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Thesis Abstract
Emre Seving, “The Effects of Extensive Musical Traininglane Perception
Regarding Hemispheric Lateralization, Different Time Remgnd Generalization

To Different Modalities”

Time perception and estimation are very important aspéttsman behavior.
Whether these are based on a single internal clock orghk o distributed and
emergent processes in the brain is still a matter ofteebhe present thesis
investigated the effects of lateralized presentaticauditory and tactile stimulation
to assess whether time estimation is lateralized dadtafl by stimulus modality.
Additionally, performances of both female and male trainadicns were
compared to those of non-musicians to evaluate the effegender and training in
time estimation. In an identical subject design, subgitésnded a time duration
comparison task for short (100 to 900 milliseconds in 50 millisecoicdsments
with a standard stimulus of 500 msec) and long ranges (1 whdswin 250
milliseconds increments with a standard of 3000 msec) in auditatyactile
modalities. Subjects listened to pairs of sounds either mohaardiinaurally and
indicated whether the two stimuli were of equal duratiomtilea(vibratory) stimuli
were applied on the top of either the right or the left hatwhuBus pairs were
presented in ascending or descending order. The results sdggesteder
difference; males were more accurate in time estimaBender differences may be
due to different corpus callosum sizes between males anteferkrndings also
suggested that musicians were more accurate except for thésshitatrange. Better

performance by musicians in both modalities suggests thaestmeation in one



modality can be generalized to others. Additionally, anyasisbf estimation errors
compared to the standard durations (percent of error) indideedverall
performance was better in the long range. There was noisagriifaterality effect
except for long range tactile condition. Better overall perfoea of subjects in
estimating the longer standard duration suggest that thereerdifferent timing
mechanisms in the brain, such as for long ranges which maygecbgnitive
processes and for short ranges that are more low-level (geasdrautomatic. The
present results also provide support for the view that the thoais not have a

lateralized internal clock.



Tez Ozeti
Emre Seving, “Kapsaml Muzik Eiminin Hemisferik Yanallama, Farkl Zaman
Erimleri ve Farkl Modalitelere Genellgrilmesi Bak m ndan Zaman Alg lamas na

Etkileri”

Zaman alg lamas ve kestirimi insan davramn ¢ok dnemli bileenlerinden olup
beyindeki tek bir icsel saate mi dayand/oksa da t k sireglerden mi

kaynakland halen tart ma konusudur. Bu tez zaman kestiriminin uyar m
modalitesi ve hemisfer yanallna dayal olup olmad n de erlendirmek icin
yanallam i itsel ve dokunsal uyar mlar n etkilerini inceledi. Ek olgreinsiyet ve

e itimin zaman kestirimindeki etkilerini derlendirmek i¢in eitimli kad n ve erkek
muzisyenlerin performans miizisyen olmayanlarla kat r Id . Ozde bir denek
tasar m nda, denekler,tsel ve dokunsal olarak k sa (standart uyaran 500 milisaniye
olacak ekilde 100’den 900 milisaniyeye 50 milisaniyelik art r mlani&) uzun
(standart uyaran 3000 milisaniye olacekilde 1’den 5 saniyeye 250 milisaniyelik
art r mlarla) sureli aral klar iceren sureleri kda t rd lar. Denekler tek kulaktan

(sa ya da sol kulak) veya cift kulaktan ses ciftlerini dinlelgimlar n strelerinin

ayn olup olmad n belirttiler. Dokunsal (titremsel) uyaranlar sol ya da salin

Ust k sm na uyguland . Uyaran ciftleri artan ve azalarietde sunuldu. Sonuglar
cinsiyet farkl |  gostermedi; erkeklerin zaman kestiriminde daha hasdasuwl
saptand . Cinsiyet farkl | erkekler ve kad nlar aras ndaki corpus callosum

boylar n n farkl | ndan kaynaklan yor olabilir. Bulgular k sa sureli dokunsal gérev
haricinde muzisyenlerin daha hassas olohw da goésterdi. Muzisyenlerin daha iyi

performans , bir modalitedeki zaman kestirim performans n keébmodalitelere de



genellenebilenecéni gostermektedir. Buna ek olarak, kestirim hatalar ramdart
uyaran surelerine oranlar na dayal (hata ylzdesi) analidemieklerin
performanslar n n uzun sirelerde daha iyi olshu gosterdi. Uzun sureli dokunsal
gorev haricinde bir yanall k etkisi gbzlemlenmedi. Sonuglar méaztikminin zaman
kestirim performans n da etkiledni ve i itsel olarak gerceklen bu eitimin farkl
modalitelere genellenebiledee i aret etmektedir. Deneklerin genel olarak uzun
surelerde daha iyi performans gostermeleri ise beyin#e faekanizmalar

oldu una, uzun sureli zaman kestirimi icin béel strecleri de iceren, k sa sureler
icin ise daha diilk seviyeli (duyusal), otomatik streclere dayanan mekane&mal
olabilece ini gostermektedir. Calman n sonuglar beyinde belli bir bdlgeye

Ozelle mi bir saat olmad gori UnU desteklemektedir.

vi



AGKWLEDGEMENTS

| first would like to thank my thesis supervisors, Pixf. Re it Canbeyli

and Prof. Dr. Cem Say, for their support during the preparatitmsothesis. | also
would like to thank Assist. Prof. Dr. Burak Giglu for higpgort throughout the
project. Their guidance and comments improved the scope and aidlity thesis.

I would like to thank Prof. Dr. Sumru Ozsoy for the support she
had provided during my studies in the Cognitive Science Departirast thank all
faculty members contributing to the program.

Many thanks to my friend Nalan Saragc for telling me ablmistgrogram in
the first place. | also want to thank my friend and busipassmer Memduh Er for
giving me the courage to apply, and supporting me during hard.thmether
source of support and courage was my friend Tolga Kurkglity dear brother
Ergin Seving was always there when | needed him, thankisr, too.

This thesis is dedicated to my mother Drit& ISeving and my late

grandfather aban Seving.

Vii



CONTENTS

INTRODUCTION 1

Perception of Time 2
Hemispheric Communication, Lateralization and Learning of Teatfpyocessing5
Generalization of Temporal Processing and Search for Diff@ieme Ranges ----- 7

Gender Differences 8
Using Music Experience 9
METHOD 12
Subjects 12
Stimuli 13
Procedure 15
Measuring the Responses 17
RESULTS 19
Gender Differences 20
Long Range Time Estimation 23
Auditory Modality - Females 23
Auditory Modality - Males 28
Tactile Modality - Females ----- 33
Tactile Modality - Males 38
Short Range Time Estimation 43
Auditory Modality - Females 43
Auditory Modality - Males 48
Tactile Modality - Females ----- 53
Tactile Modality - Males 58
Analyses of Percentage of Errors-- 63

DISCUSSION72

Gender Differences 73
Effects of Music Training on Laterality 74
Effects of Music Training on Time Estimation 75
Analyses of Percentage of Errors-- 77
Conclusion 77

REFERENCES 80

viii



FIGURES

1. The absolute average times (in milliseconds) at wieictafe subjects decided that

the tones were of equal length for ascending and descending ¢ueases. ......... 24
2. The absolute difference between the female subjectsiale@nd the standard
stimulus (3000 msec.) for ascending and descending tone sequences........... 26
3. The average of ascending and descending sequences’ abst#ueackf between
the female subjects’ decision and the standard stimulus (3C80Q)ms................. 27
4. The absolute average times (in milliseconds) at while subjects decided that
the tones were of equal length for ascending and descending ¢uesnses. ......... 29
5. The absolute difference between the male subjects’ deesd the standard
stimulus (3000 msec.) for ascending and descending tone sequences........... 31
6. The average of ascending and descending sequences’ abstdutachf between
the male subjects’ decision and the standard stimulus (3000)msec................ 32

7. The absolute average times (in milliseconds) at wiestafe subjects decided that
the vibrations were of equal length for ascending and descendintpwbra

STeT0 [ 1= g o <2 PP 34
8. The absolute difference between the female subjectsialeand the standard
stimulus (3000 msec.) for ascending and descending vibratory sequenc........ 36

9. The average of ascending and descending sequences’ abstdutachf between
the female subjects’ decision and the standard stimulus (3089)msower

numbers mean better interval time disCrimination. .......c.....cccoooeviiiiiiiiiineeeeeeens 37
10. The absolute average times (in milliseconds) at whalk subjects decided that
the vibrations were of equal length for ascending and descendingpwbra

ESTCT 0 [T Tt L TP 39
11. The absolute difference between the male subjedside and the standard
stimulus (3000 msec.) for ascending and descending vibratory sequenc........ 41

12. The average of ascending and descending sequences’ absiar¢aat

between the male subjects’ decision and the standard stiB0QG msec.). Lower
numbers mean better interval time disCrimination. .......c...c..oovviiieviiiiiieeiineees 42
13. The absolute average times (in milliseconds) at whictale subjects decided
that the tones were of equal length for ascending and desceodingequences....44
14. The absolute differences between the female subgtision and the standard

stimulus (500 msec.) for ascending and descending tone sequences............46
15. The average of ascending and descending sequences’ absfduteckf
between the female subjects’ decision and the standardlgs (500 msec.).......... 47

16. The absolute average times (in milliseconds) at whale subjects decided that
the tones were of equal length for ascending and descending tonecgsque......49
17. The absolute difference between the male subjedside and the standard

stimulus (500 msec.) for ascending and descending tone sequences............51
18. The average of the absolute differences for ascending arehdewy auditory
short range sequences for male SUDJECES. .........coorceeriieiii e, 52

19. The absolute average times (in milliseconds) at whictale subjects decided
that the vibrations were of equal length for ascending anedés vibratory
STeT0 1= g o =2 PP 54
20. The absolute difference between the female subpmtssion and the standard
stimulus (500 msec.) for ascending and descending vibratory sequences.....56



21. The average of ascending and descending sequences’ absfaéteaahf
between the female subjects’ decision and the standardlss (500 msec.).......... 57
22. The absolute average times (in milliseconds) at whalk subjects decided that
the vibrations were of equal length for ascending and descendingpwbra

ESTCT 0 [T ST Tt L PRSP 59
23. The absolute difference between the male subjediisioe and the standard
stimulus (500 msec.) for ascending and descending vibratory sequences......61
24. The average of ascending and descending sequences’ abstdtgackf

between the male subjects’ decision and the standard sti(d0lisnsec.)............. 62
25. Percentage of errors for auditory modality for female stdje....................... 64
26. Percentage of errors for tactile modality for female stdje........................... 66
27. Percentage of errors for auditory modality for male subject....................... 68
28. Percentage of errors for tactile modality for male sudject...............ccccoec. 70



TABLES

1. Absolute Times for Long Range Auditory Signals in Ascending ast@&nding

Order for Female SUDJECES ........cooiiiiiiii e 24
2. Absolute Differences for Long Range Auditory Signals in Ascendnd
Descending Order for Female SUDJeCtS .............uieeeeeeiii 26
3. The Average of the Absolute Differences for Ascending%&tending Auditory
Long Range Sequences for Female Subjects ... .27
4. Absolute Times for Long Range Auditory Slgnals in Ascendlng amte’mdlng
Order for Male SUDJECTS.........coiiiiiiii e 29
5. Absolute Differences for Long range Auditory Signals in Asiagg and
Descending Order for Male SUDJECES............uiicceemmeee e 31
6. The Average of the Absolute Differences for Ascendingegtending Auditory
Long Range Sequences for Male SUDJECtS..........coeeeiiiiiiiiieeeeie e 32
7. Absolute Times for Long Range Tactile Ascending and Desceduhey for
FEMAIE SUDJECES ... . e e e e e e e 34
8. Absolute Differences for Long Range Tactile Ascending Clatdfemale

