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ABSTRACT

Musical timbre, an attribute,of musical tone, is seldom
considered to play :ﬁ important part in pitch identification.
College/university music students routiﬁely are given ear
training, i.e., are taught to identify intervals and chords from
digtation, as part of their regulak harmony or theory classes. ,

For this exploratory study five hypotheses were formulated,
stating that ability to identify melodic intervals during music
dictation is not affected by differences in timbre, the use of
familiar or unfamiliar timbres (MAJOR{, formal ear training
experience (FETE), or playing/performing experience on " an
instrument (PPEM), and that there is'no {&ghificant interaction

between PPEM and FETE. ) | e

Melodic intervals were pres ﬁted in random order _by six
instruments: clarinet, trumpet, piano, violih, xylophone, and
synthesizer (sine waveform). Each. instrument played twelve
randomly assorteé melodic intervals, based on C4 and not
exceeding one octave. )

Theiindépenaent variablestwere MAJOR instrument, FETE, and

PPEM. The dependent measures were the scores achieved on an
-~ aﬁthor-v;itten melodic interval dictation test closely

resembligg the "typical™ ear training quiz used in many

college/ﬂniversity music theory classes. A multivariate analysis

of variance (MANOVA) was used for an analysis of PPEM (three

* . 5
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_levels) compared with FETE (three levels). A second MANOVA
analysis was used for MAJOR. Appropriate Schefﬁé post hoc
an’lyses were carried out. !

- It was found that the amoung of playing/performing
experience af{ected subjects' scores on‘the dependent variables,
but only for those subjects with more than ten years of PPEM.
The amount of formal ear training experience also significantly
affecped subjects' scores, but there was no clear pattern
discernible. Both PPEM and FETE interacted with the dependent
_variables to produce pairwise differences at various levels of
each - independent variable. No significant interaction between
PPEM and FETE was found. There were statistically significant
differences among the various levels of the declared MAJOR
instruments, but no clear pattern was found. It was concluded
that FETE, PPEM, and MAJOR all affected subjecté' scores on

“intervals presented with different timbres.
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~

’ - DESCRIPTION OF THE STUDY AREA

Ihtrgouction to the Prob;em
Ear training has long been a part of traditional college
musxc theory 1nstructxon. In 1942 Hindemith déeclared that -the
1nterval is ". .. . the basic un1t of musical’ 1nstruct1on "' In

1949, he commented.that . ' S S

~

o The ability to follow musical dictation |is not:

) . .necessarily. an index of .the degree or qualxty of
musical talent. . . .

‘ On’ the other hand it cannot be deriied that the
complete absence -of such ability is at, least an- .
.unfavorable indication of the state of a musician's -
'knovledge. - It is ‘therefore necessary to develop

%

- : ‘ it--whatever its amount or quality may be--to the.
\ X . , utmost., Just as ' all other parts of his gift must be
Uy - developed.? . . g )

Some instxtut;ons include ear training in the music theory

classes; others, howd’er, teach these skxlls in separate classes

v

on an lgtens1ve basis.? Ear tra1n1ng 'skills. are often d1y1ded"
. % . ) ) . |H - -

A

{ *+ ' Paul Hindemith, The Craft of Musical Comgosxtxon, trans.’
.- Arthur Mendel (New York: Associated Music »ublishers, - 1942),
Book I, p. 57. . . . . .

.2 Paul Hindemith, Elementar .Training for'Musicians, 2nd
ed. (New York: Associated-Mus1c PuinsEersw:1§4§5, P. 181, ‘

'

L]

1

. . 3 For example, Berklee College of Music, Boston, Mass.;
Northeastern University, Boston, Mass.; and Julliard School of
Music, New York. : . -

L 4 Y, . . “ ’ ° ‘\ . ’~
« 13, » o .

: f
’
v M ' / . 1, ,

4
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into two distinct aspects: visual (actiQe), i. e. sight-singing
frqﬁ a w}ittgn btimulué,;and.auditor§ (passive),’i. e. attgqhiﬁg
a label or designaéot‘tb a hea;d"stimulus.?,vnuring the early
stages offfpéssive“ training, students are rﬁquireq'to listen to
auditory }timﬁli .and attach ‘apprépriate labels,  e.g. minor

‘ triad, peﬁiect fitth. In more advanced classes, étudéntS“may be
required to attach several Iabels involvfng musical notation of
pitch, rhythm, and/or duration. Mate;ial ‘may be presenkéd
melodically ascenﬁing, melodically descending, harmonically, or

L, by a combination of these methods.®

At many institutions, ear training iréﬁitiqnally has meant
listening to and singing with_the piano as ; means to logrning
'ideniuficatipn of melodic and harmonic _interéals. Gepharét,

however, observed that:. . ' )

Nonpianist students often verbalize their Belief '
that their dictation abilities might improve if the
musical material were presented in a more familiar °
timbre--that of the ingstrument on , which they
themselves -perform. In-the course of presenting heard

material, students .are ofteh observed "fingering,” on
a make-bekieve instrument, the notes of an interval or

I +

4 .

‘ . ' ’ -

* paul .J. Vander Gheynst, "The Effect of Timbre on
Auditory-Visual Diserimination”,(Ed. D. dissertation, University
of 1Illinois, 1978); Donald L. Gephardt,. ‘"The Effects of
Different Familiar and Umfamiliar Mysical Pimbres on Musical
Melodic Dictation® (Ed.D. dissertation, Washington University,
Missouri, 1978). - Lo -

' A melodic ifnterval is one. in which the notes are played
dOnsecutivelg: anp harmonic interval is one, ifi which the notes
are played s1mu{§aneously.

t

. J
“ ' ‘e
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melodic ~ ~passage that they ' .are asked . to
identify. .- . . One can speculate that perhaps the
.student is trying to get the "feel” kinesthetically of
performing the pitches that he/she is hearing.® .

|
i

Another factor which may'.be operating ie that of the

£

student's experience of timbre changes within the range of a
paart-icular .instrunient. The clarinet, fof exampled has a
particulafly characteristic change of 'timbre in the throat
registér. A clarinetist may possibly be more sensitive to such
timﬁ;e differeﬁces than are other musicians, Beyer found that
performers’ are more sSensitive'to pitch variations produ;ed by
their aown «instruments, and has theorized that these subjects
might be able to use timbre as a guide to pitch and interval
"identification.’ .

Many_textbooks on ear training ignore the effect of 'timbre

@
with statements such as:

Any me)ody possesses \:k least three basic
characteristics: . . . time, . . . pitch, . . . [and]
timbre. Since is third aracteristic of melody
varies with the instrupént on which a melody is
performed, we shall ignore it and concern ourselves
exclusively with TQythm and pitch.?

-

in the opinion of t author, and of many other music

educators, insufficient attention has been paid to the effects

of timbre on the perception of pitch.

5

¢ Gephardi, p. 6.

7 George Heydrick Beyér, "Phe Determination of Pitch
Discrimination in High School Students with Musical Training”
(M.A. thesis, California State University,,1977).

\ * william E. Thomson and Richard P. Délone, Introduction to
Ear Training (California: Wadsworth Publishing, 1968), p.1.

| Y
Cr

—
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As recently as 1978, Gephardt stated that:

Although some current music educators, such as
Spohn and Trythall, discount the importance of the
connection between timbre and pitch perception, other
psychophysicists and musicians have pointed out that .
there may be an important relation between the ‘
attributes.? . ’

Gephardt's statement reinforces the opinion of Roederer: | -
Whereas considerable research has been done 'on
the :perception of pitch and 1loudness of pure

tones. . . much remains to be done in thé study of the :
perception of quality or timbre of complex tqnes.‘°

- -

The Problem

° A‘ .'o'
In this study, the main area of interest was the effect of

instrumental . timbre upon students' ability . to perceive and

describe melg‘fg intervals.
This stu;i\:?‘emptéd to explore possible answers to the

4 - -

following questions:

1) Do diffe}eoces in timbre affect students’' ability .
to identify melodic’intervals during dictation?

