus, based on the 12 different steps of deviation, 12 different 

regions of deviation were produced (Table 3.2).  

 

 

 

 

 

 

 

 

 

                                                 

 
5 At this point, it could be possible to redo everything done so far using paid professional software to 

be able to produce the material with much more precision. Yet the idea of paid software being an 

obstacle for further research by preventing the reproduction of the setup of this study seemed also 

problematic, so it was decided that the usage of the free software should be continued. 
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Table 3.2 : Regions and their content. 

 

Using the free virtual studio technology called Iowa Piano in the free digital audio 

workstation titled Tracktion 5, eight piano recordings (in again 16-bit PCM wave 

format, mono) containing single piano notes were produced. The reason a different 

piano recording for each of the 12 original performance recordings wasn’t produced is 

the fact that while listening to more than 1000 unique performances throughout the 

aforementioned project, it was never encountered a female singer who didn’t 

reproduce what she heard on the piano exactly on the same octave, and it was never 

encountered a male singer who didn’t reproduce what he heard on the piano an octave 

lower. Thus, in the pursuit of simulating an exam performance, a single pitch on piano 

could be both used as the reference for female singing the same pitch and as the 

reference for male singing that pitch one octave lower.  

It should also be noted that this octave difference means that when talking about the 

deviation regions, the word pitch implies the pitch classes (such as C, E, G#, etc.) 

instead of the absolute pitches themselves (such as A4, middle C, F#3 etc.). 

Since pianos do not get tuned in equal temperament in mathematical sense, the same 

processes that were employed to produce out of tune performance recordings were 
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used on the 8 piano recordings to make them comply with equal temperament as much 

as the software allowed. 

After that piano recordings were combined with performance recordings to produce 

fake exam performances, using Tracktion 5 again. Thus, 156 recordings that contain 

both successful and relatively unsuccessful single-note repetition performances were 

produced. As an addition to these recordings, 9 recordings that contain piano 

references followed by random pitches that constitute diatonic intervals with the 

reference pitch were produced. These intervals going well beyond 45 cents were 

obviously unsuccessful as single-pitch repetition performances. Thus, it was thought, 

any participant who would give these performances a passing grade, either lacked skill 

or focus. Whichever the case, however, such a person should not be part of a fair exam 

jury. Hence, the data gathered from him/her wouldn’t be used in the context of this 

thesis. 

All these recordings containing pairs of references and performances were looked over 

to see if there was any human error made during their preparation. No human error 

was found, but it was realized that when these files got rendered new unwanted 

deviations in the pitch were developed. It was thought that that this issue came into 

existence either because of the shortcomings of Tracktion 5’s rendering tool, or simply 

because the sounds were too over-processed at this moment. Most of these new 

deviations were smaller than a cent and thus, they didn’t affect the pace of our study. 

The ones which deviated more than 1 cent from the aimed pitches were excluded from 

the material to be used in the survey. 

After this elimination, more than 100 recordings suitable for use were left in the 

question pool. Employing all of them would make the survey too long and thus add 

uncontrollable variables such as boredom to the data. So, it was decided to pick a 

certain number of performances to be included in the question set from each of the 

deviation regions. These questions were semi-randomized based on the following 

criteria: Disregarding octave differences, no two same notes should be presented back 

to back; no two recordings from the same region should be presented back to back; 

same gendered voices should not be heard more than 3 times back to back. 

Additionally, a group of questions were ordered in a way to create question groups that 

start with small deviations gradually getting bigger, and questions groups that start 

with big deviations gradually getting smaller, making sure that data on question 
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ordering would be available if ever needed. Some other groups were also created 

disregarding the criteria above and going totally random. The control questions that 

contain deviations bigger than 100 cents were placed in certain spots to function as 

distractors. The last 13 questions of the survey were duplicates of some questions 

included earlier in the survey to make sure that a second line of control questions were 

available if necessary. Ultimately, the question set of 74 questions were created (Table 

3.3).  

Table 3.3 : Final version of the question set. 
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3.2 Apparatus 

An HP laptop was used to run the software. The operating system was Microsoft 

Windows 10. The participants listened to the sounds through a pair of M-Audio 

HDH50 headphones. The sound level was set to 50 out of 100 on the Windows’ mixer. 

The input device was a wireless Dell mouse. To prevent any possible disruptions, the 

wi-fi connectivity, the anti-virus software, and the firewall software were disabled on 

the computer. 

A computer-based surveying tool was written using the Java Development Kit by 

Assoc. Prof. Dr. Barış Bozkurt, a key member of the aforementioned research group. 

The user interface of the software was designed in two columns. On the left column, 

4 buttons were located one under the other. On the right column, there were two 

checkboxes one under the other, along with an information box located below them 

(Figure 3.1). 

 

Figure 3.1 : The software interface. 

The first button on the left read “Basla(.jar dosyasini seciniz)” [Start(select the .jar 

file)] and was used by the author of this text to load the archive file with the extension 

“.jar” that was necessary by the design of the software to run the survey. The one below 

read “Dinle” [Listen] and it was used by the participants to start the survey and replay 

the sounds when needed.  