YU o] =T o] £ PTR 36
9. The Average of the Absolute Differences for Ascendingegtending Tactile
Long Range Sequences for Female Subijects ... 37
10. Absolute Times for Long Range Tactile Ascendlng and Desn@mhder for
MaUE SUDJECLS ...t e 39
11. Absolute Differences for Long Range Tactile Ascending Onidviaile Subjects
..................................................................................................................... 41
12. The Average of the Absolute Differences for AscendingCastending Tactile
Long Range Sequences for Male SUDJEeCTES..........cccaeeeeeiiiii e 42
13. Absolute Times for Short Range Auditory Ascending and Descendiley for
Female SUDJECES. .. ..o e e 44
14. Absolute Differences for Short Range Auditory Ascending anddbeing

Order for Female SUDJECES .......coooiiiiiiii e 46
15. The Average of the Absolute Differences for AscendingCastending

Auditory Short Range Sequences for Female Subjects............. .47
16. Absolute Times for Short Range Auditory Ascending and Descenddﬂj tbr
MaUE SUDJECLS ...t 49
17. Absolute Differences for Short Range Auditory Ascending anddbe#ng

Order for Male SUDJECTS.........coiiiiiiii e 51
18. The Average of the Absolute Differences for AscendingCastending

Auditory Short Range Sequences for Male Subjects.............ccccviiiiiiiiinnns 52
19. Absolute Times for Short Range Tactile Ascending and Deisce@dder for
Female SUDJECES. .. ..o e e 54
20. Absolute Differences for Short range Tactile Ascending ast@&nhding Order

fOr FEMAIE SUDJECLS ....uiciiiiicccei e e e e e e e e e e e e e aaa e eaees 56
21. The Average of the Absolute Differences for AscendingCastending Tactile
Short Range Sequences for Female SUbJeCtS .......ccceevveeiiiiiiiii e 57
22. Absolute Times for Short Range Tactile Ascending and Deisce@dder for
MA@ SUDJECLES .. .o et e e e e e e e 59
23. Absolute Differences for Short Range Tactile Ascending asddhding Order
fOr Male SUDJECES........ie e e 61

Xi



24. The Average of the Absolute Differences for AscendingCastending Tactile

Short Range Sequences for Male Subjects..........coeeeei i, 62
25. Percentage of Errors for Auditory Modality for Female &ctli....................... 64
26. Percentage of Errors for Tactile Modality for Female Sibje....................... 66
27. Percentage of Errors for Auditory Modality for Male Sulgect..................... 68
28. Percentage of Errors for Tactile Modality for Male Sulsject........................ 70

Xii



CHAPTER 1
INTRODUCTION
Time estimation is one of the most important aspects of hurehavior in general
and human cognition in particular. Since the human brain doesemtt® be
equipped with a high precision clock that records time inteevadiscompares them
with the previous ones, time for us is not an accurate and absodasure, but
always an estimation of an objective physical property.

What makes the issue even more complicated is thaigima in the same
category with light, sound, physical pressure, etc., alllo€lwcan be sensed and
perceived directly. We have sensory organs to detect stiatteyes in terms of
visual, tactile or auditory stimulation; however, there isime{sensing organ in our
body, yet time estimation and discrimination are impliciniany of the tasks
humans perform daily. Without timing mechanisms it is not possildetert the
location of a sound source, produce and understand speech, makednesian
automobile, engage in sports, sleep and wake up.

Some of the tasks described above span a very wide ratigeeohterval
estimations. For example, finding the location of a sound source aateenporal
processing in the range of microseconds (Middlebrooks & Greenhaw,, 1991)
whereas speech or music related timing is in the mibisés range (Masaki,
Kashioka, & Campbell, 2002). On the other hand, deciding whenke e&aght
move in some sports, estimating how long a musical piece oneshdistened to

lasted, and guessing how long a speech took needs temporal ipgpaesise range



of seconds to minutes. Finally, the biological clock that regslaur circadian
rhythms works in the range of approximately 24 hours (Halberg&dlissen,

1994; Rietveld, 1996).

Perception of Time

The diversity of the phenomena of time perception in many diffeasks such as
sound localization, speech production and music performance hasaltaiof
interest in research since the early days of psychophysicsagnitive science. By
observing performances of humans in different areas as mehaboege, it is easy
to see that humans can estimate time ranges with retatoegacy. It is clear that if
we could not make such estimations this would have drastitiveegéfect in many
daily tasks including motor-control related activities. Tvidhe most important
guestions regarding time perception can be stated as “how cam&@stimate time
in different ranges with relative accuracy?” and “whdhessource of variability in
humans’ estimations of time?”

Early models of time perception tried to answer the aboveignssn terms
of a single internal-clock hypothesis (see Grondin, 2001 for awgvit was
assumed that the brain somehow had a clock mechanism suph@seaker-
accumulator system. The pacemaker ‘module’ was responsitgenfting pulses
which the accumulator collected, leading to perception of. firhe accuracy and
variability of timing were related to the clock frequeg. Changes in the clock
frequency would account for differences in time perceptia@riability would be
explainable by stochastic processes of the clock, e.g. by soRgisocess.

A similar biological timing model based on Gibbon’s scalar exqret

theory proposed to explain timing in animals (Gibbon, 1977). The bas&d model



of Gibbon and Church comprises three main processes (Gibbon & Ch8zt),
namely the clock process, memory process and decision prec€lseclock process
includes a pacemaker, a switch and an accumulator. #sl sthove, the pacemaker
emits pulses according to some predefined frequency modéheselare switched
into the accumulator. The memory process is where the infamiatim the
accumulator is passed on to the working memory and theed&orthe reference
memory and the decision process. The final component, theaeprocess,
includes a comparator which receives information from workiegnory and
reference memory, compares them and produces a yes Aver drased on the
equality of magnitude of time estimations from those memories.

This model was one of the important contributions to animal andmuma
timing even though its main theme was to provide a pure matieal model which
would fit experimental data. Although there is current researplotade
neurological plausibility for this model (Matell & Meck, 200G} assumptions of an
internal clock, and a pacemaker-accumulator place a heawcptduirden because
no central clock has yet been found in the brain. Since straation and
perception are essential to and implicit in many differaskg, it is very doubtful
that a specific part of the brain is dedicated to this kfngt@cessing.

In addition to the problems mentioned above, from an evolutionary
perspective, such a model is more in line with a predefanecise design and is not
compatible with the brain's redundancy for various tasks.dtddes not take into
account the problem of different performance in characteristigifferent time
range estimations which is the case for time perception dntatisn in humans.

There are also other models that try to account for therienxgaetal timing

data which do not assume an internal clock. For examplepDeagal., 2003,



provide a two-unit artificial network and related differehéiguations for the
dynamics of the network. This model does not assume any intéonk) multiple
oscillators or any explicit time based comparison procegisoégh lack of such
assumptions provides strong points for the model, it still siffem
neuropsychological plausibility. Even though the authors give detbta
mathematical model, they do not suggest which parts or meohswoif the human
brain their model’'s components would correspond to. In additiop aise suggest
that at least two extra oscillators are needed for their hvode able to explain the
multiple timing phenomena in which two time intervals can bepaddently and
simultaneously timed by animals.

Fortunately these are not the only types of theories inalkdf time
perception and estimation research. There are populatidnroloedels and
simulations that, in addition to not assuming any explicit interioak, take into
account the properties of real neuron cell assemblies (Buonomang, 2005
Buonomano & Karmakar, 2002; Eagleman, et al., 2005). In this typmdéls,
information related to time is not explicitly stored or “countedthe central nervous
system, but emerges as the “product” of the interaction of neu8ank models are
supported by interval timing experiments in the range of mikisds. Because they
do not suppose a centralized clock-like mechanism, and are bakedogically
plausible neural simulations, they are more compatible Wwétttrrent view of brain
anatomy and functionality. Since this modeling approach is rgdregric in terms of
neurons, it may account for the diffuse system of differeainistructures that are
related to timing such as basal ganglia, cerebellum, suepl&ry motor area,

striatum, dorsolateral prefrontal cortex and parietal cortex.



Hemispheric Communication, Lateralization and Learning of dawal Processing

The human brain is comprised of two hemispheres which ardyntainnected by
the corpus callosum, a large tract of nerve fibers. Even thbatlhh hemispheres
seem to be symmetrical to a first approximation, thereusmetibnal and anatomical
asymmetries (Hellige, 2001). For example, most human braugsehevider frontal
region in the right hemisphere whereas the frontal part détheemisphere is
narrower and its rear part, the occipital region, is slighttler (Hellige, 2001). This
anatomical asymmetry of cerebral hemispheres is sonetaiked the
“counterclockwise torque” as if the brain was subjected targular force in the
counterclockwise direction. Another anatomical asymmetry édaelto the Sylvian
fissure (lateral fissure) which is a boundary mark above thpdgal lobe and
between the frontal and parietal lobes. Generally the@&yfissure is longer and
straighter in the left hemisphere and a bit shorter and movedat its posterior tip
in the right hemisphere (Hellige, 2001).

In addition to the anatomical asymmetries described alloere are also
functional asymmetries in the brain. For example, areatedela speech production
and understanding, such as Broca’s and Wernicke's aredsuatkin the left
cerebral hemisphere of the brain (Hellige, 2001).

Hemispheric communication and lateralization add to the contpleki
psychological time perception. Presently, there is no consisiahe| which
accounts for different temporal processing data. Traditionally strongly believed
that the left hemisphere has an advantage in rapid tengpordssing, specifically

in the range of milliseconds because of the linguistic sleai®n of the left



hemisphere (Elias, Bulman-Fleming, & McManus, 1999). On the bted, there is
evidence that the right hemispheric cortical networks, espethial right
dorsolateral prefrontal cortex, and the right inferior preflordeex receive focus
for temporal processing in the millisecond to second rangen(Blal., 2002; Rubia
and Smith, 2004). In addition, a recent visual temporal processpegiment in
which a split-brain patient took part reports a clear righhisphere advantage in
processing time intervals in the range of a few milbsels (Gazzaniga, Corballis, &
Funnel, 2003). In the reported work, two experiments were condlictede, pairs
of black circles were presented simultaneously, during fiditfeotrials both of them
stayed on the computer monitor for the same amount of time dhe ather half
they had different durations of visibility. In the first hdoth circles stayed on the
screen for 200 milliseconds. In the second half, one of thkesistayed for 200
milliseconds and the other circle stayed for less than 200yn24, 36, 48, 60 or 72
milliseconds for 240 trials in total (120 for each visual field)e split-brain patient
was instructed to press the keys denoting “yes” if he thobhghthe circles stayed
for the same amount of time, or press another set of keys denotin§ thecircles
stayed on the screen for different amounts of time. Thetneaslthat the subject’s
right hemisphere had an advantage and better performand@éhaft hemisphere
in duration comparisons. Results of this research were agiagngiew that left
hemisphere was solely specialized for temporal processsimehtioned earlier,
that evidence was supportive of the idea that temporal pingeskich is implicit in
so many different cognitive tasks cannot be localized tgiamevithin one
hemisphere.

Notwithstanding the surprising evidence for right hemisphericradge

related to temporal processing, there is evidence fonéefiispheric advantage in



different modalities of temporal processing such as briéfd¢atimuli. For example,
when vibrations that lasted for 120 milliseconds and contained 6 prs&8 msec.
gaps (in the middle of the vibration) were applied unilatetaliyre hands of 30 first
year university students, it was observed that there Jedst®emisphere advantage:
the left hemisphere’s brief temporal gap detection performaasebetter than the

right hemisphere’s (Nicholls & Whelan, 1998).