’ 2) Does -the -length of time that students have been
training to identify melodic intervals have a
relationship with a possible effect of

s _ familiarity of timbre, as measured by ability to
_identify melodic intervals? e

. 3) Dqes the léngth.of\iiﬁe that students have been
playing..their, detlared major ‘instrument haye
relationsiip. with © a possible effect ot

] . A ,‘ .A ! 4
' Gephardt,-p.86.

! ' Juan | G. Roederer, Introdpction to the Physics and

'Pszchoghxsics'of Music (London: The English Universities Press,
1 73 ] po 1 .

’
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familiarity of timbre, as measured by ability to
identify melodic intervals?'® '

4) Does the use of familiar or unfamiliar- timbre
sources affect students' ability to - identify
melodic intervals?

. Definition of Terms

Ear t;ainigg. For the purposes of this study, the 4

defimition of ear training used by Shaw is accepted:

o ... . that branch of musical education which attempts
ﬁ%q,develop a positive awareness in the mind of the
various phenomena which constitute the mere material
of music, the chief of which are time and rhythmic
relationships; pitch relationships, whether
simultaneous . -or in  succession; tonality and
modulation. It is concerned with the mind rather than
the fingers, and with terminology and the symbols of
notation only so far as these relate to mental
conceptions of musical sound.'?

Formal Ear Training Experience (FETE). For the purposes of

this study, FETE is defined as the number of months a subject
has . spent @nrolied iﬁ a university level theory/harmony course.
‘It was assuéed that, at the institutions being used for this
study, an average amount of ear training is done during roq}i%e

classroom instruction.

-

. Music dictation. For the purposes of this study, the

'' I this study, the term "instrument” includes the voice.

'2  Grove's Dictionary of Music and Musicians, Sth ed.

S (19547, s.v.'“Ear-traIning," by Harold Watkins Shaw.
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definition of music dictation used by Gephardt and others is

¥

accepted: I

.. .. music dictation is [a task] which requires the
subject to reproduce, in exact musical notation using .
the commonly acczbted symbols which designate musical »
pitch, . . . the heard musical material which 1is

presented to the. subject. . . . The term dictation ‘
refers to its common denotation by music theory '

instructors.'?

Frequency. The physical property, trequenéy, is defined by

Seashore and others as cycles per second/(cps)'aﬂd is perceived

‘as pitch.'* * l.

Pitch. A musicaf*eitch is defined for ﬁtrposes of this
. study as being anyiof/the frequencies normally used in the equal
tempered Scale using a standard tﬁning reference of A = 440 Hz.

Pitches used in this study cover a one octave range from ,C4 to~
. . ) “

1S

l' -
Pure Tone. For purposes of this study, 2 zpure tone is

e -

e

considered to be a tone that has no harmonics pre%ent.

-

¥ .
Complex Tone. For purposes of this study, a complex tone is

considered to be one that is proéuced by a sinusoidal wave, and

&

'3 Gephardt, p. 18. ‘ B

's After Carl E. Seashore, The Psychology of Musical Talent
(Boston: Silver Burdett, 1919).

'S The pitch notation used in this study is that adopted by
the American Standards Association in 1960, as altered and used
by The Instrumentalist and other jourhals. In this notation, CO
is 16.352 Hz, and 1s located four octaves’ below piano "middle
C", designated as C4. .

-
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has several partifls or harmonics forming an integral part of
the sound.

Paréial. Fér purposes of this study, a partial is
considered so be one‘ of the frequencies, other than the
fundamental, present in a tone.'A partial may or may not have a
whole-number relationéhip to the fundamental; i.e. it may or may
.not be a multiple of the fundamental.'® ) N

Harmonics. For the purposes of this study, the definition j:>
used by Backus will be used: |

.+ . . the constituent partials must be related in a
_very' simple way; their frequencies must be integral
multiples . . . timés the fundamental frequency of the

vibration. . . . Partials related in this simple wa
are given a special name: they are called harmonics.'

Hertz (Hz). The term "Hertz" |is an internationally used

‘term meaning cycles\per second, and is Efed as a measu;e'of the

frequency of a sound.
J

Cent. The term "cent" is a measuge of pitch wused for
alterations of less than a semitone. There are 100 cents in each

semitone.

Decibel (d8). A decibel is a measure of sound preéssure

level (SPL), and is calculated with the following formula:

¢ aAfter Arthur Benade, -Fundamentals of Musical Acoustics
(New York: Oxford University Press, 1376), p. 63.

'7  John Backus, The Acoustical Foundations of Music (New

York: W, W. Norton, 1969), pp. 108-109.
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L = 10 Log I/lo (Equation 1)
‘where lo is the thresholdgof human hearing, ’
P, .1 is the sound i sity, and

L is the intensj level, measured in decibels (dB).'?

.. . the intensi®y level is a purely physical
quantity. . . ‘n practice, direct measurement of the
intensity of sound wave is difficult. It is much
. easier to obtain the pressure amplitude of the
‘' sound. . . . The intensity of a sound wave progressing
in one direction is proportional to the square of the
sound pressure,'?

Backus goes on to demonstrate that, from Equation 1:
Lp = 20 Log P/Po

where Lp is the sound pressure level, and
P is the Root Mean Sguare (RMS) sound pressure,

The reference pressure Po is the RMS sound pressure
corresponding to the threshold intensity and has the
value 2 X 10°* Newtons/M?.2°

0 8B is, therefore, the threshold of human hearing.

dBA. Sound level meters typically have three scales: A, B,

and C. Each pf these scales is designed to reduce the sound

pressure reading at cpftain frequencies, in order to reflect
more accurately the responée of the human ear. This study used

the A weig%ted scale because: -

(./

*' Ibid., p. 92.

' 1bid., p. 93-94.
20 1pid, ' ' -
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. . . with [the A weighting] inserted, the meter is
less sensitive to low freguencies. . . . This
designation [dBA) is seen frequently in sound level
measurements, Since it has been found that readings
with . . . [A weighting] correspond well to the
subjective ‘impression of the listener to the sound
presented.?’ -

Timbre. "Timbre" is a term with a number of definitions.

The definition given in American Standard Acoustical Terminology

is

Timbre (Musical Quality). Timbre is that
attribute of auditory sensation in terms of which a
listener can judge that two sounds similarly presented
and having the same loudness and pitch are (dissimilar.

Note: Timbre depends primarily upon the spectrum
of the stimulus, but it also depends upon the wave
form, the sound pressure, and the frequency location
of the spectrum of the stimulus.??

For the purposes.-of this study, the term "timbre"

~ refer to:

o+

#*

. . . the diff¥rences perceived by observers in the

tones.produced by various conventional and electronic

musical instruments of the same pitch and lqudness.??
. N

will

¥ .
Characteristic Timbre. Characteristic timbre is defined for

purposes oéﬂ?thig{study as being that timbre which professional

musicians and m&?iclieachers can agree upon as being. a "good

tone" for a pugkicular instrument.

21 1bid., pp. 97-98.

22 american Standards Association, American Standard

Acoustical Terminologz (New York: American Standards
Association, Inc., 1951), p. 25.