The third button on the left side read “Karari kaydet” [Save the decision] and was 

employed by participants to finalize their decision made using the checkboxes located 
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on the right column. Thus, this button would take no effect if none of the checkboxes 

were clicked.  

The final button located at the bottom of the left column was “Sonrakine gec” [Next]. 

The function of this button was to listen the next question after a decision regarding 

the question at hand was finalized. Thus, the button would work only after the 

“Sonrakine gec” button was pressed. 

On the right-hand side, the top of the column was reserved for the heading “Karar” 

[Decision], referring to the two checkboxes below, one reading “DOGRU” [Correct] 

and the other reading “YANLIS” [Incorrect]. 

At the bottom of the left column located was the information box. This box would 

guide the participants about what they should do to proceed. At the beginning of the 

survey, for example, it would inform participants about the fact that the survey would 

begin once they clicked “Dinle” button. Similarly, when all questions were answered, 

the box would state that the survey was completed. If the participant would click 

“Karari kaydet” without checking a box or would click “Sonrakine gec” without 

clicking “Karari kaydet”, the box would inform them that they’ve missed a step 

mandatory to proceed in the survey. 

After all questions were answered, the software would automatically produce a file 

with the extension “.txt” with the participants’ answers saved in it.  

3.3 Open-Ended Questions 

Following the computer-based survey, conversations were made with the participants 

to ask them some open-ended questions that would give the chance to put the data 

gathered using the survey software in some context. In short, these questions were 

designed to control the effects of some additional variables that shape the behavior 

patterns of the jury members. 

Along with the rather standard questions regarding gender and age, some additional 

questions were asked: Content of their formal education on music, how long they’ve 

been teaching in the university (if they teach), if they ever served as a jury member at 

the conservatory entrance exams, and if they had absolute pitch. Additionally, they’ve 

been asked if they had any other comments. 
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The data gathered through these open-ended questions were not employed in this thesis 

in their full extent, since they were beyond the scope of the thesis. Yet it is believed 

that these data might prove useful in the future studies with a more extended scope. 

3.4 Participants 

Since the main concern was to get information about the acceptable ranges for jury 

members of the conservatory entrance exam regarding the single note repetition 

performances, and since these juries consist of faculty with various musical 

backgrounds, the only criterion when picking participants was to make sure they are 

either faculty members teaching music-related topics at the university, or they are or 

soon will be eligible to become faculty members. 

A total number of 35 participants (24 male, 11 female) participated in the data 

gathering operation. It should be noted that the number of participants from each 

gender are not well distributed. Any possible effects of gender were not among the 

primary concerns at that moment, and thus gender was not an important criterion when 

the participants were picked.  

The average age of these 35 participants was roughly 30 with youngest ones being 20 

and the oldest one being 61 years old. It should be noted that the age differences among 

the participants are not well distributed. Any possible effects of age were not among 

the primary concerns at that moment, and thus age was not an important criterion when 

the participants were picked. None of the participants reported any health issues 

regarding their auditory system. 

11 of these participants were actively teaching at the university, 12 of them were 

eligible to teach even though they didn’t teach at the time of the survey (meaning that 

they had at least a bachelor’s degree in a music-related field), and the remaining 12 of 

them were pursuing their bachelor’s degree which gives them the authorization to 

teach at a university. 

Most of the participants (33, to be exact) were of Turkish nationality, and two of them 

were expats. This variable was also overlooked, since both expats comply with the 

criterion for them to be teaching at the university. 

Five of the participants served as a jury member at the conservatory entrance exams at 

least once. Two of them had absolute pitch. Four of them had a Turkish music-oriented 
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education. Another four of them had a Western art music-oriented education. The 

remaining 27 of them had an education with the mixture of both Turkish and Western 

musics. 

An informed consent form was read and signed by each of the participants, informing 

them about why there was a need for the survey at hand, how the surveying process 

works, and how the data gathered from the survey will be employed. Since the survey 

was conducted in an environment where both Turkish and English are being spoken, 

the consent form existed in two different versions, one in Turkish, and one in English 

(See appendices A.1 and A.2).   

Four of the participants were left out when the results of the survey were analyzed, 

since they failed to evaluate the control questions as unsuccessful, even though those 

questions contained performances that deviated from the pitches given by piano 

sounds more than 100 cents. This decision left 31 participants to analyze. 

Even though it would be interesting to observe the possible effects of having absolute 

pitch on the surveyors’ behavior patterns, the lack of an enough number of participants 

identifying themselves as absolute pitch owners made it impossible to observe any 

such effect. It should be noted, however, that both self-described absolute pitch owners 

in the original 35 participants were also part of the final 31 surveyors taken into 

account in the statistical analysis. 

3.5 Procedure 

The participants were seen on a predetermined day and time. The location the survey 

was taken was different for each participant. This might seem to be an erroneous way 

to conduct a survey, since the location might alter the behavior of the participants, but 

since a soundproof area that’s open for use all day long in the campus was not 

available, this was necessary because of practical reasons. To compensate for this 

faulty conduct, it has been tried to make sure that each participant was at ease when 

taking the survey by giving them as much time as they want, letting them ask questions 

as much as they want, and providing them bottled water to drink.  