Generalization of Temporal Processing and Search for Biftéfime Ranges

There is also the issue of generalization of temporal psogeexperience and how
that relates to hemispheric lateralization. The neural papalatock model of time
perception briefly described in the previous section prethatsexercise must have
an effect on temporal processing. In line with this ideagtiseevidence that the
human brain can generalize temporal processing to differentlitexiar different
gualities. It has been found that practicing temporal intefgatichination tasks (in
the range of hundreds of milliseconds) can generalize to diffepectral auditory
markers (Wright, et al., 1997). In that study, 14 subjectg wamed for one hour
per day for 100 msec intervals for ten days, and then théarpgnce in a temporal
interval discrimination task was measured. The task wdstoiminate a temporal
interval of 100 msec bounded by very short 1 Khz tones from lonigevals. It was
found that the trained subjects were able to detect 100inteec¢als bounded by
different frequencies of short tones; however, they werelletta generalize this to
the untrained intervals such as 50, 200, or 500 msec. Thissigdgsted that
discrimination of auditory time intervals developed witkhart period of training

and this type of learning was specialized temporally butpesttsally.



Another study also suggested that short period of practiceepfahttiming
improved performance and this ability generalized across differedalities,
hemispheres and skin locations (Nagarajan, et al., 1998) uilhersa trained 22
subjects for 10 to 15 days for tactile temporal intervalrofisnation task. Subjects
were provided with two mechanical vibration pulses to themgéhenar eminence)
that were separated by a fixed amount of time and thehemuair of same modality
of pulses which were separated by a longer target duratnay. Were asked to
indicate which of the pairs was separated by the talaeidr) duration. Once their
temporal discrimination threshold was determined, they waired for 900 trials
everyday for 10 to 15 days. After the training, it was fotlrad the subjects were
able to do the similar discrimination task for the vibratigngiad to other parts of
the body such as different fingers and contralateral hands.al$@ghowed similar
performances for the durations that were defined by auditamglsigHowever the
trained subjects were not able to generalize across diffienmporal intervals. These
results suggest that even though similar time estimatiohanésms may exist in the
brain for different sensory modalities, a central internadicimodel is not adequate

because it does not account for such generalizations and leafmmerval timing.

Gender Differences

The question “is there a difference between genders regamiegstimation?” does
not have a definitive answer. First of all the issue of beaymmetry between
genders is not a settled one. This is important becausetihile estimation
mechanism (or mechanisms) is distributed in the brain,tthemay be affected by

various asymmetries between genders.



Even though meta analyses do not provide conclusive evidence fibedieta
gender based brain asymmetries (Hellige, 2001), there arevbiata suggest that in
some conditions such as auditory signal based time estimiugwa,are gender
differences (Dolu, et al., 2004), suggesting that males are atcurate in
prospective time estimation. Another study also provides evidentetter
performance of males in time duration judgments (Loftus, €1 @86). In addition, a
review by Block, Hancock, and Zakay shows that there is somadl but significant
difference between genders in terms of prospective tinteas&in where subjects
are previously informed that they would be making duration judgr{@&hbck,
Hancock, & Zakay, 2000).

There is also different evidence for hemispherical connectiwiti corpus
callosum differences between genders. For example a studyllag @e-Utamsig
& Holloway provides evidence for larger splenium in the feméDed acoste-
Utamsig & Holloway, 1982). However another study by JanckeSasidmetz casts
doubt on that evidence by failing to find evidence for significgmder differences
in terms of corpus callosum shape and size (Jancke & St#nA003).

Thus it is reasonable to investigate the effect of gend@naestimation
using different ranges, modalities and sides by having genlderckead experiment

groups.

Using Music Experience

The previous sections provided evidence that humans can handleaempor
processing tasks better if there had been some previouserddiere is also a
generalization to different modalities, hemispheres an#ensiintramodal

differences) but not to different intervals.



Using some aspect of temporal expertise as in extensivesprohal music
training can shed light on important aspects of temporal priagessthe human
brain. Since musical temporal processing is in the rangelldenonds, people who
are music experts are good candidates to investigate the modéigpotheses of
time perception, cross-modal interval estimation genetalizeand hemispheric
lateralization.

Previous studies provide data that show that even though musida sbil
such as tonal processing (both low level pitch processing andavighnhelodic
processing) and rhythmic processing are generally located iigttidnemisphere for
non-musicians, extensive professional musical training leatie teft hemisphere
dominance for musical processing (Bever & Chiarello, 1974)sd data lead to the
prediction that people who are experts in temporal processihg mange of
milliseconds must be able to do successful time discriminaiggments (in the
range of tens of milliseconds to hundreds of milliseconds) féerdiit modalities
(e.g. auditory, tactile) and hemispheres. Another predicsidimait, musical
performance is related to the range of milliseconds and sisctated in the
previous section, that temporal processing practice does not lggnayalifferent
intervals, professional musicians are not expected to difier hon-musicians for
temporal stimuli in the 1 second to 5 second range. Thelsoig@dence suggesting
that auditory temporal processing happens on two different tiheges@s-50 msec
and 200-300 msec (Boemio, et al., 2005).

In the light of these ideas, an experimental task wagmss to investigate
the effects of musical training on timing mechanism anddatgr The task was to

make time estimations in two different time ranges (shadtlang) for two
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modalities, tactile and auditory. To investigate the poteetiacts of laterality,
stimuli were applied to the left side and the right sidthefbody.

The following were the hypotheses to be tested based on tleatctime
perception framework using the experimental task mentioned above:

1. Professional musicians (M) will perform better in tempdiatrimination
tasks that are in the sub-second range compared to non-mu@iidnsT his
means that musician’s errors are going to be smaller cechpamnon-
musicians in the 100 msec. to 900 msec. (with 50 msemiecrts) range for
both auditory and tactile modalities.

2. M will be able to generalize the above temporal discrinonaiask to
different modalities such as tactile stimulation.

3. M and NM will have similar performance levels for tempaliacrimination

tasks in the 1 to 5 sec. range of time perception (with Z&Eimcrements).
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CHAPTER 2

METHOD

Subjects

Two groups took part in the experiments, “musicians” (M) and ‘maisicians”
(NM). “Musician” meant a person who had at least seversy&amusical training
and one who played with an orchestra or a band. “Non-musigiaaht a person
who had no professional music training and did not play any musstediment
professionally or with an orchestra or a band.

Seventeen musicians and 22 non-musicians participated in thinsspis.
Both groups consisted of subjects who were eitheaBigi University students or
friends of the experimenter. They were either undergradoatgaduate students.
The musician group consisted of 8 women and 9 men; with aagevage of 24.11
years (SD = 2.95). The average years of musical experfenthe group was 11
years (min. 7, max. 15 years). There were 12 guitpiarto (keyboard), and 2
saxophone players in the group; some of the players were multiAresitalists.

The non-musician group consisted of 12 women and 10 men; with eagave
age of 26.77 years (SD = 2.91). Thirteen of the musiciand&uwod the non-
musicians reported themselves as being right-handed. Onenusilean and 1 male

non-musician reported themselves as being left-handed.
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Stimuli

There were two types of stimuli: auditory sequences (auditonalityydand tactile
sequences (tactile modality). The auditory sequences hadgbpauditory signals in
two different ranges: Ras the sub-second range (100 msec. to 900 msec, 500 msec.
as the standard stimulus) angld® the supra-second range (1 to 5 seconds, 3 seconds
as the standard stimulus), Ras the range between 100 msec. and 900 msec. The
standard stimulus was 500 msec. and the difference wase®0 fns 50 msec.);
ranging from 100 msec. to 900 msec. in steps of 50 msectafige included
comparison intervals such as (500, 750), (250, 500), (850, 500),aefc.ineluding

the standard stimulus in the first or the last part iounterbalanced order. The
ordering of the intervals (either ascending or descending)nifaed order but the
direction of the sequence and the slot of the standard stimahesrandomized, such
as ascending (e.g. (100, 500), (150, 500), (200, 500), (500, 250), (50Q,3500),
500), ..., ) or descending (e.g. (500, 900), (850, 500), (500, 800), (500(5TM)
700), (600, 500), ...,). Rwas the range between 1 sec. and 5 sec. The standard
stimulus was 3 sec. and the difference was 250 msex260 msec.); durations
ranged from 1 to 5 seconds in steps of 250 msec. This rangdeddhtervals such

as (3, 4.25), (3.25, 3), (5, 3), etc., each including thedara stimulus in the first or
the last part in a counterbalanced order. The ordering ofittweals (either
ascending or descending) was in fixed order but the directior cketliuence and the
slot of the standard stimulus were randomized, such as asgdedi. (1, 3), (1.25,

3), (.50, 3), (3, 1.75), (3, 2), (2.25, 3), ..., ) or descen@irg (3, 5), (4.75, 3), (3,
4.50), (3, 4.25), (4, 3), (3, 3.75), ...,). The tactile seqeehad the same temporal

characteristics as the auditory sequence described above.
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The auditory signal used in the auditory sequences was a puseisial tone
at a frequency of 1000 Hz, a sampling frequency of 44100 Hz aachplitude of 75
dB (SPL) heard through circumaural headphones. This signal was proddced a
controlled by a PC (running MATLAB 6.5 software). A window oftwas applied
to this sinusoidal wave at the beginning (rise time = 10sedbnds) and the end
(decay time = 10 milliseconds) so that the wave slowdgdain and faded out
respectively. This method was applied so the subjecteaxperiment would not
experience a sudden rise and an immediate cut in the sigmakiveit a smooth
beginning and an end. This also eliminated a possible cue bemtheswise
subjects could have used these sudden changes as a cuepsiresiausoidal tone,
without the coSwindow applied, produced easily audible clicks at the beginning and
the end of stimulation. The sound pressure level of the sigamtalibrated
according to the author’s ears wearing circumaural stereo headp(gDeY MDR
XD-100). The sound signal which was produced by the PC at its higtlaste was
passed through a low pass filter at a frequency of 10 KHz anolutiput was
attenuated using a programmable attenuator (Tucker Davis Teciasali®}JS
System 3 PA5). The sound levels were calibrated neayriganic membrane by
using a clinical probe microphone system (ER-7C, Etymotic Reseldimois,

USA).

The tactile stimulus was created by the same PC andaseftiescribed
above, as an easily detectable physical vibration appligektopper middle part of
the middle finger of the hand. The middle fingers of the stdbjgere molded in
modeling clay (Van Aken International, Rancho Cucamonga, CAjdar to prevent
involuntary movement. The wave for the tactile stimulus Ve gurely sinusoidal

at a fundamental frequency of 250 Hz and a sampling frequency oHO®Efore
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the start of the experiment the subjective tactile vibratinreshold was measured
using a two-interval forced-choice paradigm (using the TACIs&Bware) as
described in (Guglu & Bolanowski, 2005), and during the experintkatsignal

with an amplitude of 20 dB higher than the subjective tatttiieshold was applied to
the finger. Again a csvindow was applied to the beginning and the end of the
wave. The signal was passed through a 1 KHz filter anolijput was input to the
PAS5 attenuator which sent the signal to the amplifier (ALESS300). The
resulting wave was sent to the V203 electro-dynamic shakeg Rynamic Systems
Ltd., Royston, Herts, UK). The sound of the vibrator machias mvasked by white
noise provided through the earphones. All of the responses of tleetswbye
obtained by a custom made box that had two switches which seYiesv No
answers to the computer. All of this setup was locatéiteaPsychophysics

Laboratory of Boazigi University Biomedical Engineering Institute.

Procedure

The central task in the experiments was to detect wipair af signals were of equal
duration. The method of limits was used to find the thresholtseafubjects’
threshold of temporal interval discrimination.

The components described above led to 10 different permutations for
musicians and non-musicians (short range auditory stimulus feaeftight ear and
both ears; short range tactile stimulus for left hand and Inghdl; long range
auditory stimulus for left ear, right ear and both ears, tange tactile stimulus for
left hand and right hand).