~}§§7’ Gephardt, p. 16.
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 Familiar timbre. A familiar timbre is defined for purposes

of this study 4s a timbre produced by an instrument which is the
same as the subject's declared major instrument. The exact
amount of familiarity is described by the measure of PPEM which

was gathered in the preliminary questionnair;,

Statistical Hypotheses
There were five hypotheses arising from the general
research question:?*

Hypothesis I:

There will be no statistically . significant
interaction between formal ear training
experience (FETE) and playing/performing
experience (PPEM) as measured by scores attained
on an author-produced test of melodic interval
identification.

Hypothesis II:

There will be no statistically significant
difference in the mean ability of subjects to
identify certain melodic intervals, as measured .
by scores attained on an author-produced test of
melodic interval identification, regardless of

the amount of PPEM each has had. :

Hypothesis III:

There will be no statistically significant
difference in the mean ability of subjects to
identify certain melodic intervals, as measured
by scores attained on an author-produced test of
melodic interval identification, regardless aof
the amount of FETE each h4§ had. ‘

28 The .05 level of statistical significance was used in
this exploratory study.

£
&o
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Hypothesis 1V:

There will be no statistically significant
difference in the mean ability of subjects to
identify certain melodic intervals presented
using different timbres, as measured by scores
attained on an author-produced test of melodic
interval identification.

Hypothesis .V:

o

There will be no  statistically significant
difference in the mean abjlity of subjects to
identify certain melodic intervals presented
using timbres that differ in familiarity, as
measured by scores attained on an author produced
test of melodic interval identification.

Assumptions, Scope, anggLimitations
. _‘* ~

This study was déne with students enrolled either in junior
college or in university who had completed or who were then
taking at least one first year theory/harmony course. It was

assumed that the subjects involved, as a result of the

population definition, were familiar with the conventions of

musical notation and procedures commonly used in melodic

dictation. It was not assumed that the population under

investigation was representative of all music students, since it

is possible that students from other institutions might be
significantly different from the selected population in terms of
musical ability, aptitude, training, etc. No attempt was made to
deal with intervals, instruments or timbres other than those

specified.
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Chapter 2

REVIEW OF THE LITER?TURE
There appears to be a relatively large body of work
discussing the attributes of pitch,'loudness,“and duration, but
relatively little published or unpublished material
‘investigating the effect of timbre upon pitch perception.
Seashore examined timbre only briefly, claiming that:

The hearing of timbre. . . gives no new attribute
of sound; a tone of a given timbre is merely a complex
of a given number of pitches in their respective
intensities, usually blending into the experience of a
single tone.'

Farnsworth seemed to disagree with Seashore, saying that:

. . . it is unfortunate that authorities write at
times as though a perfect fifth, a minor chord, or a
melody will have identical characteristics whether
sung or played on a marimba, a harmonica, 2a tuba, or
an old Cremona violin, They are neglecting the
differences in timbre,?

' Carl E. Seashore, The Psychology of Musical Talent
(Boston: Silver Burdett, 1919), pp. 1 . ~

. 4 .
2 paul R. Farnsworth, The Social Psychology of Music (New
York: The Dryden Press, 1958, p. 56.




13 //wa

In51919, Carl Seashore stated that:

. . . Pure tones are rarely used in music, partly
because they cannot be produced by the voice or the
ordinary musical instruments, and partly because they
are thin, and lack richness and flexibility.? /

¢

. More recently, Backus wrote that:

. .. In our everyday experience, pure tones are very
seldom heard, even in music. With the exception of the
tuning fork, most sound sources, including musical
instruments, produce complex s that are mixtures
of simple' .tones of various \ amplitudes and
frequencies.' /

Zeitlin found that aqpng’\his test bjects there was
sign&fiéantly better pitch discrimination for complex tones thaq
for pure tones, in the frequency range from 190 Hz to 6000.Hz
(approximately G2 to G7).%® The research of Henning and Grosberg
confirmed these results, sdggesting that greater exposure to
complex tones might facilitate learning;

. . . complex tones . . . [presumably] evoke a Dbetter

response on the basilar membrane from which more
comprehensive frequency information can be obtained.®

) Seashore, pp. 128-129,

s .John Backus, The Acoustical Foundations of Music - (New
York: W. W, Norton, 19655( pp. 107-108. *

$ L. R. Zeitlin, "Frequency Discrimination of Pure and
Complex Tones,” Journal of the Acoustical Society of America,
36(1964)' ppo 1207-12190 "

¢ G..B. Henning and S. L. Grosberg, "Effects of Harmonic
Components of Frequency Discrimination,”™ Jdurnal of the

Acoustical Society of America, 44(1968), pp. 1386-1 .
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Stevens commented that:

The dpitch of a sound of given frequency depends
to some extent on-its intensity. If the loudness of a
pure tone is. increased,. a change in pitch may
occur. . . . A number of studies have been made of
this effect; but with rather 1little agreement amoqg
them. . . . ' .

Cohen found rather less ‘é?iect, as did@ Verschure and von
Meerten.® Snow concluded that:
\\<§: The effect apparently exists only for pure tones; -
i ‘

it seems generally agreed that complex tones show no
hange in pitch with intensity.? :

Chapin and Firestone experimented with dhifting the phase

of a lower hatmonic of 4 108 Hz tone (at 104 dB), with somewhat

imconclusive results,'® while Fletcher claimed that:

Jan o9
2 W
n

7 §. S. Stevens, "The Relatiop of Pitch to Intensity,”
Journal of the Acoustical Society of America, 6(1935), p. 153.

* A. Cohen, T"Furtier Investigations of the Effects of
Intensity upon the Pitch of Pure Tones," Journal of the

Acoustical Society of America, 33(1961), pp. 1363-1376; J.
Verschure and A. A. von Meerten, "The Effect of Intensity ' on

Pitch," Acoustica, 32(1975), pp. 33-44.

’ -W. B. Snow, "Change of Pitzkv with Loudness at Low
Ictes,” Journal of the Acoustical Society of America,
8 Y, pp. 18-19;  see also D. Lewl and M. Cowan, '"The

Influence of Intensity on the Pitch of #olin and Cello Tones,”

Journal of the Acoustical Society of America, 8(1936), PP.
50-22; and E. Terhardt, "The Inffuence of Intensity on the Pitch

of Complex Tones," Acoustica, 33(1975), pp. 344-48.

10 E. K. Chapin and F. A. Firestone, "The Influence of
Phase on Tone Quality and Loudness; The Interference of

Subjective Harmonics,"” Journal of the Acoustical Society of
America, 5(1934), pp. 173-180.
‘ -

b
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The fact.that considerable tlimbre distortions in

amplifiers and electroacoustic transducers could be
tolerated without any noticeable effect on the qualit

R of reproduced music and speech,&gupported the [ then
: _ generally accepted opinion that ear had a limited
.~ gerisitivity in the discrimination, of timbre under.
. varying phase conditions.''

Plomp's work in part con}irmed this finding, concluding that for
the usual musical' instruments:

’ . . . harmonics beyond about the seventh cannot be :
heard out.'? -

This finding has interesting implications regarding the minimum
frequency range requirements of audio equipment; for a given
tone with a fundamental freguency of, ‘for example, 520 Hz,

~ . t
harmonics above a frequency of about 5500 Hz (the seventh

partial) may be of little or no importance.