To make sure that the participants don’t lose focus about our question regarding if 

they’d give a passing grade to the performances they hear through the headphones, 

two notes, one in English and one in Turkish, (see appendices B.1 and B.2) were put 
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on the keyboard of the laptop, with the hope that this will remind them that this is not 

a test to evaluate their skill to discriminate pitches, but a survey to understand their 

personal choices when evaluating the single note repetition performances. 

The participants were asked to read the informed consent forms mentioned above. 

After they read the text, they were asked if they had any questions regarding the survey 

and survey-related topics (such as the Turkish conservatory entrance exams in general) 

and these questions got answered carefully and thoroughly. It was also stated that 

following the survey they’d be asked a small number of open-ended questions to get 

some demographic data to employ in our study. Only after our participants’ all 

questions answered, they were asked to sign the form if they were ready to give their 

consent to participate. 

After consent forms were signed, it was asked to participants to sit in front of the 

computer and they were taught how the software interface works employing 

recordings of 5 performances that was not included in the final question set of the 

survey. Since the interface was in Turkish, special attention was paid to expats to make 

sure that they had no confusion about how it worked.  

After making sure that the participant understood how the interface worked, the survey 

started using software with the real question set. After the participants answered all 74 

questions, the open-ended questions were asked to them to finalize the session.  

3.6 Tools for Data Analysis 

The data gathered through the survey was analyzed with the help of the software 

named IBM SPSS Statistics. 

To see if the questions in the survey agree in their judgements regarding the 

participants, we’ve used the internal consistency measure called Cronbach’s alpha 

(Mitchell and Jolley, 2013, p. 124). This measure is used to provide evidence regarding 

the agreement among the “individual items” in a test. If measure gives a coefficient 

above 0,70, then the internal consistency of the test is “at least respectable”, and if it 

is above 0,90, then it is “excellent” (Mitchell and Jolley, 2013, p. 124). 

To depict the correlation between the success rates of deviation regions and the (0) 

region, we’ve used the correlation coefficient called the Pearson r (Mitchell and Jolley, 

2013, p. 256). 
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Since we needed to see if the success rates differed between the groups (regions) in a 

significant way, some post hoc tests were needed. To be able to do those tests, first the 

ANOVA (analysis of variance) test was done to see if the difference among the group 

means were statistically significant. The p value resulted in the ANOVA test had to be 

lower than 0,05 to decide that such a difference was significant (Mitchell and Jolley, 

2013, pp. 400, 446). 

If the ANOVA test reported some significance, reporting that there’s indeed some 

difference among the group means, then the post hoc tests, were conducted (Mitchell 

and Jolley, 2013, pp. 446, 700). Two different post hoc tests were employed: LSD 

(least significant difference), and Bonferroni. Since the former is a liberal test (prone 

to errors), and the latter is a conservative one (lacking statistical power) (Field, 2013, 

pp. 458-459), a comparison of their results was helpful for us to interpret the results. 
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4.  FINDINGS OF THE SURVEY 

4.1 Preliminary Analyses and Results 

When the answers given by the 31 participants were categorized with respect to their 

deviation regions and fed into Cronbach’s Alpha test to check internal consistency of 

the survey, the coefficient was 0,971, meaning that the internal consistency of the 

survey was quite high. 

When the questions from the (0) region got compared with the questions from the (+) 

deviation regions regarding their success rates by the help of Pearson correlation test, 

the result was r=-0,425, with the two-tailed significance test coefficient being 0,0, 

meaning that there’s significant correlation between the compared regions (Table 4.1).  

A comparison between the questions from the (0) region and the questions from (-) 

deviation regions gave a similar outcome, with Pearson correlation test producing the 

result of r=0,243, and the two-tailed significance test coefficient being again 0,0, 

meaning that there’s significant correlation between the compared regions (Table 4.1). 

Table 4.1 :  Correlations between success rates and regions. 

  Success 

Rate 

   Success 

Rate 

(0) and (+) 

regions 

Pearson 

Correlation 

-0,425  (0) and (-) 

regions 

Pearson 

Correlation 

0,243 

Significance 

(2-tailed) 

0,0  Significance 

(2-tailed) 

0,0 

Number  

of items 

1178  Number  

of items 

1178 
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Although both are significant, the difference between the results of the aforementioned 

correlation tests raises the question whether the participants were less tolerant to the 

unsuccessful performances sung higher than the reference piano pitch compared to the 

unsuccessful performances sung lower than the reference piano pitch.  

A graphical representation of the success rates for reach region can be seen on Figure 

4.1. Y-axis represents success rates, while x-axis represents the regions. Green line 

marks the (0) region, and the red line marks 60% threshold for success rates, which is 

the minimum score necessary for a prospect student in the exams to pass the first phase.  

 

Figure 4.1 : The rates of success for each region. 

More details in the shape of descriptive statistics on the rates of being found successful 

by the participants for reach region can be found on Table 4.2. 
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Table 4.2 : Descriptive statistics on the rates of being found successful by the 

participants for reach region. 