To counterbalance the conditions a Latin square design wdskeseh

subject was first randomly assigned to either auditory atdaxindition, then left or
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right hand was chosen (for tactile stimulus), or left, raghboth ears were chosen
(for auditory stimulus) and then long range or short range wasmchos

The subjects were placed in a relatively sound-isolated nodine
psychophysics laboratory in Biomedical Engineering Institute. A§@pped with
required sound and vibration synthesis software was used andfaysatity and
comfortable circumaural headphones that provided sound insulaticuseg$or
presenting the auditory stimuli as described above. Two asceamtirigvo
descending sequences in two different rangemB R were randomized as
described above, and played through the headphones to the tefeatigr both
ears, or applied by the electro-mechanical shaker to the teftdraight hand. For
each signal pair, there was a 1 second pause betweegrthks.sSubjects made a
forced choice (Yes / No) temporal judgment by pressing one giréukefined keys
on the switch box to indicate whether the durations of both sigridhe pair were
equal or not. They were instructed to press the red buttbeyifperceived the pair of
signals as of different duration or the green button if gezgeived them as of same
duration. Subjects were given limited time (2 seconds) to ragliedgment. If no
response occurred during this trial, this was counted as noafeaisi the next trial
started. The subject was motivated to make judgmeniteiallowed period by being
instructed to state his or her answer as soon as he or skedmathe yellow LED lit
up.

The above procedure was one element of a single block. The preeeakir
repeated until the subject produced a Yes (meaning both sigaperceived as of
equal length) response and this completed one block of trial. Fmlkshof trials
were run with five seconds of breaks given between block$ IEHack was

randomized in terms of being in ascending or descending order @ndastaken to
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include exactly two ascending and two descending orders. Almaér to prevent
subject's counting the order and number of the intervalsadtasich block was offset
by 1 element randomly, e.g. started with 150 msec. insted@Oofmsec. (ascending)

or 1.25 seconds instead of 1 second.

Measuring the Responses

A typical data set from one of the experiments (e.g. asceadititpry short range
signal applied to both ears or tactile short range vibratioleapio right hand)
looked like the following (Y for Yes: equal durations, N for diferent durations):
(100, 500) ... (500, 250) (500, 300) (350, 500) (500, 400) (450, 500)
N ... N N N N Y

The point for which the ‘Yes’ answer was given marked thecapmate
boundary of the subject's threshold for temporal discriminatiengltdser that was to
the standard stimulus the better was the accuracy of makamporal judgment,
hence a lower threshold of temporal discrimination. The aétitnmean of the non-
standard stimulus at the last ‘No’ answer and the one atféseanswer was taken,
for the above hypothetical data set the result would be (400 + 250425 msec.
Then the absolute difference between this number and the statidawtlis (e.g. 500
msec.) was taken to indicate how close the subject cathe gtandard stimulus, in
this case 500 — 425 = 75 msec. This was the absolute diféef@nithie ascending
sequence. Using the same calculations the absolute diffédmraescending
sequence was also calculated and the average of absdieteraié of ascending and
the absolute difference of descending sequence gave theaabisagute difference

for one permutation.
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To counterbalance the experimental conditions, the subjeotsfinst
assigned one of the modalities. If they were assign#dtetauditory condition, the
experiment was done for either the left or the right ear, orderth stimulated for
both the short and long range auditory sequences. If subjectéinseassigned to
the tactile condition, similarly short and long range tacéiguences were applied
either to the left or the right side of the body (the middigér) with a
counterbalanced order as described earlier. This lee tmllbwing conditions for
the experiment: long range left ear, long range right ear,rlomge both ears, long
range left hand, long range right hand, short range leftleant, rienge right ear, short

range both ears, short range left hand, and short range right hand
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CHAPTER 3
RESULTS

For every experiment conducted for musicians and non-musicians,iitioé gamuli
to which they responded as “yes” by pressing the green butt@miimgethat they
perceived the pair of signals as having equal duration) wasdest for two
ascending and two descending sequences. For each sequenceaivibagme
point for the “yes” answer and the one before that was takgnif(subject decided
that the pair of signals in the long ascending range, e.g. (3600), had same
duration then it was calculated as (2250 + 2500) / 2 = 2375 m§his)led to two
data points for each type of sequence (two for ascendindotwiescending). The
average of numbers for ascending and the average of nufobdescending
sequences were calculated. This calculation gave the abtioles for one subject
(one for ascending and one for descending sequence). To be addeds the error
made by subjects, the absolute difference between these tvbersand the
standard stimulus (3000 msec. for long range and 500 msec. foresige) were
calculated. For example, if the absolute average timarf@scending sequence was
calculated as 2375 msec, then the absolute difference was-3B31® = 625 msec.
Finally, the average of the absolute differences for ascesdumgence and the

descending sequence gave the average of absolute differend¢esdobject.
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Gender Differences

A four way analysis of variance (ANOVA) with repeatedasigres on two factors
(Gender x Group x Side x Ascending / Descending) for long rangwgudondition
indicated a significant difference between male and femdigects [F(1, 210) =
4.62, p = 0.03]. Male subjects were better than feswudgects in the long range
auditory time estimation. There was significant differelpetveen musicians and
non-musicians [F(1, 210) = 33.06, p < 0.001]. Musicians wererlib#a non-
musicians. There was no significant difference betweers §i{@, 210) = 0.49, p =
0.48]. There was a significant difference between ascendmhdescending order
[F(1, 210) = 11.99, p < 0.001]. The performance of subjectdetdsr in the
ascending order. There was no interaction between gender, gideipnd ordering
of sequences (for Gender x Group [F(1, 210) = 0.42, p = 0.5 kdnder x Side
[F(2, 210) = 1.31, p = 0.30], for Group x Side [F(2, 210) = 0p14,0.71], for
Gender x Ascending/Descending [F(1, 210) = 0.30, p = 0.60], for Group
Ascending/Descending [F(1, 210) = 1.31, p = 0.25], for Side x
Ascending/Descending [F(1, 210) = 2.20, p = 0.15], for Gendapux Side [F(2,
210) = 0.32, p = 0.57], for Gender x Group x Ascending/Desceifil{ag210) =
2.26, p = 0.14], for Gender x Side x Ascending/Descending [F(2,20@1, p =
0.97], for Group x Side x Ascending/Descending [F(2, 210) = 0.610.44], for
Gender x Group x Side x Ascending/Descending [F(2, 210) = 0.95,385.

The same type of test for long range tactile condition did not show
significant difference between genders [F(1, 134) = 1.02, 8H.0There was
significant difference between musicians and non-musicians1B@),= 30.23, p <
0.001]. Musicians were better than non-musicians. There wsigmi@icant

difference between sides [F(2, 134) = 3.9, p = 0.0501]. Thaseavsignificant
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difference between ascending and descending order [F(1, 134) 3 @ K 96001].
The performance of subjects was better in the ascending dlage was no
interaction between gender, group, side and ordering of sezpiéioc Gender X
Group [F(1, 134) = 0.05, p = 0.81], for Gender x Side [F(1, 134) 5 p.63.31],
for Group x Side [F(1, 134) = 0.05, p = 0.82], for Gender x Adtgy/Descending
[F(1, 134) = 0.34, p = 0.56], for Group x Ascending/Descendif [F34) = 0.04, p
= 0.82], for Side x Ascending/Descending [F(1, 134) = 0.260® %], for Gender x
Group x Side [F(1, 134) = 0.99, p = 0.32], for Gender x Group X
Ascending/Descending [F(1, 134) = 0.55, p = 0.46], for Gendate\S
Ascending/Descending [F(1, 134) = 0.15, p = 0.67], for Group x>Side
Ascending/Descending [F(1, 134) = 0.25, p = 0.61], for Gendeoux Side x
Ascending/Descending [F(1, 134) = 0.72, p = 0.39]).

The same type of test for short range auditory condition indiGate
significant difference between genders [F(1, 214) = 10.46,.pX.(Males were
better than females in the short range auditory time estmtsk. There was
significant difference between musicians and non-musicians2E#),= 14.61, p <
0.001]. Musicians were better than non-musicians. There wsigmi@icant
difference between sides [F(2, 214) = 0.01, p = 0.97]. Thaseansignificant
difference between ascending and descending order [F(2, 214) 5 26.88001].
The performance of subjects was better in the ascending dheee was no
interaction between gender, group, side and ordering of sezpiéioc Gender x
Group [F(1, 214) = 0.18, p = 0.67], for Gender x Side [F(2, 214) 5 p.88.30],
for Group x Side [F(2, 214) = 0.01, p = 0.92], for Gender x Aditw/Descending
[F(1, 214) = 0.50, p = 0.47], for Group x Ascending/Descendifly [Fl4) = 0.21, p

= 0.64], for Side x Ascending/Descending [F(2, 214) = 0.610p43], for Gender x
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Group x Side [F(2, 214) = 0.26, p = 0.60], for Gender x Group X
Ascending/Descending [F(1, 214) = 0.001, p = 0.96], for GendedeOSi
Ascending/Descending [F(2, 214) = 0.49, p = 0.48], for Group x)Side
Ascending/Descending [F(2, 214) = 0.65, p = 0.42], for Gendepxx Side X
Ascending/Descending [F(2, 214) = 0.86, p = 0.35]).

The same type of test for short range tactile condition showstynidicant
difference between male and female subjects [F(1, 133) 7 @#89.05]. There was
no significant difference between musicians and non-musiciahsIB88) = 2.90, p
= 0.09]. There was no significant difference betweeassj&(1, 133) = 1.47,p =
0.22]. There was a significant difference between ascendiohgescending order
[F(1, 133) = 17.04, p < 0.001]. The performance of subjectdetdsr in the
ascending order. There was no interaction between gender, gideipnd ordering
of sequences (for Gender x Group [F(1, 133) = 1.13, p = 0.29kdnder x Side
[F(1, 133) = 2.70, p = 0.11], for Group x Side [F(1, 133) = 1p2%,0.27], for
Gender x Ascending/Descending [F(1, 133) = 0.03, p = 0.85], for Group
Ascending/Descending [F(1, 133) = 0.87, p = 0.35], for Side x
Ascending/Descending [F(1, 133) = 0.20, p = 0.65], for Gendapux Side [F(1,
133) = 0.24, p = 0.62], for Gender x Group x Ascending/DescefB{dg133) =
0.02, p = 0.96], for Gender x Side x Ascending/Descending [F(1,183)0, p =
0.75], for Group x Side x Ascending/Descending [F(1, 133) = 0.010.9H, for

Gender x Group x Side x Ascending/Descending [F(1, 133) = 0.20,¢45).
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Long Range Time Estimation

Auditory Modality - Females

Fig. 1 shows the time estimations (absolute times) for theaaydiong range
sequence for musicians and non-musicians in the female group.CEmeliag and
descending sequences are given separately for left dareagand both ears. Table
1 summarizes the absolute time data for the long range auditerydasg and
descending conditions (all numbers are in milliseconds, standamadist is 3000

msec).
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Auditory Long Range - Absolute Times (Females)

4500

4000

3500
3000
2500 —
2000 —
1500 —
1000
500 —
0

Left

Right

Ascending

Both

Left Right

Both

Descending

Musician

W Non-musician

Fig. 1 The absolute average times (in milliseconds) at which fesuddgects decided
that the tones were of equal length for ascending and desceoéngequences.

Table 1.Absolute Times for Long Range Auditory Signals in Ascending and
Descending Order for Female Subjects

Left SD Right SD Both SD
Ascending
Musician 2589.29  172.52 2500.00 291.24 2500.00 353.55
Non-mus. 2229.1f  408.33 2052.08 326.21 2229.17 368.63
Descending
Musician 3678.57 329.59 3609.38 631.88 3640.63 635.40
Non-mus. 3781.25 571.89 3916.67 603.81 4136.36 472.54

A three way ANOVA for absolute times with repeated measomesvo

factors (Group x Side x Ascending/Descending) for femaleseimdiditory long

range time estimation task showed no significant differentvecles groups [F(1,

110) = 0.08, p = 0.78]. There was no significant differentedsen sides [F(2, 110)

=0.80, p = 0.37]. There was a significant differencevbenh ascending and
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descending orders [F(1, 110) = 332.05, p < 0.001]. The absol@ddimascending
order was closer to the standard stimulus. There were nificagt interactions
between groups, sides and ascending/descending order (for groughF(3jdel0) =
0.15, p =0.69], for group x ascending/descending [F(1, 110) =d49,16], for
side x ascending/descending [F(2, 110) = 1.49, p = 0.22], for greige x
ascending/descending [F(2, 100) = 0.58, p = 0.44]).