\ . i
C. A. Taylor states that there are three major factors

<

contributing to differences in tone quality:

% 1) Simultanebus vibration in several modes of
. resonance; 2) amplification systems with resulting

transient effects; and 3) transients caused ’
.specifically by the method of initiation of the
sound.'? R . . g

¢

+
4

"' Harvey Fletcher, "Loudness, Pitch(Jand the Timbré of
Musical Tones, and Their Relation to the Intensity, the
Frequency and the Overtone Structure,” Journal of the Acoustical

Society of America, 6(1934), pp. 59-69.

L 4

° [‘.
'2 R, Plomp,/"Pitch, Timbre, and He;Ling\ Theory, " ~
International Audiology, 7(1967), pp. 322-344.

’ '3 C, A. Taylor, The Physics of Musical Sound +(New York:
American Elsevier Publishing, 1965), p. 106.
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Taylor cites two other areas as having some additional effec
i } - - - i )
¢ upon tone quality: gfb formants of a. tone, and the terminal

y transient effect.'*

°

ward does not appear to consider that the term "timbre” is
used correctly, saying that:
o __ Tim , which 1is a- function of the harmonic
cofjent of the -sound . . . is often used as a waste
' . basket category; if two sounds are 'different’' though
© having the same pitch and loudnes$, then. 'they must
differ in timbre.'?

During a conference in Stockholm, Risset declared that:

. Ever since Helmholtz, acoustics textbdoks explain
that timbre--the distinctive quality of a musical
instrument--is associated with harmohic spectra; the
configuration of a spectrum would therefore determine
the: timbre of the ‘instrument. The " research work
carried out by Schaeffer's group (p. Schaeffer,
Traité des objects Musicaux, Seuil, Paris (1966)]
pointed out the total 1inadequacy of such.a simple
conception, as did the studies [of) . . E. Leipp - |
(Bulletins du Groupe d'Acoustique. Musicale . ~
(1963-1970), Acoustics Laboratory of the Faculty of
Science, 9, quai Saint-Bernard, Paris] and . . . M.
Clark [J. M. Clark, Several Problems if Musical
Acpustics, J. Audio Engineering Sty, 7(1953) p. 2].'° .

Although Risset does not go into further 'detail, Backus
get does. A

explains that:

4 1bid., pp. 106=110. ' ) ‘ p

'8 w. Dixon Ward, . "Musical Perception,” in ' Foundations of

ModernbAuditory Theory, ed. Jerry V. Tobias (New York: Academic
ress, ! , Vol. I, p. 409. - .

1 Ibidf{’ﬁp..125-126.,
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For a particular instrument, the structure of a
given single tone will depend on 2 number of factors.
It changes withrloudness. . . . the harmonics in the
sound radiate differently in different directions from
the instrument, due to_ interference and diffraction ;
effects, so that the harmonic structure of a tone will
depend on where it is heard. The spectrum of a tone
© will also depend on how the player produces it. It
will also depend on the characteristics of the room in
which it is played.
An alternative theory suggests that an instrument
. has a certain fixed frequency region or regions in
\ which harmonics of a tone are emphasized, - regardless
,of the frequency of the fundamental. A fixed frequency
region of this kind is called a formant, and it is the
location of these formant regions that characterizes
the instrument. . . ..
. . . there are other aspeéts of tone that are
important in identifying the instrument producing it.
For example, the initial transient . . . is rather
important. . . . THe decay transient can also be
important.'’ .

| The first controlled éxperiments dealing with the auditory
perceptipn of timbre and wave patterns in complex tones were
reported in 1862 by Helmholtz.'® Although some of his findinés
are now in question, he is given credit for beginning the
exploration of the field of timbre. As recen£ly as 1980, qémhson

commented that:
/. - r‘

The least amount of research, and also the most
recent, has focused on the effect timbre has upon
pitch perception and pitch matching ability in a
_musically relevant setting.'’ .

NG

\
/ - v
'7 Backus, pp. 117-118. .

'8 Hermann L. F. Helmholtz, On the Sensations of Tone 2s a
Physiological Basis for. the Theory of Music, trans. and ed.
Alexander J. -EIlis, 2nd ed. (New York: Dover, 1954).

‘ '9 Jameson, p. 11.
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Whybrew, commenting on the ‘timbre test portion of

“~

Seashore's Measures of Musical Talents, said:

Timbre was varied by alte&ing the balance in the
overtone structure of the tones used. The authors
point out . . . that they had certain doubts about the
inclusion of such a measure, due to difficulties
occasioned by phonograph function and room acoustics.
They expressed the belief that reasonably constant
results might be ,ex?ected but that further
investigation was needed.*°

Cuddy's findings tend to support the premise that é subject

{

who studies a particular instrument for a number of 'years
develops a sense of pitch judgement which is better for tones

produced by that instrument than it is for .tones produced for

other instruments. Cuddy found that:

Musically trained subjects who were studying the
piano as a major instrument named piano tones more
accurately than pure tones. In general,o the, accuracy
of pitch jud?ement was related to familiarity with
musical tones.®’

L)

Leonard, examining this premise from a different Qiewpoint,
concluded thaﬁ students who had not studied instruments in depth
would not be affected by the timbre used. He tested the effect

of six factors on the pitch discrimination skill of subjects who

 were non-music majors. The experimental variables were

-

20 W, E. Whybrew, Measurement and Evaluation in Music, 2nd
ed. (lowa: Wm. C. Brown, 1971), pp. 116-1117.

2' Lola Lane Cuddy,:'Practi;e-Effects in Pitch Perception”
(D.M.A. dissertation, University of Toronto, 1965), p. 9.

l

r

-
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intensity, timbre, register content, duration, and interstimulus
time interval. All factors except timbre were found to affect
pitch discrimination.??

In 1970, .Greer tested the effect of timbre on the external
intonation patterns of college age brass-wind music majors. He
used four timbre cenditions, and twelve pitch le;els. It was
found to be significantly more difficult for the brass-;ind
performers to match the pitch produced by a sine wave than to

match the pitch of their own instrument, piano, or a fluteg’stop

‘on an organ.??. A=

!

n a ‘Eséatfd experiment, Hermanson explored the effect of
timbre on young children. Among Kindergarten and Grade Three
students, he found significantly fewer degrees of intonation
error when students matched pitches produced by a woman's qbiqe
than when they matched piéches produ¢§d by other children,‘
piano, or a sine wave.?* . '

Sergeant examined pitch discrimination of subjects exposed

to both square waves and natural state piano tones. He theorized
L 4

22 Nels Leonard, Jr., "The Effect of Certain Intrinsic and
Contei&ual Characteristics of the Tone Stimulus on Pitch
Discrimination” (Ed. D. dissertation, West Virginia University,
1967). . '

|
23 R, Douglas Greer, "The Effect of Timbre on Brass-Wind
Intonation,” in Experimental Research in the Psycholo of
Music, ed. Edwin _Gordon ilaaho: University of lowa Press, 1376),
vol VI. .

28 1. W. Hermanson, "An Investigation of the Effects of
Timbre on Simultaneous Vocal Pitch Acuity of Young Children”
(E4. D. dissertation, Columbia University Teachers' College,
1971).
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that judgement of pitch changes would be better for the square
wave pitches than for the natural state piano tones. Statistical
testing, however, did not substantiate his hypothesis,??