 

As one can see on Figure 4.1, the somewhat steady trend of lowering rates of being 

found successful as one goes gradually from the region (0) into region (+6) gets 

interrupted with a small bump at the (+5) region. Moreover, a similar but bigger bump 

interrupting the expected trend also occurs on the (-5) region. 

To find the underlying cause of these irregularities at the (-5) and (+5) regions, we’ve 

compared region (0)’s success rates with the other regions’ success rates by the means 

of the ANOVA test, resulting with a significance score of 0,0, meaning that the 

difference between the group means is highly significant. 

The ANOVA was followed by post hoc tests (the LSD, and the Bonferroni) to see the 

details about the differences between regions. The regions of (+3), (+4), (+5), and (+6) 

are evaluated as significantly different from the region (0) by both tests. According to 

LSD test, (+2) region is also significantly different (Table 4.3). 
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Table 4.3 : Comparison of region (0)’s success rates with the other regions’. 

  

When it comes to (-) regions, however, the picture is much complex and puzzling. 

According to both tests, there’s indeed a significant difference between the (0) region 

and the regions of (-4) and (-6). Yet the missing region of (-5) inhibits us to deduce 

that the range we’ve been searching is between (Table 4.3). 

Thus, it was decided that at this phase of the research, according to preliminary results, 

the range we seek might be between the regions (-6) and (+4), disregarding the 
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significant differences at the regions (-4), (+2), and (+3), since they have rather low 

mean difference values (Table 4.3). 

That being the case, the following preliminary conclusion took form: When the 

participants took the role of conservatory jury members to evaluate the performances 

of single note repetitions as successful, the tolerable range for frequency deviations 

from the aimed pitch given by the means of a note struck on piano is located between 

the regions (+4) and (-6). In other words, it is located roughly between +30 cents and 

-45 cents of deviation from the target pitch. 

4.2 Updated Data 

Interestingly, as one can see on Figure 4.1, some deviation regions were considered 

more successful by the participants than (0) region which, of course, contains all the 

performances that don’t deviate from the aimed pitch according to the measurements 

of the software Tony. The most apparent example of this among all the deviation 

regions is (-2) region.   

This led to the suspicion that there was an error in the survey material an we’ve realized 

that one original performance recording (sung by a female) employed in the question 

set had relatively low success rates in every region, including the (0) region where 

every performance is successful according to the measurements of Tony software. 

While other performances from the (0) region had the success rates between 90% and 

100%, this one flawed performance recording had a success rate even lower than 75% 

in the (0) region. 

Interestingly, when this problematic recording was analyzed in Tony, it was seen that 

according to Tony, it contained only a successful performance of a single pitch. Thus, 

the realization came that there wasn’t a human error when picking this recording to be 

employed in the question set. It fitted the criteria to be containing only a single pitch. 

Yet when the author of this thesis subjectively interpreted the spectrogram of that 

recording by comparing it with the spectrograms of other recordings, it was seen that 

attack and decay sections of the pitch envelope contained relatively wide glissandos, 

and the part where a steady pitch got sustained was quite short (Figure 4.2).  
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Figure 4.2 : The problematic recording (on the left) compared with another. 

Figure 4.2 depicts the problematic recording (on the left) side by side with another 

recording used in the question set (on the right). Blue boxes mark reference sounds, 

and red boxes mark the performances. 

This situation led to the conclusion that the employment of Tony as a single source of 

information regarding pitch will not suffice in studies like this thesis. A performance 

that seems successful according to the measurements done on the computer can yield 

otherwise when it gets listened by the human ears. 

4.3 Analyses and Results Based on the Updated Data 

Thus, the rotten egg was from the data, and the tests were redone. Now, when the 

questions from (0) region got compared with the questions from the (+) deviation 

regions regarding the rates of being found successful by the participants by the means 

of Pearson correlation test, the result was r=-0,479, with the two-tailed significance 

coefficient being 0,0. When the questions from (0) region got compared with the 

questions from the (-) deviation regions regarding the rates of being found successful 

by the participants by the means of Pearson correlation test, the result was r=0,322, 

with the two-tailed significance coefficient being 0,0. Hence, both correlations were 

significant (Table 4.4). 
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Table 4.4 : An update on Table 4.1 after the problematic recording was removed. 

It can be confidently said that when the problematic recording was removed from the 

pool, the gap between the correlation coefficients of two deviation directions’ rates of 

being found successful compared to the (0) region got smaller. The details regarding 

the results of the analysis exercised on the updated data can be found on Figure 4.3 

and Table 4.5.  

 

Figure 4.3 : An update to figure 4.1 after the problematic recording was removed.  

  Success 

Rate 

   Success 

Rate 

(0) and (+) 

regions 

Pearson 

Correlation 

-0,479  (0) and (-) 

regions 

Pearson 

Correlation 

0,322 

Significance 

(2-tailed) 

0,0  Significance 

(2-tailed) 

0,0 

Number  

of items 

1054  Number  

of items 

961 
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Table 4.5 : An update to table 4.2 after the problematic recording was removed.  