Fig. 2 shows the absolute difference between the subjects’ absedpbnse
time and the standard stimulus for the auditory long rangmesty and descending
sequences. The ascending and descending sequences are giarlgdpaleft ear,
right ear and both ears. Table 2 summarizes the absoldeedite data for the long
range auditory ascending and descending conditions (all numbens are i

milliseconds).
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Auditory Long Range - Absolute Differences (Females)

1400

1200

1000

800
600 ‘
400 +—
200 +—
0

Left

Righ

Ascending

t

Both

Left

Right

Descending

Both

Musician

B Non-musician

Fig. 2The absolute difference between the female subjects’ decisibthe standard
stimulus (3000 msec.) for ascending and descending tone sequences.

Table 2.Absolute Differences for Long Range Auditory Signals in Ascendird)
Descending Order for Female Subjects

Left SD Right SD Both SD
Ascending
Musician 410.71 172.52 500.00 291.24] 500.00 353.55
Non-mus. 791.6f  362.81 947.92) 326.21 770.83 368.63
Descending
Musician 678.57 329.59 609.38 631.88 671.88 597.38
Non-mus. 802.08 539.51 979.17) 326.21] 1156.25 455.79

Fig. 3 shows the average of absolute differences fondsuwgand

descending auditory long range sequences. The averages are pamatebgfor left

ear, right ear and both ears. Table 3 summarizes thegavetabsolute differences

for ascending and descending auditory long range sequences.
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Auditory Long Range - Average of Absolute Differences (Females)
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Fig. 3The average of ascending and descending sequences’ absoluénciffe
between the female subjects’ decision and the standardlss (3000 msec.).

Table 3.The Average of the Absolute Differences for Ascending arst&wding
Auditory Long Range Sequences for Female Subjects

Left. SD Right SD Both SD
Musician 544.64  221.60 554.69 438.69 585.94 462.83
Non-mus. 796.88  412.97 963.54 376.38 963.54 355.02

A three way ANOVA for absolute differences with repeatehsures on two
factors (Group x Side x Ascending / Descending) for the fenralgpgndicated that
there was a significant difference between musicians and ositians [F(1, 110) =
18.39, p < 0.001]. Absolute differences for musicians werelsntain non-
musicians. There was also significant difference for asogridiescending order
[F(1, 110) = 3.98, p < 0.05]. The absolute difference for descgratter was

bigger. This test did not show any significant interaction betvike groups, ears
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and ascending or descending order (for group x side [F(2, 110) =p0=38.53], for
group x ascending/descending [F(1, 110) = 0.05, p = 0.81], for side x
ascending/descending [F(2, 110) = 1.02, p = 0.31], for group x side x

ascending/descending [F(2, 110) = 1.37, p = 0.24]).

Auditory Modality - Males

Fig. 4 shows the time estimations (absolute times) for thecaydiong range
sequence for musicians and non-musicians in the male group. Emeliagcand
descending sequences are given separately for left dd@reagand both ears. Table
4 summarizes the absolute time data for the long range auditerydasg and
descending conditions (all numbers are in milliseconds, standauadist is 3000

msec).
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Auditory Long Range - Absolute Times (Males)
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Fig. 4 The absolute average times (in milliseconds) at while subjects decided
that the tones were of equal length for ascending and desceoingequences.

Table 4.Absolute Times for Long Range Auditory Signals in Ascending and
Descending Order for Male Subjects

Left SD Right SD Both SD
Ascending
Musician 2453.183 365.58 2531.25 206.63 2607.14 283.47
Non-mus. 2312.50 354.78 2425.00 307.32 2437.50 391.98
Descending
Musician 3531.25 426.52] 3375.00 400.89 3500.00 237.17
Non-mus. 3825.00 301.62 4175.00 507.58 3862.50 430.80

A three way ANOVA for absolute times with repeated measomesvo
factors (Group x Side x Ascending/Descending) for males inutigoay long range
time estimation task showed a significant difference betweeups [F(1, 100) =
4.46, p < 0.05]. Musicians were closer to the standardiktsthan non-musicians.

There was no significant difference between sides [F(2, 100)9; fo = 0.27]. There
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was a significant difference between ascending and descendimg [r(le 100) =
324.57, p < 0.001]. The absolute time for ascending order wag tiase standard
stimulus. There were no significant interactions between greiges and
ascending/descending order (for group x side [F(2, 100) = 0.04, 84} far group
x ascending/descending [F(1, 100) = 0.05, p = 0.88], for sideexdisg/descending
[F(2, 100) = 0.09, p = 0.76], for group x side x ascending/desugfid{2, 100) =
0.05, p = 0.84]).

Fig. 5 shows the absolute difference between the subjects’ absedpbnse
time and the standard stimulus for the auditory long rangmesty and descending
sequences. The ascending and descending sequences are giarlgdpaleft ear,
right ear and both ears. Table 5 summarizes the absoldeedite data for the long
range auditory ascending and descending conditions (all numbens are i

milliseconds).
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Auditory Long Range - Absolute Differences (Males)
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Fig. 5The absolute difference between the male subjects’ decistbtha standard
stimulus (3000 msec.) for ascending and descending tone sequences.

Table 5.Absolute Differences for Long range Auditory Signals in Asceg@nd
Descending Order for Male Subjects

Left SD Right SD Both SD
Ascending
Musician 546.88 365.58 468.75 208.63 421.88 274.98
Non-mus. 687.50 354.78 575.00 307.32 562.50 391.98
Descending
Musician 531.25  426.52 437.50 320.43 625.00 365.96
Non-mus. 825.00 301.62 1175.00 507.58 862.50 430.80

Fig. 6 shows the average of absolute differences fondsawgand
descending auditory long range sequences. The averages arecpaaialy for left
ear, right ear and both ears. Table 6 summarizes thegavetabsolute differences

for ascending and descending auditory long range sequences.
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Auditory Long Range - Average of Absolute Differences (Males)
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Fig. 6 The average of ascending and descending sequences’ absoluéndéfe
between the male subjects’ decision and the standard sti(B0@ msec.).

Table 6.The Average of the Absolute Differences for Ascending arst&wding
Auditory Long Range Sequences for Male Subjects

Left. SD Right SD Both SD
Musician 539.06 376.39 453.13 225.97] 523.44 307.89
Non-mus. 756.2b  227.17 875.00 325.43 712.50 398.78

A three way ANOVA for absolute differences with repeatezhsures on two
factors (Group x Side x Ascending / Descending) for the male gnoligated that
there was a significant difference between musicians and osicians [F(1, 100) =
14.80, p < 0.001]. The absolute differences for musicians weakes than non-
musicians. There was also significant difference for asogridlescending order
[F(1, 100) = 9.11, p < 0.01]. The absolute difference for tiseateding order was
bigger than the ascending order. There was no differencedfes (2, 100) = 0.12,

p = 0.72]. This test did not show any significant interactietwbken the groups, ears
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and ascending or descending order (for group x side [F(1, 100) =p0=0287], for
group x ascending/descending [F(1, 100) = 4.19, p = 0.43], for side x
ascending/descending [F(2, 100) = 1.15, p = 0.28], for group x side x

ascending/descending [F(2, 100) = 0.02, p = 0.87]).

Tactile Modality - Females

Fig. 7 shows the time estimations (absolute times) for tigetéong range sequence
for musicians and non-musicians in female group. The ascendirdgacending
sequences are given separately for left hand and right habld 7 summarizes the
absolute time data for the long range tactile ascending a&cémiding conditions (all

numbers are in milliseconds, standard stimulus is 3000 msec).

33
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Fig. 7The absolute average times (in milliseconds) at which femddgects decided
that the vibrations were of equal length for ascending anc:desg vibratory
sequences.

Table 7.Absolute Times for Long Range Tactile Ascending and Descendithgy O
for Female Subjects

Left SD Right SD
Ascending
Musician 2468.75 339.05 2546.88 411.54
Non-mus. 2045.4p  257.83 2181.82 380.64
Descending
Musician 3875.00 467.71  3839.29 562.33
Non-mus. 4062.50 438.000 4088.64 381.01

A three way ANOVA for absolute times with repeated measaretwo
factors (Group x Side x Ascending/Descending) for femaleseiteittile long range
time estimation task showed no significant difference betweeups [F(1, 67) =

0.10, p = 0.74]. There was no significant difference betvsades [F(1, 67) = 0.41, p
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= 0.52]. There was significant difference between asograid descending orders
[F(1, 67) = 331.05, p < 0.001]. The absolute time for ascending wedecloser to
the standard stimulus. There were no significant interachietvgeen groups, sides
and ascending/descending order (for group x side [F(1, 67) = 0.0D,.89Ffor
group x ascending/descending [F(1, 67) = 0.16, p = 0.72], for side x
ascending/descending [F(1, 67) = 0.14, p = 0.70], for group x side x
ascending/descending [F(1, 67) = 0.13, p = 0.71]).

Fig. 8 shows the absolute difference between the subjects’ absedpbnse
and the standard stimulus for the tactile long range ascenaihgescending
sequences. The ascending and descending sequences are giaalgdpathe left
hand and the right hand. Table 8 summarizes the absolute diffatatecfor the long

range tactile ascending condition (all numbers are in mitisgs).
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Fig. 8 The absolute difference between the female subjects’ decisibtha standard
stimulus (3000 msec.) for ascending and descending vibratory sequenc

Table 8.Absolute Differences for Long Range Tactile Ascending OrdefFémnale
Subjects

Left SD Right SD
Ascending
Musician 531.2% 339.05 453.13 411.54
Non-mus. 95455  257.83 818.18 380.64
Descending
Musician 750.00 477.16 839.29 562.33
Non-mus. 1147.78 502.55 1088.64 381.01

Fig. 9 shows the average of absolute differences fondsagand
descending tactile long range sequences. The averagesenesegparately for the
left hand and the right hand. Table 9 summarizes the avefadpsolute differences

for ascending and descending auditory long range sequences.
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Fig. 9The average of ascending and descending sequences’ absoluéndéfe
between the female subjects’ decision and the standardlss (3000 msec.). Lower
numbers mean better interval time discrimination

Table 9.The Average of the Absolute Differences for Ascending arst&wding
Tactile Long Range Sequences for Female Subjects

Left. SD Right SD
Musician 640.63 367.10  669.64 429.56
Non-mus. 1051.14 351.13  953.41 297.60

A three way ANOVA for absolute differences with repeateshsures on two
factors (Group x Side x Ascending/Descending) indicated a signtfiifference
between musicians and non-musicians [F(1, 67) = 14.04, p < 0.0@hbBolute
errors for musicians were smaller than the absolute erroofemusicians. There
was no significant difference between hands [F(1, 67) = §.39).53]. There was a
significant difference for ascending / descending order [F(1, 672% p < 0.01].

The absolute error for descending was bigger than the onsciemding. There were
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no interactions between the groups, hands and order of the seq(iengesup x
side [F(1, 67) = 0.25, p = 0.61], for group x ascending/descefigfhg67) = 0.12, p
= 0.72], for side x ascending/descending [F(1, 67) = 0.35).p5], for group x side

x ascending/descending [F(1, 67) = 0.05, p = 0.81)).