Grey explored musical timbre using a computer, and
suggested that further peréept&al research of timbre should Be
conducted within the different families of instruments, e. g.
. ,using only woodwinds, or only brass-winds,?¢
‘ Wwilliams, using a triangle wave, a square vave, and a sine
vave rather than timbres produced by musical instruments, found
that timbre differences had a significant effect on the ability
of Grade Two and Gr;ée Five children to identify melodic
motion.?’ Blatter, in a simiiar study, designed and constructed
an instrument whiék was capable of producing a variety of
frequencies with various wave forms. He theﬁ used this
instrument to test subjects' abilities to match pitches. While

Blatter, like Williams, found a significant timbre effect,

{

s  Desmond [Sergeant, ~ "Experimental Investigation of

Absolute Pitch," Journal of Research in Music Education,
17(Spring, 1969), pp. 135-143.

26 3, M. Grey, "An Exploration of Musical .Timbre using
Computer Based Techniques for Analysis, Synthesis and Perceptual
Scaling" (Ph. D. dissertation, Stanford University, 1975).

.27 pavid B. Williams, "An Interim Report of a Programmatic
Series of Music Inquiry Designed to Investigate Melodic Pattern
ldentification Ability in Children™ (California: SWRJ Education
Research and Development, '1976). . '

28 . Alfred Wayne Blatter, "The Effect of Timbre on
Pitch-matching Judgements (with) 'Reflections for Chorus,
Narrator, and PFourteen Instruments'"” (D. M. A, dissertation,
University of l1llinois at Urbana-Champaign, 1974).

-




b - - —

AY
r%
\

21
ﬂeither author made use of conventional musical instruments.??

' Silber and Howeil had contradictory findings in their
research. Using undergraduates in second year or higher, Sin;L_,
investigated the effect of familiarity with a musical medium
(vocal, string, woodwind, and brass quartét, and piano) on ther
students' ability to inalyze and identify four part musical
chords. The length of time subjects had been studying tReir
instruments ‘was correlated with the chord recognition teést -
scores. Significant difterences were found only for vocal and
string performers.?’ Howell a}so investigated the effect of
timbre on the identiffication of harmonic intervals by
instrumentalists. He tested first*and second year post-secondary’
students using pitches produced by clarinet, trumpet, piano,
"pure tone", and "mixed tone" (a combination of French horn and
flute). The results showed that pianists attained the higﬁest
score, and that neither timbre nor familiarity caﬁsed a
difference in scores.?® . 2

Meyer, in 1978, investigated pitch discrimination using |
paired sounds with identical fundamental frequency and

differential spectra. He used a sawtooth ("normal overtone

\\ | I

29 John S. Silber, "Aural Analytic Ability "in Harmonic
Dictation in Various™ Musical Media® (ph. D. dissertation,
University of Indiana, 1955).

’°/§onald Thomas Howell, "The Effect of Timbre on the
Interval Perception and ldentification Skill . of
Instrumentalists” (Ed. D. dissertation, 'The University of

“sOklahoma, 1976). :

33
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series"”) and a square wave ("altered partialé"). A significant J

majority of the musicians tested perceived thé sawtooth wave as

L,j;eing sharper in p{tch than the square wave.?' : .
g In the same year, Gephardt examined first and. second yeaé
music majors. Subjects were given the firsf note of a dictated
melody » of unspecified length, and asked to notate the remainder
of the di;tation. Melodies were dictated using seven different
timbres: Etrumpet, alto saxophone, piano, guitar, synthesizer

(sawtootﬁ’wave), "Mixed 1", and "M{;ed 11". He found that

7 timbre, enveloée, melody length, and task experience
A ,
significantly affected subjects' scores on the dictation test,
and that familiarity with the timbre source was not a
significant factogr.’? . ’
. - . Summary )

From the foregoing examination of the literature dealing
with timbre and pitch perception, it seems clear that tones
produced by musical instruments are easier to identify ‘and to
discriminate than are tones p;oduced. by electronic sources.
There is some evidenée to suggest that previous performance

experience on & musical instrument, and the amount of previous

) iﬂx’

»
“+

. ‘3% 3, Meyer, "The Dependence of Pitch on Harmonic Sound
Spectra,” Psychology of Music, 1978, 6(1), pp. 3-12.

32 ponald L. Gephardt, "The Effects of Different Familiar
and Unfamiliar Musical Timbres on Musical Melodic Dictation”
(EQ. D. dissertation, Washington University, Missouri, 1978). ’

r) Lz . _
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ear training experience, contribute to pitch. identification
_tasks.
Iq general, théf; abpears to be agreement among researchers
that timbre does have an effect oh pitch judgement; there is no
clear consensus about this effeci,_however. Only Gephardt seems

to have addressed the guestion of unfamiliar timbres, and their

effect on pitch pgerception, as compared to the effect of

familiar tim?res Many researchers seem to ke aé}Bed/that there
is much to be doné\in thejfieid of timbre and its effect on the
perception of pitch: ‘

This study was rceived as an exploratory investigation
into a field which has apparently been little examined. It was
hoped that some broad guidelines might be discovered which might
gerve to offer direction to future researchefs in this area. In
this‘study, the main area of interest .was the effect of
instrumental timbre upon students' ability to perceive and

describe melodic intefvals. As discussed on page 4, this study

attempted to answer the following four guestions:

.

1) Do differences in timbre affect stude ts' ability
to identify melodic intervals during dictation?

2) Does the length of time that students have been
training to. identify melodic intervals have a
relationship with a possible effect of
fap111ar1ty of timbre, as measured by ability to
i nt1fy melodic intervals?

3) Does the length of time that students have been
playing their declared major instrument have a
relationship with a possible effect of
familiarity of timbre, as measured by ab111ty to
identify melodic 1ntervals’

f)—
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4) Does the use of familiar or unfamiliar timbre
sources affect students' ability to identify
melodic intervals? .

a
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Chapter 3
METHODOLOGY
Population and Sample

All subjects were volunteers from among those students
enrolled in either the Music Education Department or the Music
Department of the University of British Colpmbia, or in the
Music Department of Douglas College.' Only those StudénQS who
had taken or wére taking at least one university leve
theory/harmony course were eligible for particibation in the
study. Subjects vere categorized on the basis of their answvers
to a shortkquestionnaire, ?dministered immediately prisr to the
actual testing. At that time information was gathered as to the
major instrument played by each ;ubject, the length of iime the
subject had been playing that instrument, .and other - pertinent
détails (see Appendix 2). ' '

In total, 220 subjects volunteered for this study: 9i“males
and 125 females. Of these, e;ght subjectd were excluded. Two
were faculLy members, excluded only because of small .numbers:

the other six subj‘!ts vere disqualified from the PPEM/FETE

1]

—

©

. A tvwo-year regional college. - ; A
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portion of the study ;ecause of incééplete response forms. Only
the two faculty members were excluded from the MAJOR portion of
the study. The ages of the subjects ranged from 17 to 47 years,
with a mean age of 21.8 years. Sixty subjects were registered in
Year One of university or/college, 48 in each of Years Two and
Three, 30 in Year Four, and 29 in Year Five. Seventy-four
subjects were from the University of British Columbia Music
had M

Education Department, 43 from Douglas College, and 101 from the

University of Bgitish Columbia Music Department.

The - subjects were categorized into three different groups,

on the basis of Formal Ear Training Experience (FETE):

Group 1, one to eight months formal ear training;
_ Group 2, nine to sixteen months formal ear training;
Group 3, seventeen months or more of formal ear training.

These groupings were chosen because the un!versity/college

academic year .normally consists of'eigbt months. Preliminary
;xaminat?on of the demographic data revealed that there were not
sufficient subjects at the higher levels of FETE to 'permit
analysis with .both FETE and PPEM, if more than three levels of
FETE vere used. The lack of subjects at the upper levels of FETE
may have been due.in part to naturél attrition of students
throughout the academic process, lack of availability of
advanced courses involving,ear training, or to some other cause
beyond the researcher's controli v

Subjgcls were alsoi\‘categorized on the basis of
Pl{ying/Performing Experi;nce (PPEM): ’i.