 

On Figure 4.3, y-axis represents success rates, while x-axis represents the regions. The 

dark green line marks the (0) region, and the red line marks 60% threshold for success 

rates, which is the minimum score necessary for a prospect student in the exams to 

pass the first phase. Table 4.5 shows descriptive statistics on the rates of being found 

successful by the participants for each region. 

The ANOVA test was redone employing updated data and resulted the same 

significance score as before, 0,0, meaning that the difference between the group means 

is highly significant. 

Post hoc analyses of the updated data also yielded similar results with the earlier tests, 

but with even more defined thresholds. Table 4.6 depicts the comparison of region 

(0)’s success rate with the other regions’ by the means of post hoc analyses; the LSD 

test result on top, the Bonferroni test result on bottom.  
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Table 4.6 : An update to table 4.3 after the problematic recording was removed.  

 

It should firstly be noted when dealing with the updated data, LSD and Bonferroni 

tests completely agree on the thresholds. According to both tests, the regions (-6),         

(-5), (-4), (+3), (+4), (+5), and (+6) are significantly different from the region (0) 

(Table 4.6). 

This confirmed our earlier conclusion that when the participants took the role of 

conservatory jury members to evaluate the performances of single note repetitions as 

successful, the tolerable range for frequency deviations from the aimed pitch given by 

the means of a note struck on piano is located between the regions (+4) and (-6), 
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disregarding the significant difference at the region (+3), since it has a rather low mean 

difference value. In other words, the range we seek is located roughly between +30 

cents and -45 cents of deviation from the target pitch. 

4.4 Effects of Performers’ Gender on the Success Rates 

Even though the range we seek is established based on the updated data, the reason 

forced us to update the data in the first place introduced us a much more speculative 

discussion space regarding the factors affecting the evaluators’ behavior besides the 

pitch itself. 

While it’s possible to check the effects of countless such factors, employing the data 

we already have seemed convenient as a preliminary device for discussion. Thus, it 

was decided to see if the performer’s gender had any effects on the participants’ 

behavior when evaluating performers.  

It should be noted here that besides the apparent timbral qualities of each genders’ 

voice, there is also the aforementioned difference of singing octave: Males reproduce 

what they hear one octave lower than the original reference pitch, while females 

reproduce it as it is. 

As a first step to see if the performer’s gender had any effects on the participants’ 

behavior when evaluating performers, the Pearson correlation test was conducted to 

see if there is a correlation between the performer’s gender and the success rate. A 

highly significant but small correlation was found between gender and the success rate, 

favoring the female performers with the coefficient of 0,076 and the two-tailed 

significance value of 0,001. 

Following this suggestive result, ANOVA tests were run on each region to see if there 

were significant differences between the success rates among the regions for each 

gender (Table 4.7). 
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Table 4.7 : Differences between the success rates among the regions for each gender. 

 

Table 4.7 depicts a summary of the tests run on the data to see if there were significant 

differences between the success rates among the regions for each gender. When all 

regions are considered together, the difference seems significant (0,001), suggesting 

that the participants favored female voices when evaluating performances.  

When only the region (0) is considered, however, the significance disappears (0,057), 

suggesting that when a performance doesn’t have any apparent deviation in the pitch 

domain from the reference pitch, the performer’s gender doesn’t have any effects on 

the evaluation process.  

Nevertheless, in all of the (+) regions, as well as in the (-4), (-5), and (-6) regions, 

there’s a significant difference between the success rates of two genders. Among these 

regions, while female performers are the ones with the higher success rates in the (+) 

regions, male voices seem to be favored by the participants in the (-) ones. 

It should that number of female performers evaluated is smaller than the male 

performers evaluated. While even in the preliminary data this difference was already 

present, after the deletion of the problematic female performer from the data, this 

difference became much more pronounced. When dealing with the (-1) region, for 

example, this difference proved to be quite problematic, since after the deletion of the 

faulty performer form the data, no female performers were left in the region. Hence, it 

was impossible to speculate about the effects of gender for this region. 
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5.  CONCLUSION 

Two main outcomes arose from the data presented in the previous section. 

5.1  Range(s) 

Firstly, as expected, there was indeed a frequency range for a pitch sung by a prospect 

student to be considered a successful repetition of the reference pitch played on the 

piano. The survey participants taking the role of the jury members at conservatory 

entrance exams accepted performances with a quite big range of frequency deviations 

from the reference pitch as successful. 

This range was approximately 75 cents – three fourths of a semitone, that is. A 

somewhat unexpected result was that this range of 75 cents was not distributed evenly 

around the absolute correct pitch. For the deviations lower than the absolute correct 

pitch, the rates of success did not fall under the 60% threshold (the minimum score 

necessary for a prospect student in the exams to pass the first phase) until the deviations 

got approximately as big as 45 cents. For the deviations higher than the absolute 

correct pitch, the rates of success did not fall under the 60% threshold until the 

deviations got approximately as big as 30 cents.  

This asymmetrical distribution of the acceptable range around the absolute correct 

pitch is not mentioned in the existing literature, yet it seems quite interesting. Surely, 

it is needed to conduct more surveys and experiments to make sure that such an uneven 

distribution really exists, but at this point, nevertheless, it is possible to speculate about 

why such a phenomenon occurs.  