Tactile Modality - Males

Fig. 10 shows the time estimations (absolute times) faatttde long range
sequence for musicians and non-musicians in male group. The ascamdiing
descending sequences are given separately for left handyahdand. Table 10
summarizes the absolute time data for the long rangeetastiending and
descending conditions (all numbers are in milliseconds, standauadis is 3000

msec).
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Fig. 10 The absolute average times (in milliseconds) at whalk subjects decided
that the vibrations were of equal length for ascending anedés vibratory
sequences.

Table 10. Absolute Times for Long Range Tactile Ascending astéhding Order
for Male Subjects

Left SD Right SD
Ascending
Musician 2458.383  369.75 2618.00 276.71
Non-mus. 2150.00 332.29 2375.00 381.88
Descending
Musician 3828.18 389.24 3562.50 149.40
Non-mus. 4150.00 337.47) 4125.00 493.01

A three way ANOVA for absolute times with repeated measomesvo
factors (Group x Side x Ascending/Descending) for males irathiet long range
time estimation task showed no significant difference betweeups [F(1, 67) =

0.74, p = 0.39]. There was no significant difference betvsades [F(1, 67) = 0.03, p
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= 0.95]. There was significant difference between asograid descending orders
[F(1, 67) = 341.82, p < 0.001]. The absolute time for ascending wedecloser to
the standard stimulus. There were no significant interachietvgeen groups, sides
and ascending/descending order (for group x side [F(1, 67) = 1.1D,.29Ffor
group x ascending/descending [F(1, 67) = 1.37, p = 0.25], for side x
ascending/descending [F(1, 67) = 1.14, p = 0.63], for group x side x
ascending/descending [F(1, 67) = 0.60, p = 0.44]).

Fig. 11 shows the absolute difference between the subjbstliude response
and the standard stimulus for the tactile long range ascenaihgescending
sequences. The ascending and descending sequences are giaalgdpathe left
hand and the right hand. Table 11 summarizes the absolute diffefatacfor the

long range tactile ascending condition (all numbers are insetkdinds).
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Fig. 11The absolute difference between the male subjects’ deceisibthe standard
stimulus (3000 msec.) for ascending and descending vibratory sequenc

Table 11 Absolute Differences for Long Range Tactile Ascending OrdeMfae

Subjects

Left SD Right SD
Ascending
Musician 569.44 319.37 382.00 276.71
Non-mus. 850.00 332.29 650.00 332.29
Descending
Musician 916.67 450.69 562.50 149.40
Non-mus. 1150.00 337.47 1125.00 493.01

Fig. 12 shows the average of absolute differences for asceating

descending tactile long range sequences. The averagesearegparately for the

left hand and the right hand. Table 12 summarizes the averafsolute

differences for ascending and descending auditory long range sequences.
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Fig. 12 The average of ascending and descending sequences’etstdtgnce
between the male subjects’ decision and the standard stiB0E@ msec.). Lower
numbers mean better interval time discrimination.

Table 12.The Average of the Absolute Differences for Ascending and¢@&ebng
Tactile Long Range Sequences for Male Subjects

Left. SD Right SD
Musician 743.06 34438  574.25 222.78
Non-mus. 1000.00 282.60  887.50 347.11

A three way ANOVA for absolute differences with repeatezhsures on two
factors (Group x Side x Ascending/Descending) indicated a signtfdifference
between musicians and non-musicians [F(1, 67) = 16.67, p < 0.0@LabGolute
errors for musicians were smaller than the one for non-musidiaese was also a
significant difference between hands [F(1, 67) = 5.32, p = OT0f right hand had
smaller absolute difference than the left hand. Thesangignificant difference for

ascending / descending order [F(1, 67) = 16.47, p < 0.001]. Thutbdifference
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for descending order was bigger than the one for ascending heee were no
significant interactions between the groups, hands and ordes sétjuences (for
group x side [F(1, 67) = 0.87, p = 0.35], for group x ascending/descpji(il, 67)
= 0.54, p = 0.46], for side x ascending/descending [F(1, 6% p = 0.92], for

group X side x ascending/descending [F(1, 67) = 1.08, p = 0.30]).

Short Range Time Estimation

Auditory Modality - Females

Fig. 13 shows the time estimations (absolute times) foaukdéory short range
sequence for musicians and non-musicians in the female group.CEmeliag and
descending sequences are given separately for left dd@reagand both ears. Table
13 summarizes the absolute time data for the short range awaitmyding and
descending conditions (all numbers are in milliseconds, standauadis is 500

msec).
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Auditory Short Range - Absolute Times (Females)
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Fig. 13 The absolute average times (in milliseconds) at whiolale subjects
decided that the tones were of equal length for ascending atehdex) tone
sequences.

Table 13 Absolute Times for Short Range Auditory Ascending and Descending
Order for Female Subjects

Left SD Right SD Both SD
Ascending
Musician 371.88 50.78 396.88 58.92] 385.71 24.40
Non-mus. 347.92 66.11 347.92 58.83 352.08 63.79
Descending
Musician 675.00 61.24 664.29 85.22 678.13 103.89
Non-mus. 720.88  102.71 716.67| 74.87] 687.50 82.92

A three way ANOVA for absolute times with repeated measomesvo
factors (Group x Side x Ascending/Descending) for femalesishbrt range time
estimation task showed no significant difference betweempgr[F(1, 112) = 0.04, p

= 0.83]. There was no significant difference betweersgB€, 112) = 0.05, p =
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0.81]. There was a significant difference between ascendiohgescending orders
[F(1, 112) = 630.27, p < 0.001]. The absolute time for ascendingwedecloser to
the standard stimulus. There were no significant interachietvgeen groups, sides
and ascending/descending order (for group x side [F(2, 112) = 0.68,4p]=for
group x ascending/descending [F(1, 112) = 0.51, p = 0.33], for side x
ascending/descending [F(2, 112) = 0.61, p = 0.43], for group x side x
ascending/descending [F(2, 112) = 0.22, p = 0.63]).

Fig. 14 shows the absolute difference between the subjbstsliuge response
and the standard stimulus for the auditory short range ascemdirdgacending
sequences. The ascending and descending sequences are gianlgdpaleft ear,
right ear and both ears. Table 14 summarizes the absoluteddéedata for the
short range auditory ascending and descending conditions (all nurmdbars a

milliseconds).
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Auditory Short Range - Absolute Differences (Female)
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Fig. 14 The absolute differences between the female sshjlectision and the
standard stimulus (500 msec.) for ascending and descending toeaces.

Table 14 Absolute Differences for Short Range Auditory Ascending and Delsog
Order for Female Subjects

Left SD Right SD Both SD
Ascending
Musician 128.13 50.78 103.13 58.92] 103.13 38.82
Non-mus. 152,08 66.11 152.08 58.83 147.92 53.79
Descending
Musician 162.50 66.82 153.13 84.98 178.13 103.89
Non-mus. 220.83  102.71 216.67 74.87| 187.50 82.92

Fig. 15 shows the average of absolute differences for asceanting
descending auditory short range sequences. The averages arsegigeately for left
ear, right ear and both ears. Table 15 summarizes thegavafrabsolute differences

for ascending and descending auditory short range sequences.
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Fig. 15The average of ascending and descending sequences’ absoluéncéfe
between the female subjects’ decision and the standardlss (500 msec.).

Table 15.The Average of the Absolute Differences for Ascending and¢&elng
Auditory Short Range Sequences for Female Subjects

Left. SD Right SD Both SD
Musician 145,3149.97 128,1360.78 140,6367.40
Non-mus. 186,4678.42 184,3860.57 167,7163.17

A three way ANOVA for absolute differences with repeateshgures on two
factors (Group x Side x Ascending/Descending) also showed thatvtias a
significant difference between musicians and non-musicians1Eg),= 8.80, p <
0.01]. The absolute differences for musicians were smallerttigaone for non-
musicians. There was also significant difference betwseanding and descending
order [F(1, 112) = 17.28, p < 0.001]. The absolute difference tmedeling was

bigger than the one for ascending. There was no interactimede the groups, ears,
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and ascending / descending order (for group x side [F(2, 112) = 0=08,77@], for
group x ascending/descending [F(1, 112) = 0.08, p = 0.78], for side x
ascending/descending [F(2, 112) = 0.01, p = 0.93], for group x side x

ascending/descending [F(2, 112) = 1.45, p = 0.23]).

Auditory Modality - Males

Fig. 16 shows the time estimations (absolute times) foauléory short range
sequence for musicians and non-musicians in the male group. Emeliagcand
descending sequences are given separately for left dd@reagand both ears. Table
16 summarizes the absolute time data for the short range awatitmyding and
descending conditions (all numbers are in milliseconds, standauadis is 500

msec).
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Fig. 16 The absolute average times (in milliseconds) at whalke subjects decided
that the tones were of equal length for ascending and desceodéngequences.

Table 16 Absolute Times for Short Range Auditory Ascending and Descending
Order for Male Subjects

Left SD Right SD Both SD
Ascending
Musician 394.44 41.04 393.75 70.39] 409.38 46.17
Non-mus. 382.50 37.36 365,00 50.28 377.50 39.88
Descending
Musician 622.22 81.44 634.38 106.85 646.88 99.50
Non-mus. 647.50 75.87 675.00 71.69 690.00 87.56

A three way ANOVA for absolute times with repeated measomesvo
factors (Group x Side x Ascending/Descending) for males inutikoay short range
time estimation task showed no significant difference betweeups [F(1, 102) =

0.23, p = 0.62]. There was no significant difference betvsedes [F(2, 102) = 0.05,
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p = 1.42]. There was a significant difference betweerrading and descending
orders [F(1, 102) = 416.67, p < 0.001]. The absolute time fendsty order was
closer to the standard stimulus. There were no significéeactions between
groups, sides and ascending/descending order (for group x side [F(2,@02) p
= 0.97], for group x ascending/descending [F(1, 102) = 0.31, p = @a23jde x
ascending/descending [F(2, 112) = 0.89, p = 0.34], for group x side x
ascending/descending [F(2, 112) = 0.33, p = 0.56]).

Fig. 17 shows the absolute difference between the subjbstsliude response
and the standard stimulus for the auditory short range ascendingscehding
sequences. The ascending and descending sequences are giarlgdpaleft ear,
right ear and both ears. Table 17 summarizes the absoluteddéedata for the
short range auditory ascending and descending conditions (all nurmdbars a

milliseconds).
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Auditory Short Range - Absolute Differences (Male)
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Fig. 17The absolute difference between the male subjects’ deeisibthe standard

stimulus (500 msec.) for ascending and descending tone sequences.

Table 17. Absolute Differences for Short Range Auditory AsceralinigDescending

Order for Male Subjects

Left SD Right SD Both SD
Ascending
Musician 105.56 41.04 106.25 70.39 90.63 46.17
Non-mus. 117.50 37.36 135.00 50.28 122.50 39.88
Descending
Musician 122.22 81.44 134.38 106.85 146.88 99.50
Non-mus. 147.50 75.87 175.00 71.69 190.00 87.56

Fig. 18 shows the average of absolute differences for asceanting

descending auditory short range sequences. The averages arsegigeately for left

ear, right ear and both ears. Table 18 summarizes thegavafrabsolute differences

for ascending and descending auditory short range sequences.
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Auditory Short Range - Average of Absolute Differences (Male)
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Fig. 18The average of the absolute differences for ascending acendi#sy
auditory short range sequences for male subjects.