Qroup 1, less than six~year§ PPEM;

Group 2, six to ten years PPEM;
. Group 3, more than ten years PPEM.

k3
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The categories of PPEM were designated after the work of
Cuddy, Leonard, Silber, and Howell. While the original intent
was to use four levels of PPEM, examination of the demographic

data revealed that, as was the case for levels of FETE, ‘there

t

were not sufficient subjects to permit analysis using four
levels.

A\Subjects were further categorized by the declared major

instrument (MAJOR), resulting in five groups:

MAJOR 1, Clarinet; /

MAJOR 2, Trumpet; '

MAJOR 3, Piano;

MAJOR 4, Voice; .

MAJOR 5, Other (all those whose Major was not one of the
above-4).

)

Selection of Intérvals-and Timbre Sourcés
' 4
The twelve melodic ascending intervals shown in Appendix 1

were chosen as being representative of conventional ear training

tests. It was the opinion of the author and of §evera1r

experienced music educators ethat the test would provide
sufficient challenge to all subjects. The 43th interval, a
perfect unison, was omitted because it was felt that it wou{d
not have suf@icient variance to be a useful measure.. The
intervalg gﬁosen are situateé in a range which allows each
instrumeﬁt to produce a characteristic timbre, and which falls
well within the range of the majority of heard musical material.
By avoiding the extreme ranées of each instrument it was hoped

to control to a certain extent the nuisance variables of
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uncharacteristic timbre, inaccurate pitch, and embguchure Sr
fiﬁger fatigue. '
The six timbre sources used in this investigation were
produced by thefollowing instruments: clarinet, trumpet, piano,
violin, xylophone, and "synthesizer kpure sine wave).’TheSe

instruments were selected for the following reasons:

-8 v

Clarinet. The clarinet is representative of the woodwind
family, and is a common instrument in school and community bands

and orchestras.

Trumpet. The trumpet is redwesentative of the brass family,

Ay
and ~is &lso a common instrument in school and community bands

-

and orchestras. ,

2
& L <

Piano. The Dbasic instrument of ear training  has

-

traditionally been the piano, as discussed in Chapters One and

Two .
-

Violin. The violin is representative of the string family,

and is common in school an8 community orchestras.

B .- R ’

. Xylophone. The xylophone is representative of the tuned
peccussion family of instruments,-and‘while not common in school

bands and orchestras, is often found in elementary school

general music class;s qnd priﬁary ciassrooms./

\

Synthesizer. The synthesizer-was used as a convenient way

to provide a pure sine wave. The instrument used is designed to

produce notes of the equi-tempered scale without regard for the

40

4
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wave form (timbre), attack, or decay being produced. It was
pqssible, therefore, to makg use of an oscil{oécope to ensure
that a pﬁré sine wave was bein§ produced, and to be confidenf
thet notes other than  those qctualiy examined on the
oscilloscope would be in-tune. The sine wave was included in the
study lecause of its frequent use in tests of perception py

researchers such as Seashore, Bentley, and others.

Preparation of the ’I‘esyl‘ape

The master tape was recorded at 15 inches per second
(i.p.s.) uging the facilities of Bullfrog. Recording Company
Limited. buring the recording process, each tone was monitored
for intensity\ana for equal temperament frquency level (see
Appendix 3). The ent}revre;ording process was also monitored for
possible harmonic distortion and each recorded tone was adjusted
for, intensity level so'that the final re;ording contained only.
equal intensity signals. Each. inst;umént was played by a

professional performer, who was asked to play all intervals at a

uniformly moderate volume level.
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Figure 1. Rhythmic Pattern used for Melodic Intervals.

r

Each interval was played by the performer using the
rhythmic pattern shown in Figure 1. An electronic metronome was
used to ensure accurate and consistent performance of both pitch

and rest durations. The chosen tempo was 2 beats per second

- ~

( 4 =120), since:

"« o . in order to be heard clearly as of definite
. pitch, a tone at 128 [Hz] must have a duration of [at
least] 0.09 sec; for 256, about 0.07 sec; for 384,

about 0.04 sec; and for 512, about the same.? ‘

After all seventy-two intervals (12 X 6 instruments)  had
-

been recorded, each interval was assigned a random number to .

-

.eliminate any séqdential effect that might ipfluehce scores.

Intervals, sounded twice, were then ;gapsfg;red to a second

master tape in their previously dete;ﬂined random  order,
' *  together with a pitch reference tone (A = 440 Hz), instructions,

and question/{dentitication numbers (see Appendix 4). The ‘master

~N

2 Carl E. Seashore, The Psychology of Musical Talent
(Boston: Silver Burdett, 1919), p. 62.

i

o
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| tape was then re-recorded. at 7.5 i.p.s., and leader tape was

inserted to mark the various sectﬁon; where pauses would occur

' o during administrati@f the test.

Testing Procedure

The tests were conducted in variou¥ music classrooms iﬁ the

Udiversity of ritish Columbia Scarfe aﬁd Music Buildings, and

in the Douglas College Music facilities. The placement of the

test equipment ‘'was kept as cloéély identical as feasible in each

test location. Ambient ?ackground noise was measured prior to

each administration of the test, and was found ‘to  be

~ cohsistently less than 60 dBA in every instance. Similarly, tape
speed was measured before .each administration, and was found to

be consistent to :.5 Hz for the reference tone of A = 440 Hz.

Playback 1levels vere seg to yield an SPL of 85 dBA at four feet>

in front of the speakers when playipg the pitch reference tone.

This settinq.prgduced an average SRL of 68 to 78 4BA throughout
the room.égr the recorded interva)s. The: playback ‘equipment
consisted -qf ; Sony TC-630 combined tape recorder, amplifier,
ana<lpetker$. . : ] |

The tests were made in a "free field", using loud speakers,

since:
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It appears that scientific investigators can
sometimes simplify the analysis of their experiments
if sounds are sent from source to listener in an
anechoic chamber. They can often- further simplify
their labors by working with electrically generated
sound 1supplied directly to the ears by means of
headphonps. However, it is almost universally true
that the human ear's ability to discriminate small
changes of pitch, loudness, or tone color, or
otherwise to 'make sense' out of a combination of -
signals, is immensely better in a room than it |is
under acoustically more sterile surroundings.?’

It vas felt that this free fiéld procedure duplicated, more
closely than might otherwise be the case, a realistic situation -
in which musi¢ might be he@rd. In every instance the speakers
were located at the front 6f the rooh, in osij}%n
abproximately equivalént to that of the piano usually used~—for
ear training in that room.

Subjec%s heard Part A of the test instructions, and then
were given a short q'ﬁe tg.comple;e tﬁe Background Information
Sheet. Subjects‘then hl‘rd Part B of the instructions followved

.

by thte:!;Fracﬁice intervals" (P4, ps; and P8, played on piano)

which ver® not scored. After being given an opportunity to ask

. guestions, subiects then began the actual test, recoraing their

ansvers in the appropfiate boxes on the answer sheet (see
. l « -

Appendix 2). The test took approximaﬂ%}y 20 minutes from start

to finish. Test scores were not identified with individuals in

any way, and subjects were assured of c nfidentiality.