One idea that comes to mind is the fact that while the equal temperament is considered 

to be the standard way of tuning the instruments nowadays, people still are exposed to 

other temperaments on a daily basis. 

In Turkish Makam music, for example, a largely accepted opinion is the idea that a 

note such as Segah doesn’t refer to a set frequency or doesn’t constitute a set interval 

with other notes, but refers to a band of different acceptable pitches, depending on 
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context. It can be argued then that for those who has experience with Makam music as 

a listener or a performer, maybe an F0 difference between two notes might not always 

constitute two different pitches, but simply a repetition of the same pitch. 

It is known that in the case of the well-known Western major scale, most pitches of 

the equally tempered major scale are quite higher than its just intonated counterpart. If 

the commonly accepted opinion regarding people’s tendency to use just intonation 

when it’s possible is to be taken as a fact, then it is possible to argue the following: 

Since people deal with both equally tempered and just intonated major scales on daily 

basis, they might tend to read a band of different pitches (higher pitches of equal 

temperament compared to just intonation, and lower pitches of just intonation 

compared to equal temperament) all referring to a single note.  

If this theory was taken to be correct, then the result that some of the repetitions of the 

reference pitches being lower than the reference pitches themselves were considered 

to be successful repetitions by the participants would make sense, since such 

repetitions would simply be the ones that tended to just intonation domain in the 

context of the equal temperament, which was employed in this thesis. 

It can be also speculated that the peculiarities of each gender (such as timbre and octave 

differences), and each performer might have also shaped the range we’ve found. As 

can be deducted from the Table 4.7, the difference between the means of each gender 

gets more significant as the absolute value of the subtraction of the means of each 

gender gets bigger. Since the means introduced throughout this thesis are weighted 

averages, this apparent difference between the means of each gender, combined with 

the considerably fewer number of performances by females compared to males in the 

updated data, might have distorted our findings regarding the acceptability range and 

its asymmetrical nature. The uneven distribution of each unique performer among the 

regions might have further affected this result. 

For example, the case of male performers in the (+6) and (-6) regions suggests that the 

peculiarities of each performance, besides the fundamental frequency, might have 

affected how the performance evaluated and thus eventually the results regarding the 

ranges. Even though the fact that both these regions contain deviations of 45 cents, the 

male performances in the (-6) region got a quite high success rate of 81% (Table 4.7). 
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It should be clear that this success rate, which is well above the threshold of 60%, is 

quite distinct compared to the other performances in the (+6) and (-6) regions.  

Interestingly, there are two questions performed by male voice in the (-6) region, but 

they are identical, since one of the questions is simply the control for the other. Thus, 

it can be argued that effectively there’s only one male performance in this region. In 

the (+6) region, on the other hand, there are two questions performed by male voice, 

different from each other, but one of them originated from the same recording as the 

twins in the (-6) region. Curiously enough, this recurring performance which led to a 

quite high success rate in the (-6) region is the one that got lower score among the two 

male performances in the (+6) region. In other words, this specific performance was 

considered quite successful when it was approximately 45 cents lower than the aimed 

pitch, but it was not considered successful when it was approximately 45 cents higher 

than the aimed pitch. 

For the (+6) region, then, the result regarding this specific performance is in 

accordance with what was seen so far, but the success rate of this performance in the 

(-6) region violates the acceptability range we’ve observed. It is as if the version of the 

performance in the (-6) region had a specific trait that caused the participants disregard 

the pitch content and deem it successful, but when the performance was processed to 

be higher, as in the region (+6), that very same trait worked against it. 

Since the question set was designed only with the pitch content in mind, the available 

data regarding the survey doesn’t offer much to make informed guesses on why such 

a thing happens. Yet, it suggests, nevertheless, that further studies with a much more 

controlled question set design should follow to see if the speculations produced here 

have merit.  

Other possible effects of the peculiarities (such as timbre and octave differences) of 

each gender and each performer to the evaluation process are discussed below. 

5.2 Other Variables Affecting Evaluators’ Judgement 

As reported by Kollmeier et al. (2008), JND for frequency is 3 Hz for sine waves below 

500 Hz (p. 65). As Table 2.3 suggests, F0 values of nearly all sounds employed in the 

survey are below this 500 Hz threshold, be them reference pitches on the piano or 

reproduction of those pitches by voice. Yet as Kollmeier et al. (2008) point out, for 
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complex sounds such as of piano and of voice, the JND for frequency is even smaller: 

1 Hz in the range of 80 Hz to 500 Hz (p. 65).  

Zarate et al. (2013) also reports that recent studies suggest that both musicians and 

non-musicians discriminate intervals better when complex sounds are used instead of 

pure tones (p. 1). They’ve found that the pitch discrimination threshold was 14,6 cents 

for musicians and 44,1 cents for non-musicians and except for the interval of 25 cents, 

the interval-discrimination was best with pure tones (Zarate et al., 2013, p. 3, 5). 