Table 18.The Average of the Absolute Differences for Ascending and¢&elng
Auditory Short Range Sequences for Male Subjects

Left SD Right SD Both SD
Musician 113.89 54.65 120.31 81.27) 118.75 67.48
Non-mus. 132.50 51.44 155.00 55.03] 156.25 56.90

A three way ANOVA for absolute differences with repeatezhsures on two
factors (Group x Side x Ascending/Descending) showed that thera sigsificant
difference between musicians and non-musicians [F(1, 102) = 58@,0%]. The
absolute differences for musicians were smaller than théoomen-musicians.
There was significant difference between ascending descendingl(tiel02) =
9.86, p < 0.01]. The absolute difference for descending ordebigger than the one

for ascending order. There was no significant difference betaides [F(2, 102) =
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1.13, p < 0.30]. There were no significant interactions eetthe groups, ears, and
ascending / descending order (for group x side [F(2, 102) = 0.20,65b}% for group
x ascending/descending [F(2, 102) = 0.13, p = 0.71], for sideendmg/descending
[F(2, 102) = 1.14, p = 0.28], for group x side x ascending/desugfid(2, 102) =

0.01, p = 0.91]).

Tactile Modality - Females

Fig. 19 shows the time estimations (absolute times) faiattide short range
sequence for musicians and non-musicians in the female group.CEmeliag and
descending sequences are given separately for left handyahtand. Table 19
summarizes the absolute time data for the short rangestastiending and

descending conditions (all numbers are in milliseconds).
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Tactile Short Range - Absolute Times (Females)
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Fig. 19 The absolute average times (in milliseconds) at whilale subjects
decided that the vibrations were of equal length for asceridglescending
vibratory sequences.

Table 19 Absolute Times for Short Range Tactile Ascending and DesceQutatey
for Female Subjects

Left SD Right SD
Ascending
Musician 318.7% 62.32 310.71 98.80
Non-mus. 300.00 68.01 309.09 76.05
Descending
Musician 740.63 87.56 771.43 74.20
Non-mus. 747.78 115.90 718.18 83.73

A three way ANOVA for absolute times with repeated measomesvo
factors (Group x Side x Ascending/Descending) for female<eiteittile short range
time estimation task showed no significant difference betweeups [F(1, 66) =

0.64, p = 0.42]. There was no significant difference betvsades [F(1, 66) = 0.01, p
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= 0.94]. There was significant difference between asograid descending orders
[F(1, 66) = 476.18, p < 0.001]. The absolute time for ascending wedecloser to
the standard stimulus. There were no significant interachietvgeen groups, sides
and ascending/descending order (for group x side [F(1, 66) = 0.28,.59Ffor
group x ascending/descending [F(1, 66) = 0.08, p = 0.87], for side x
ascending/descending [F(1, 66) = 0.03, p = 0.89], for group x side x
ascending/descending [F(1, 66) = 0.91, p = 0.34]).

Fig. 20 shows the absolute difference between the subjbstliuge response
and the standard stimulus for the tactile short range asceslihdescending
sequences. Ascending and descending sequences are given lydpartate left
hand and the right hand. Table 20 summarizes the absolute diffetata for the
short range tactile ascending and descending conditions (all nuanbens

milliseconds).
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Tactile Short Range - Absolute Differences (Females)
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Fig. 20 The absolute difference between the female ssbtision and the
standard stimulus (500 msec.) for ascending and descendingiytsaguences.

Table 20 Absolute Differences for Short range Tactile Ascending andérebing
Order for Female Subjects

Left SD Right SD
Ascending
Musician 181.2% 62.32 189.29 98.80
Non-mus. 200.00 68.01 190.91 76.05
Descending
Musician 240.63 87.56 271.43 74.20
Non-mus. 247.78 115.90 218.18 83.73

Fig. 21 shows the average of absolute differences for ascearmting

descending tactile short range sequences. The averages arsagaeately for the

left hand and the right hand. Table 21 summarizes the aveiratsolute

differences for ascending and descending tactile short range segjuenc
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Tactile Short Range - Average of Absolute Differences (Females)
300

Musician

T B Non-musician
250

200 ———

150 ———

100 +—

Left Right

Fig. 21 The average of ascending and descending sequences’etstdtgnce
between the female subjects’ decision and the standardigsi (500 msec.).

Table 21.The Average of the Absolute Differences for Ascending and¢@&ebng
Tactile Short Range Sequences for Female Subjects

Left. SD Right SD
Musician 210.94  65.95  230.36 75.30
Non-mus. 223.86  75.72] 20455 68.53

A three way ANOVA for absolute differences with repeatezhsures on two
factors (Group x Side x Ascending/Descending) showed that theneonsagnificant
difference between musicians and non-musicians (F(1, 65) =08,71) but it
showed that there was a significant difference for ascendindesugnding
sequences [F(1, 65) = 7.02, p < 0.05]. The absolute diffefencescending order
was bigger than the one for ascending order. There was nficsighdifference
between sides [F(1, 65) = 0.09, p = 0.76]. No significateraction was found

between the groups, hands and ascending / descending ordeo(foxgide [F(1,
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65) = 1.16, p = 0.29], for group x ascending/descending [F(1, 63)2: ®= 0.51],
for side x ascending/descending [F(1, 65) = 0.01, p = 0.92], for greige x

ascending/descending [F(1, 65) = 0.15, p = 0.69]).

Tactile Modality - Males

Fig. 22 shows the time estimations (absolute times) falatttde short range
sequence for musicians and non-musicians in the male group. Emeliagcand
descending sequences are given separately for left handyahdand. Table 22
summarizes the absolute time data for the short rangeetastiending and

descending conditions (all numbers are in milliseconds).
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Fig. 22 The absolute average times (in milliseconds) at whalk subjects decided
that the vibrations were of equal length for ascending anedés vibratory
sequences.

Table 22 Absolute Times for Short Range Tactile Ascending and DesceQutatey
for Male Subjects

Left SD Right SD
Ascending
Musician 350,0084.78 308,3876.03
Non-mus. 362,5060.38 365,0080.10
Descending
Musician 716,67107.53 769,4483.65
Non-mus. 670,0067.49 715,0069.92

A three way ANOVA for absolute times with repeated measomesvo
factors (Group x Side x Ascending/Descending) for males iratftéet short range
time estimation task showed no significant difference betweeups [F(1, 68) =
0.19, p = 0.66]. There was no significant difference betvsades [F(1, 68) = 0.69, p

= 0.41]. There was significant difference between asograid descending orders
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[F(1, 68) =411.41, p < 0.001]. The absolute time for ascending wedecloser to
the standard stimulus. There were no significant interachietvgeen groups, sides
and ascending/descending order (for group x side [F(1, 68) = 0.240,.61Ffor
group x ascending/descending [F(1, 68) = 1.45, p = 0.22], for side x
ascending/descending [F(1, 68) = 1.40, p = 0.27], for group x side x
ascending/descending [F(1, 66) = 0.50, p = 0.48]).

Fig. 23 shows the absolute difference between the subjbstiuge response
and the standard stimulus for the tactile short range asceslihdescending
sequences. Ascending and descending sequences are given lydpartate left
hand and the right hand. Table 23 summarizes the absolute diffefatacfor the
short range tactile ascending and descending conditions (all nuanbens

milliseconds).
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Fig. 23 The absolute difference between the male subgmigsion and the standard
stimulus (500 msec.) for ascending and descending vibratory sequences.

Table 23 Absolute Differences for Short Range Tactile Ascending andddekng
Order for Male Subjects

Left SD Right SD
Ascending
Musician 150.00 84.78 191.67) 76.03
Non-mus. 137.50 60.38 135.00 80.10
Descending
Musician 216.67 107.53 269.44 83.65
Non-mus. 170.00 67.49 215.00 69.92

Fig. 24 shows the average of absolute differences for asceantting
descending tactile short range sequences. The averages areggpeaeately for the
left hand and the right hand. Table 24 summarizes the avefratsolute

differences for ascending and descending tactile short range segjuenc

61



Fig. 24 The average of ascending and descending sequences’eatistdtence
between the male subjects’ decision and the standard sti(B0isnsec.).

Table 24.The Average of the Absolute Differences for Ascending andd&elng
Tactile Short Range Sequences for Male Subjects

Left SD Right SD
Musician 183.33 80.53 230.560 74.51
Non-mus. 153.75 54.02 175.00 71.44

A three way ANOVA for absolute differences with repeateshgures on two
factors for (Group x Side x Ascending/Descending) showed that wees significant
difference between musicians and non-musicians [F(1, 68) =p}=29,05]. The
absolute differences for non-musicians were smaller thaondéor musicians. It
also showed that there was a significant difference fondsug and descending
sequences [F(1, 68) = 10.33, p < 0.05]. The absolute diffefendescending order
was smaller than the one for ascending order. There gaiicant difference

between sides [F(1, 68) = 4.29, p = 0.05]. No interactias fwund between the
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groups, hands and ascending / descending order (for group x sidégf€10.21, p
= 0.64], for group x ascending/descending [F(1, 68) = 0.44, p = 6dBGjide X
ascending/descending [F(1, 68) = 0.32, p = 0.56], for group x side x

ascending/descending [F(1, 68) = 0.06, p = 0.79]).

Analyses of Percentage of Errors

Fig. 25 and Table 25 below show the percentages of errorfi¢faverage of
differences) for female musicians and non-musicians in thecayditodality. The
percentages of errors were calculated according to the farparizentage of error =

((subject’s response time — standard stimulus time) / stastiardlus time) * 100.

63



Fig. 25 Percentage of errors for auditory modality for fensabjects.

Table 25.Percentage of Errors for Auditory Modality for Female Subjects

Left. Right Both

Musician

Short range| %29.01 %25.65 %28.11

Long range| %18.21 %18.53 %19.53
Non-mus.
Short range| %37.37 %36.85 %33.5

Long range | %25.62 %32.10 %32.11

A three way ANOVA for percentages of errors with repeatedsures on
two factors (Group x Side x Range) for females in the ayditmdality indicated a
significant difference between short and long ranges [F(1, 12192; p < 0.01].

There was less error in the long range. It also showed isgmifdifference between
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musicians and non-musicians [F(1, 111) = 16.90, p < 0.001]. Musttéhkess
error than non-musicians. There were no significant differelnetgeen sides [F(2,
111) = 0.01, p = 0.89]. There were no significant interacti@t&een groups, sides
and ranges (for group x side [F(2, 111) = 0.02, p = 0.86], for groapge [F(1,
111) = 0.51, p = 0.47], for side x range [F(2, 111) = 1.280@6], for group x side
x range [F(2, 111) = 0.40, p = 0.52]).

Fig. 26 and Table 26 below show the percentage of errors (favdrage of

differences) for female musicians and non-musicians in thiéetatodality.
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Fig. 26 Percentage of errors for tactile modality fondée subjects.

Table 26.Percentage of Errors for Tactile Modality for Female Subjec

Left. Right

Musician

Short range| %42.18 %46.07

Long range | %21.33 %24.10

Non-mus.

Short range| %44.77 %40.91

Long range | %30.03 %31.78

A three way ANOVA for percentages of errors with repeatedsures on
two factors (Group x Side x Range) indicated a significafemdifice between short
and long ranges [F(1, 66) = 23.07, p < 0.001]. There was lessrethe long range.
It showed no significant difference between musicians and noiciams [F(1, 66) =

2.86, p = 0.1]. There were no significant differences betwsides [F(1, 66) = 0.13,
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p = 0.71]. There were no significant interactions between greiges and ranges
(for group x side [F(1, 66) = 0.91, p = 0.34], for group X rdde, 66) = 4.16, p =
0.54], for side x range [F(1, 66) = 0.03, p = 0.85], for grosjm® x range [F(1, 66)
=0.08, p=0.77)).

Fig. 27 and Table 27 below show the percentage of errors (favdrage of

differences) for male musicians and non-musicians in the ayditodality.
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Fig. 27 Percentage of errors for auditory modality for realgects.