,~

3 Arthur H. Benade, Fundamentals of Musical Acoustics (New -

Yosk: Oxford University Press, 1976), p. 197.
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Statistﬁcal Design and Anélysis

}

Subjects' answers were hand coded, transferred to a
computer disk file, and then recoded from the original thirteen
item code to a two item code. This process was necessary to m;ke
them suitable for -machine scoring by the computer program
LERTAP.® Details of this recoding 'procedure»may g; found in
Appendices 7 and 8.

Initial examination of the data revealed that the
variance-covariapce matrixes appeared to be heterogeneous, and
that the distribution curves were not normal. It was decided
that the lack of normalxty was ‘the réal cause of the difficulty,
and possxble solutions were explored. After 1nvestxgat1ng the
effects of various transformations, it was decided to wuse an
arcsine transformation.

A total of three transformations were carried out, in order
to eliminatekany variation in scores due to the particulgr c;dss
or location of a subject, and in order: ‘

1. to achieve homogeneity of error variance, and,

2. to achieye normality of treatment-level

distributions.?

The first transformation involved recalculating subjects’

scores as proportions by dividing each of the six tests by

H

I

¥

* Larry Richard Nelson, Laboratory ‘of Educational Research
Test Package (New Zealand, 1974). ‘

| ' Roger E. Kirk, Experimental Design: Procedures for the
. Behavioural Sciences (California® Brooks/Cole Publishing, 1968),

p. 63.




‘. 34
twelve, the total number of items. The proportions thus obtained
were then converted using an arcsine transformation to obtain a
more normal distribution of all scores. The formﬁlas given in
Marascuilo and McSweeney were used for this transformation.®
This procedure yielded scores with values expressed in radians.
. Following the arcsine transformation, scores -were then .
converted into standard scorés (mean zefo, standard deviation
one) by first stan@ard{zing across the six dependent variables
within each class, then standardizing ;cross each class within
each institution, ~and finall standardizing across each
i;;titution. This procedure produced scores with a mean value of
- zero and a stahdard deviation of Jng for the total distribution
of scores. Comparison of any score with any‘other scofe could,
therefore, b? meaningfully made since all _Scores vere
!effectively on the same scale.’
A multivariate analysis of wariance (MANOVA) was performed,
using PPEM and FETE as the independent variables ‘(three levels
each) and the six scores attained on the melodic interval

identification test as the dependent variables (Table 12.

A separate MANOVA was performed on the same dependent

¢ Leonard A. Marascuilo and Maryellen McSveeney,
Nonparametric and Distribution-Free Methods for the Social

% California: Brooks/Cole Publishing, 1 R
1‘ -1 . ) " .

7  The computer program* which performed these
‘transformations vas wr@tten by Dr. R. E. Bruce, of the

Educational Research Service Center at the University of British
- Columbia. A copy of the program will be found in Appendix 9.

PP,

ey

"
~40
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variables but using the subjects' declared major instrument
(MAJOR) as the only independent variable. This two stagg\\\_//
analysis was necessary since there was an insufficient number of g

subjects to permit blocking on all three independent variables

simultaneously. .
b4
/
)} TABLE 1
3 X 3 MANOVA DESIGN '
N RS A PPEM B
* || GrRouP | GROUP | GROUP
ONE TWO | THREE
, GROUP ONE Ne22 | Ne12 | _NeB |
FETE | GROUPR TWO N=31 N=30 N=33
GROUP THREE N=22 N=21 |° N=33

TOTAL N=212 ‘
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Chapter ¢
RESULTS .
Summary of the Problem

This investigation was carried out in an attempt to e*plore
the effect of musical timbre on subjects' ability to passively
identify dictated melodic intervals. The independent variables
were'playing/petfo;ming experience (PPEM), férmal ear traiming
experience (FETE), and familiarity of timbre (MA&OR). The
depepdeﬁ variables were the scores attained on  six
ahthor-\iitﬁen tests of melodic dictation.

For purposes of analysis, subjects were grouped ipto»three )
levels of PPEM and three levels of FETE. An additional
five-level grouping was made on the basis of declared qajor
iﬁstrument (MAJOR). A multivariate analysis of variance (MANOVA)
analysis was used to determine which of the data results were

statistically significant. Where appropriate, Scheffé post-hoc

multiple comparison tests were performed.
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Statistical’Reéﬁgss

Introduction

v

The\multivariate analysis of variance (MANOVA) tests were

performed on the data using the MULTIVAR computer package.' This
B y -

statistical package performsqa MANOVA as generally described by

Harris.? The analysis was performed at the University of British

Columbia Computer Center on the Amdahl 470 V/8 computer,
operating under the Michigan Terminal System (MTS).
The results of the statistical tests are reported from the

most complex to the least complex, since the presence of an

" interaction between two factors mpkes difficult any

interpretation of one af\\}hose factors alone. The MANOVA

analysis of PPEM and FETE yill be discussed first, followed by
the MANOVA &nalysis of MAJQR. R

A significant multivariate F ratio' in the summary table
indicates a rélationship'belweén the dependent variables and the
appropriate independent variahle. The aSsence of a signifiéant
univariate F ratio implies that the relationship among the
dependent variables and the i;;;pendent variable m;y be a
complex one. No interpretation was made of such a relationship, 

since, for example, it would make little sense to present a

! MULTIVAR: Version 6.2 (Chicago: National Educational
Resources, 1972). .

2 pichard J. Harris, A Primer of MultivariSte Statistics
(New York: Academic Press, 1975).

-
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result which says that "The scores on the piano timbre of Level
2 of PPEM are significantly different from one-half of the score
on the clarinet timbre of PPEM Level 3 glus one-half of the .
score on the trumpet timbre of PPEM Level 1." If there was at
least one significant uniyariate F ratio, then apEropriate post
hoc comparisons were made to determine where the significant
differences wvere located;

Statistical tests were carried out, for main effects, at
the ¢ = .05 level of significance. For post hoc analyses, the
significance level was maintained at o = .05, since this was an-
exploratory study. All post hoc tests were conducted using

Scheffé's F ratio test.

Tests of Hypothg;is 1

Null Hypothesis:

+

There will be no statistically significant
interaction between formal ear training .
experien _(FETE) and playing/performing
experien (PPEM) as measured by scores attained
uthor-produced test of melodic interval
entification.,

From Table 2, it may be seen that the PPEM/FETE interaction
- L
F ratio vas non-significant for both the multivariate and the

univariate tests.’ Accordingly, the null hypothesis was

v

accepted; there was no interaction between PPEM and FETE.

3 showh as. "PF Interaction” in the table.
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v TABLE 2

MANOVA SUMMARY TABLE FOR PPEM AND[E‘ETE

Multivarigte Test Univariate Statstics
Source F (af) df Cl Tr Pi Vi Xy Sy
(PPEM) 352 (123%) 2 981 1031 1051 968 1079° 1570°

(FETE) - 197" (123%6) 2 122 0.70 054 242 0.00 0.14

PF Interaction 086 (12692). 4 069 042 085 026 044 O
Withih 203
*p<.05 r

NOTE - CL Clarnet, Tr, Trumpet, P\, Pano, W, Violn, Xy, Xylophone, Sy, Synthesizer.

TABLE 3

SCHEFFE POST HOC COMPARIéON Ol\" PPEM LEVELS

INSTRUMENT 1-2 -3 &‘3

CLARINET 0.003 | 11.43%| 17.59%
TRUMPET 0.288 9.07%| 19.36*

PIANG 0.301 | 14.97*%] 15.88*

? , VIOLIN 0.492 8.47*| 19.99*

XYLOPHONE 0.413 9.17*| 20.59*
SYNTHESIZER|| 0.999 | 23.52*| 23.30%| .