The acceptable range of 75 cents for pitch deviations in the performances heard during 

the survey then is well beyond JND value for human perception. This means that there 

must be some other variables affecting the perceived pitch. This leads us to the second 

main outcome of the data: We’ve found out that attack, decay, sustain, and release 

(ADSR) of the pitch envelope, timbre, octave differences, and other such variables 

affected the decision of the participants regarding the quality of the performance in a 

way we’ve failed to foresee.  

At the start of the designing process of the question set, we’ve supposed that the voice 

recordings that contained only a single pitch content that agrees with the pitches of the 

equal temperament according to the software Tony would be a good start to devise 

voice recordings tampered to our needs. Yet, it seems that when deciding on the 

content of a recording, Tony focuses on the sustain section of the pitch envelope where 

the frequency is somewhat stable, disregarding the other parts of the envelope. 

Humans, however, it seems, do not disregard the unstable parts of pitch envelope, 

when evaluating pitch accuracy of a voice performance.  

Since ADSR values of pitch envelope will be different for each performance, we 

suggest that the question set for future studies should be devised from a recording of a 

single performance with a long and stable sustained single pitch content. This would 

prevent the entrance of unwelcome pitch envelope variables into the data. If it will be 

somehow necessary to use more than one performance recording, however, we 

strongly suggest a much more rigid audition process than we’ve employed here. 

Another option to devise material for future studies would be the use of sound 

synthesis methods to artificially construct human voice performances, where all the 

parameters tactfully manipulated to make sure they won’t introduce any unwanted 

variables. Obviously, it might prove quite hard to synthesize such sounds that would 
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replace the real performance recordings, but in some cases the lack of realism might 

be a good trade off in an attempt to get undistorted and reliable data. 

These suggestions, of course, imply a need for studies dealing with a much more 

different research question than the one investigated here. This question would be 

regarding the effects of ADSR values of pitch envelope on the jury members’ decision 

at the conservatory entrance exams.  

Since it was realized that unique qualities of each performance, such as pitch 

envelopes, affect how it was evaluated by the jury members, the question of what other 

such qualities might have been affecting the evaluation processes emerged. Timbre is 

one of the variables that can be used to depict the complexity of the issue and its 

potential to be a fruitful research area. 

Vurma (2014) reports that recent studies show that timbral differences of the sounds 

with the same F0 value can be perceived as pitch-shifts by both musicians and non-

musicians, and her own research also suggests similar results (pp. 1, 11). Oxemham 

(2012) also reports that “intensity” (loudness) and “brightness” (timbre) can affect the 

pitch perceived (p. 13337). Similarly, Zarate et al. (2013) report that recent studies 

found that the manipulation of timbre (between dull and bright) affects the perception 

of the melodic interval size (p. 1). They report that “pitch changes seem to be best 

perceived (regardless of timbre) when F0 changes by at least 4%; the perception of 

smaller F0 changes is more influenced by timbre changes” (Zarate et al., 2013, pp. 7-

8). 

These reports suggest that timbral differences might make discrimination of different 

F0s harder, or might make sounds with the same F0 perceived as different pitches. 

Since both on piano and especially on voice, the timbral choices are manifold, it can 

be said that it is safe to speculate that when evaluating prospect students’ 

performances, the jury members of conservatory entrance exams are dealing not only 

with pitch, but also with other domains affecting the pitch.  

This means that at conservatory entrance exams, the jury members’ evaluation of the 

prospect students might not be fair, since it can be argued that timbre and pitch 

envelope characteristics of voice can be altered through education, and should not 

constitute a criterion to decide which of the prospect students has an “ear” for music. 
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As discussed in the findings, another variable affecting the evaluation process seems 

to the gender of the performer. Here, we’re not talking about the possible 

discriminative tendencies among the evaluators towards one gender, but simply the 

facts that each gender has a characteristic timbre, and that males reproduce the pitch 

referenced one octave lower. The possible effects of timbre already discussed above 

apply readily in this issue, but the effects of octave difference also deserve attention. 

As reported, in all of the (+) regions, as well as in the (-4), (-5), and (-6) regions, the 

difference between the success rates of two genders are statistically significant, while 

no effect of performers’ gender was observed in the (0) region. Among the regions 

where there is a significant difference between the success rates of each gender, female 

performers scored better in the (+) regions, and male performers scored better in the  

(-) regions. We want to speculate that this might have caused by the octave differences 

between male and female performers when reproducing the reference pitch. 

For female performers, singing in the (+) regions simply means that they are singing 

higher than the reference pitch, and vice versa in the (-) regions. For males, however, 

since they always aim one octave lower than the reference pitch, what they sing will 

be always lower than the reference pitch regardless of the region corresponding with 

the frequency deviations in their singing, but depending on the frequency deviations 

in the performance, the distance will change between the reference pitch and the pitch 

performed. In other words, while a performance by a female voice can simply be either 

higher (+) or lower (-) than the reference pitch, a performance by male will be either 

close (+) or far (-) from the reference pitch. (Figure 5.1). 
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Figure 5.1 : Male performer deviation regions compared with the female performer 

deviation regions. 