Table 27 Percentage of Errors for Auditory Modality for Male Subjects

Left. Right Both

Musician

Short range| %22.78 %24.01 %23.7

Long range| %17.96 %15.10 %17.45
Non-mus.
Short range| %26.50 %31.0 %31.25
Long range | %25.20 %29.17 %23.75

A three way ANOVA for percentages of errors with repeatedsures on
two factors (Group x Side x Range) indicated a significdferdince between short

and long ranges [F(1, 101) = 5.50, p < 0.05]. There was lessiethe long range.
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It also showed significant difference between musicians andmusncians [F(1,
101) = 12.34, p < 0.001]. Musicians made less error than norciansi There were
no significant differences between sides [F(2, 101) = (2 ¥40.69]. There were no
significant interactions between groups, sides and ranges¢igp g side [F(2, 101)
= 0.06, p = 0.80], for group x range [F(1, 101) = 0.57, p = Ofdbkide x range
[F(2, 101) = 0.53, p = 0.47], for group x side x range [F(2, ¥00P3, p = 0.62]).
Fig 28 and Table 28 below show the percentage of errors @vigrage of

differences) for male musicians and non-musicians in thietacbdality.
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Fig. 28 Percentage of errors for tactile modality fotersabjects.

Table 28 Percentage of Errors for Tactile Modality for Male Subjects

Left. Right

Musician

Short range| %36.66 %45.00

Long range | %24.76 %19.14

Non-mus.

Short range| %30.75 %35.00

Long range| %33.33 %29.58

A three way ANOVA for percentages of errors with repeatedsures on
two factors (Group x Side x Range) indicated a significdferdince between short
and long ranges [F(1, 66) = 12.67, p < 0.001]. There was lesdrethe long range.

It showed no significant difference between musicians and norcians [F(1, 66) =
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0.02, p = 0.88]. There were no significant differences betwsides [F(1, 66) = 0.30,
p = 0.58]. There were no significant interactions between grsiges and ranges
(for group x side [F(1, 66) = 0.22, p = 0.63], for group x rag&, 66) = 0.76, p =
0.27], for side x range [F(1, 66) = 0.28, p = 0.74], for grospe x range [F(1, 66)

=0.22, p = 0.63)).
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CHAPTER 4

DISCUSSION

The findings in the previous chapter were mainly investigatethe basis of
quantitative perspectives: absolute time estimations and absliffierences. The
first one, the absolute time was the measure by which thecsubpught a pair of
stimuli were equal, e.g. if the absolute time was dtag2600 msec in the short time
range condition for descending order, it meant that subjectagstinthat a signal
which lasted 600 msec was equal to the standard signaldiuzily lasted 500 msec
(the standard stimulus for the short range condition). Theweassimilar for the
ascending order, e.g. for short range, the absolute value ofi§& meant that the
subject thought that two signals which had durations of 500 msedésd stimulus)
and 350 msec respectively were of equal duration. On thelwdhd, the absolute
differences were used to assess how close to the statidautlis the subject’s
estimate was, e.g. for the examples above the absolwtesdite for 600 msec was
100 msec (|600 — 500| = 100) and the absolute difference for 350 msésOnasec
(1350 — 500| = 150). Even though analyses of variance were caldoladdsolute
time estimations, this discussion is mainly based on thelate differences’
analyses of variance because they provide a better vg®e thow much error the
subjects made compared to standard stimulus and thus providinglarsand easier

to understand measure.
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Gender Differences

The results indicate significant gender differences in allesad time
estimation except in the long range tactile condition. Malgests were better at
estimating the time in long range auditory, short range auditoayshort range
tactile conditions.

Even though the evidence is not conclusive, there are studies suggest
that men have larger corpus callosum compared to women (BisNéahfsten,
1997; Sullivan, et al., 2001). This may be one of the reasonsnale/subjects in the
present study were generally better than female subjecttinma¢ing time. A larger
corpus callosum may lead to better and faster signal trasismifrom one side of
the body to the contralateral hemisphere of the brain, thuster bébrmation
processing for time estimation. However, it also must bedrtbt there is still
dispute whether the corpus callosum creates inhibitory or exgitaffects on the
contralateral hemisphere (Bloom & Hynd, 2005). Another important pothat
even though males are believed to have larger corpus callostent findings
suggest that this may not be the case (Jancke & Steir20€13).

In addition, a meta-analytic review in which data fromd4, female and
4,688 male subjects were examined shows that there is saaiebst significant
difference between genders in terms of prospective timmatsdin when subjects are
previously informed in advance that they would be making durataments
(Block, Hancock & Zakay, 2000). Prospective time estimatias used in this
study, too. This meant that subjects were informed thatweeg about to make time
estimation judgments before the experiment started (whichcisnitmast with the
retrospective time estimation paradigm in which subjeetsisked to make time

judgments after they finish the experiment; they do not knowthsgtwill be asked
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to estimate time beforehand). The current findings support theustos of the

meta-analytic review by Block, et al (2000).

Effects of Music Training on Laterality

Comparisons of performances by musicians and non-musicians show
significant differences between these groups (for both genddmnfpdurations) in
both modalities such that musicians have better time @gtimtian non-musicians.
Regarding hemispheric differences, there are no signifaiiatences except for
long range tactile condition for male subjects. Male musiciatise tactile long
range condition have better performances when the tatitilelgs was applied to
their right hands (left hemisphere). Male non-musicianstese better
performances with right hand stimulation (left hemisphere).

On the other hand, except for the long range tactile conditiosigndicant
difference was found in terms of laterality for auditory otikadong duration
estimation. Another point is that for short auditory duration edton, there is a
significant difference between musicians and non-musicians (kathand female
subjects); musicians are better than non-musicians again wahypuaterality
difference; however for short tactile durations no such differevas found between
female musicians and female non-musicians, suggesting tydtdhe
approximately similar performance profiles for short tactieations. On the other
hand, male musicians were less accurate than male nonianssit the short tactile
range.

Part of this result is compatible with the finding that ssansory interval

discriminations generalize across hemispheres (Nagaetjah, 1998). However,
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there is evidence for left hemispheric advantage for tempawaéssing of brief
tactile stimuli in which vibrations in the range of 120 maece used with brief gaps
lasting 6 to 18 msec (Nicholls & Whelan, 1998). This alsoresig with the study
which suggests that mainly right hemispheric activationusd for time interval
discrimination around one second (Smith, et al., 2003). Under thesimstances,
the findings of the current study suggest it is difficultltoro that there is central

clock localized strictly either in the left or the rigiemisphere of the brain.

Effects of Music Training on Time Estimation

Comparisons of performances by musicians and non-musicians shovucaignif
differences between these groups (for both genders for long duratidowth
modalities such that musicians have better time estmé#tian non-musicians.
Another conclusion that may be drawn is that even though thedoalkcand
anatomical changes in the musicians’ brains are preswnredrelated to musical
tones and not to non-musical pure sinusoidal tones (Pantev et al., iP888)be
seen from the results that musicians had more accurdtemance for “non-
musical” auditory duration estimation in the form of pure sinus@idditory signals.
The present findings suggest that the implicit time traioingusicians generalize to
different time ranges and even for non-musical auditory stifduigicians also
generalize to long tactile durations, showing better performzmopared to non-
musicians, but this is not the case for short tactile durafidns finding shows
modality-specific time estimation (Grondin, 2003; Klapproth, 2003t for the
short range. The reason that the musicians’ performancexctibe short duration

estimation were worse than their tactile long duration eibmanay be related to
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the cognitive versus sensory timing distinction put forward by Rsaer (2003).
He states that time processing in the range of millisecsné$ated to sensory
(biological) timing mechanisms, whereas processing in thgeraf seconds is
mediated by cognitive mechanisms. This means that musicaey®erelying on
cognitive strategies such as counting and using working mentochvs a possible
strategy for estimating time ranges longer than 1 secamth&other hand,
neuropharmacological experiments by Rammsayer suggest thatstimeation of
brief intervals in the milliseconds range is beyond cognitive obatrd seems to be
modulated mainly by dopamine activity in the basal gandlthat is the case, then
the performance difference between short auditory and tdatiégion estimations
may suggest that musicians are able to transfer theiitoagtime estimation skills
for long range auditory time estimation to the short range ayditoe estimation,
but they are not able to do so for the tactile condition in wiiiels had no training
(implicit time training in the context of musical trainirgbased on auditory, not
tactile processing).

Musicians’ brains undergo functional and anatomical changes besfause
extensive specialized training (such as enlarged left plaemporale; Ho, Cheung,
& Chan, 2003), and this may lead to differences between aygéoception and
somatosensory perception resulting in the findings mentioned &tosteort
auditory and tactile duration estimation. Another example of aneabdifference
between musicians and non-musicians is that there arehdatang that the anterior
half of corpus callosum is significantly larger in musiciaospared to non-
musicians (Schlaug, 2003). Similar to the performance diffedeetvecen genders,
bigger size of corpus callosum in the brains of musiciansategunt for better time

estimation.
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Analyses of Percentage of Errors

Percentage of error analyses also reveal important pdiotg the
performance of subjects regarding length of time ranges. $dbiects have better
estimation of time than female subjects. Both gendekeramaller errors in the long
range auditory condition. As for the tactile range, the stinas similar; the error
made for long range tactile time estimation is smallen tha short range tactile time
estimation. Even though it is not possible to create a mouhg] just two data points
(short range mean percentage of error and long range ressmfage of error),
there is a clear trend which shows that it is easier torddstimations in the long
range. The error analyses are also compatible with theopseanalyses stated
above, since they also show that male subjects maderless @mpared to female
subjects and musicians have better time estimation comfmanesh-musicians.

The reason for the difference between long and short rangés catated to
the cognitive time estimation skills which were mentioneth@previous section. In
the light of distinction put forward by Rammsayer, the subjewy be relying on
cognitive strategies to make temporal estimations in thensis range which is not
automatic unlike the automatic time estimation made forahges around the 500
msec range. If this is true, then the present studies dufgesognitive time

estimations of temporal durations are more accurate than gessionations.

Conclusion

The main idea of this thesis was to investigate aspétitsie estimation
mechanisms and assess how an extensive specialized tsainlngs music training

that requires implicit timing performance would affect tigof different durations
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for different modalities and hemispheres. The present stadybased implicitly on
the assumption that there is no single clock in the toaadized to a specific region
but rather a distributed timing system emerges from theaictien of neural cell
assemblies. The data presented above support this idea beceeiseemo
significant differences between the hemispheres for diffeterations and
modalities. Another idea was that musical training would gezerabtiross different
modalities. The data support the idea that musicians veédageneralize to
different modalities for the long durations but not for the short duratibes short
tactile duration estimations were not significantly differeatrf non-musicians.

To summarize the data and the results, it can betsa#tidhie first hypothesis
which proposed that musicians would perform better in temporalrdigation tasks
that are in the sub-second range compared to non-musicianastialypsupported;
musicians were better than non-musicians for short auditory stimeagions.
However, musicians were not better than non-musicians shibr range tactile
time estimation. The results also supported the second hyogaesally which
stated that musicians would be able to generalize the tehgimzamination task to
different modalities. Data showed that musicians werelatier for long range
tactile time estimation, however there was no signiticifference for short tactile
durations. Finally, the third hypothesis which stated that musi@ad non-
musicians would have similar performance levels for tentplisarimination tasks
in the long range was not supported because significant diffeneascéound
between musicians and non-musicians for the long range time#eh, musicians
were better in the long range time estimation tasks.

For further study, it may be suitable to take a more vigorppsoach to the

problem of time estimation mechanisms in the brain by usiniglerwange of
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temporal stimuli, and population of subjects. For exampladdition to musicians,
subjects who necessarily use time estimation regularli, &siin some professional
sports, can be compared with people who are not professiona play@rs. The
methods of the experiments can be more detailed by includingediffstandard
stimuli such as 1 second, 5 second, or more. In additior&suning the response of
subjects behaviorally more sophisticated measurement techsigtieas EEG,

fMRI and PET can be used. Besides, different modalities as visual modality can
be used in experimental design so that different modaliie$e contrasted in terms

of time estimation.
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