As Figure 5.1 suggests, performances by male performers will be always quite remote 

from the reference pitch regardless of their level of deviation. As mentioned above, in 

the (-) regions, male performers were favored, and in the (+) regions, female 

performers were favored. It can be speculated that this also means that in the (-) regions 

the octave difference of male performers had a positive effect on being counted as 

successful, and in (+) regions it had a negative effect.  

The possible causations for this effect is open to speculation, but since the 

particularities of each performer such as pitch envelopes, timbre, and gender were 

overlooked during the design of the survey, focusing only on the pitch content of the 

performance recordings, it is impossible to conduct further analyses on the available 

data to make informed guesses. Thus, it is suggested for future studies to choose and/or 

produce their performance recordings with the consideration of other variables besides 

the pitch content to design a much more controlled question set that would lead to a 

much more controlled data set. 

Nevertheless, it can be speculated that since the fundamental frequencies of 

performances by males are one octave lower than the reference pitch, the beatings 

among the partials of the reference and performed pitches in the case of deviated 

performances would differ from the beatings occur in the deviated performances by 

females, since in their case the fundamental frequencies of performance and reference 

are on the same octave. Thus, the listening experiences of two different performances 
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by each gender might prove quite different from each other, even if the jury members 

are conscious of these differences. 

In short, these findings and speculations suggest that the jury members of the 

conservatory entrance exams must apply a different kind of listening strategy for each 

gender, since it is expected from them to disregard the effects of the apparent octave 

difference and focus on the pitch class relations instead, while evaluating male 

performers. Then the question comes if it’s viable to trust the jury members to perfect 

their strategies of listening and evaluating for each gender, or if it’s better to devise 

some other way of evaluation that removes the variable of performer’s gender would 

be better. 

5.3 Additional Remarks  

Wallentin et al. (2010) argue that “the imitation test” such as the one used in Denmark 

is not suitable for “experimental purposes”, since “since it involves an element of 

subjective judgment of participants' imitation” (p. 189). Although they do not say that 

this test, in which participants are asked to “reproduce short rhythmical and melodic 

phrases using hand-claps and singing” (Wallentin et al., 2010, p. 189), should not be 

used for other purposes, we believe that the employment of such tests and exams, 

including the ones in Turkey, should be reconsidered, since it seems like in such tests 

and exams, many variables, such as timbre, are overlooked, since it’s impossible to 

control their effects. 

The literature regarding binaural hearing was overlooked in this thesis. Since the 

questions designed for the survey were mono and were introduced to each ear at the 

same amplitude, and our participants reported no health issues regarding their auditory 

system, we believe this decision didn’t result in a distorted data. Nevertheless, it is 

suggested for future studies to take the literature regarding binaural hearing into 

account to produce more rigorous work. In fact, maybe binaurality might be affecting 

prospect students of the conservatory entrance exams, since the data entering each of 

their ear canals differ from the other due to room acoustics. 

It should be noted that among many options, we’ve picked equal temperament simply 

because we needed a common ground and equal temperament being widely used 

nowadays seemed to offer such a commonality. Still, it should be clear for our readers 
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that we’ve overlooked any possible effects of picking this tuning instead of others. 

Obviously, tuning is also an important field of discussion in studies like ours. Thus, 

we acknowledge the fact that our further studies should also deal with the variables 

added by the issues of tuning. 

We’ve used free tools to make sure that any researcher wanting to reproduce the setup 

of our study to build up on the work done here will be able to do that. Yet, the 

shortcomings of these free tools rendered, we believe, the process for the preparation 

of the question set quite inconvenient to the point that probably no one will ever try to 

reproduce that process ever again. Moreover, the unprecise nature of these free tools 

caused our material to be much more diverse than we had initially planned, forcing us 

to invent the concept of deviation regions. As we’ve experienced here, limiting the 

tools of research solely to unpaid options might seem like a moral highpoint, but sadly 

such a limit might also limit the potential for academic rigor. 

It should be noted that an exhaustive comparison of our survey and Turkish 

conservatory entrance exams with other surveys, tests, and exams dealing with musical 

aptitude, skill, talent, expertise, discrimination, apprehension, and such conducted 

around the world will soon be necessary to get the conservatory entrance exams in 

Turkey further improved. As our discussion implies, these exams seem to be designed 

by the instincts of those who have a career in music, but are ignorant of the recent 

trends and findings in the field. Moreover, they are not well-discussed to be considered 

as doing what they aim to do. Thus, we argue that these exams inherently possess a 

risk to be unfair and inefficient to decide which prospect students should be studying 

at the conservatories. 

5.4 Concluding Remarks 

Since no similar studies were done on the unique system of the conservatory entrance 

exams, some decision regarding the design of the survey was left to the instincts. This 

led to some unforeseen problems and made the progress of the study quite slow. 

Hereby, some content, such as a section dealing with answers given to the open-ended 

question, had to be left out of the thesis. Nevertheless, as a first of its kind, the author 

believes that this thesis is heralding many such studies to come, without reproducing 

its mistakes. Thus, along with the results of this thesis, it is believed that the mistakes 

done during the production of this thesis will also guide future studies on the subject. 
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