-
* p<.05
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- - TABLE 4
SCHEFFE POST HOC PAIRWISE COMPARISON OF PPEM LEVELS

- AN
COMPARI SON 1-2 1-3 2-3
‘ VLN/SYNTH 6.12* 4.65 0.08 ’
[ xvro/siNH || .65 6.05* | 0.22 |




- TABLE 5

™

SCHEFFE POST HOC COMPARISON OF“PPEM

COMPARI SON 1 2 3
CLAR/PNO 0.27 ¢.31 |, 0.5
CLAR/TPT 4.57 | 18.92% | 7.48%
CLAR/VL 0.38 4.08 | 0.04

CLAR/XYLO 2.12 0.48 1.35

CLAR/SYNTH 2.37 | 0.0 1.66

T TPT/PND 6.83% | 41.29% | 11.51%
TPT/VLN 0.21 0.07 0.26
TPT/XYLO || 3.95 | 8.37* | 3.62

TPT/SYNTH 0.72 | .37 3.29
PNO/VLN‘ 4.07 34.51% 7.31*
PNO/XYLO 0.48 | 17.82% | 3.09

PNO/SYNTH 13.02* | 16.54* | 1,77
VLN/XYLO 2.14 6.49* | 1.74

VLN/SYNTH . 2.36 4.65 2.40

XYLO/SYNTH 8.88% | 0.34 0.01

* p<.05
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Tests of Hypothesis 1 ™ ” ‘?i

Null Hypothesis:

~

S There will be no _statistically' significant
difference in the mean ability of subjects to
identifyecertain melodic intervals, as measured
by sScores attained on ean author-produced test of
melodic interval identification; regardless of
the amount of PPEM each has"had.

As can be seen from Table 2, the PPEM multivariate F qatio
and all of the related univariate F ratios were significant

the ¢ = .05 level. Post hoc investigations revealed that tegt
scores achieved by subjects at Level 1 of PPEM were not

- significantly different from those at Level 2, but that subjects
+  at Level 2.were significantly different from those at Level 3.
Additionally, subjects' scores at Level 1 were significantly
éifterent from subjects' scores at Level 3 (Figure 2, Table 3). -

‘ ' .

' post hoc investigations also revealed that the differences
between the stores on certain instruments changed as the levels
of PPEM changed (Table 4), and alsg-that the differences between
the scores on certain pairs of instruments chanded as the levels

of .-PPEM changed (Table 5). \ .
g In view of these results, the null hypothesis was rejected;
% there ‘were statistitaliy significant differences in the ability

of {db&ect; to identify certain melodic intervals, when the

, amount of PPEM each has hag was tfken into consideration. ~
N

n
(|
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Tests of Hypo;hesis 111

| L

Null Hypothesis:

There . will be fo statistically significant
difference in the mean ability of subjects to
identify certfin melodic intervals, as measured’
. by scores attained on an author-produced test of
melodic interval iderntification, regardless of
the amount of FETE each has had. 4
As can be seen from Table 2, only the mqitivaiiate F ratio
was significant for the FETE factor. This finding suggests that
there was some significantly different combination of variablés
among t‘f levels of FETE. Such a combination was not, however,
meaningful in terms of this study. Posﬁ hoc investigation
revealed that while the levels of FETE were not ‘different Erom
v .
one another, there were statistically significant differences
between scores attained on various instruments at each level of
FETE (Table 6). It was also found that the differences between
the scores on certgin test timbres changed as the level of FETE
changed (Table 7, and Figure 3).

. Accordingly, the null hypothesis was rejected; there was a
statistically significant difference in the ability of subjects
> s . g - . . | N

to identify certain melodic intervals when the amount of FETE

each has had was taken into consideration.

L
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*TABLE 6

SCHEFFE POST HOC COMPARISON OF FETE

COMPARI SON 1 2 3
ann;pno, 7.22% || 2.1 5.16
CLAR/TPT 8.99% |[14.09% | 7.68*
CLAR/VLN 1.45 \\3.03 0.08

CLAR/XYLO 0.12 6.70* 0.10

CLAR/SYNTH 0.33 1.43 0.06
TPT/PNO 33.73%* | 3,14 | 26.70*
TPT/VLN 2.47 9.64* | - 6.02
TPT/XYLO 10.24* | 0.62 3.85

TPT/SYNTH ¢.29 0.28 3.85
PNO/VLN 15.02% | 25.66* | 5.31
PNO/XYLO 9.47% | 1.39 8.26*

PNO/SYNTH 12.01* 5.77 8.67*
VLN/XYLO . 2.11 ~16.9%* 0.29

VLN/SYNTH 0.38 8.97* | 0.29

XYLO/SYNTH 0.84 1.97 0.32
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TABLE 7

-

SCHEFFE POST HOC PAIRWISE COMPARISON OF FETE LEVELS

COMPARI SON 1~2 1~3 2-3
CLAR/TPT 9.18* | 0.08 7.57% |
' TPT/PNO 6.85% | 0.18 4.84
TPT/VLN 11,23% 0.40 15.57*
VLN/XYLO 4.21 0.98 8.95*%
VLN/SYNTH 3.21 0.67 6.00* "
* p<.05

—
.

9}
QJ




BEST CQPY !‘."'"! "eLE ~ -

/ .

Clarnet
Trumipet
Puano
Viohin
Xylophone
Synihesize

o
4
(>
}
©23s23dP

rd

A: Level 1.

X X

B: Level 2.
6y

49

44

4“9 - : i LEGEND

o LEVEL!
s LEVEL2

-------- LEVEL3
- -.21

* 44

——

Y
D: All Levels,

Figwe 3. FETE COMPARED WITH SCORES.
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Tests of Hypothesis IV j ‘ _,;,\NJ&
~ .

Null Hypothesis:
There .will be no statistically significant
difference in the mean ability of subjects to
identify certain melodic intervals presented
using different timbres, as measured by scores

attained on an author-produced test of melodic
interval identification.

Since FETE and PPEM were both found to be significant, no
explicit tests were made of this hypothesis. The rejection of

this hypothesis was a consequence of the rejection of Hypotheses

11 and 111.

Tests of Hypothesis V . -

Null Hypothesis:

There will be no statistically significant

difference in the mean ability of subjects to

y identify certain melodic ‘intervals presented

. using timbres that differ in- familiarity, as

measured by scores attained on an author-produced
test of melodic interval ‘identification.

As seen in Table 8, all MAJOR F ratios, both multivariate
and univariate, were significant at the o = .05 level.

Post Hoc. comparisons revealed that there were significant
diffgrences among the scores attained on certain timbres for
' only two declared major instruments ("voice” and "other"), but

14 .
there were many significant differences among declared major
instruments for each of the test ,timbres (Tables 9 and 10,
Figures 4 qnd 5). Accordingly, the null hybothesis vwas revjected;
there was a statistically significant difference in the ability

of subjects to sidentify certain melodic intervals when the

4
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declared major instrument was taken into consideration.

TABLE 8 .

MANOVA SUMMARY TABLE FOR MAJOR

Multivanate ’[qst ‘ . Univariate Statistics
“Source F (daf) at Ci Tr Pi = W Xy Sy
Major 177 (24.727) 4 375" 352° 280° 436° 634 378
within 213 ‘ .
. 'p< 08 ‘ . /f/'
NOTE - ~Cl, Clannet, T Trumpet, Py, Pian, Wi, Viokn, Xy, Xylophone, Sy, Synthesizer.
TABLE 9

SCHEFFE POST HOC COMPARISON OF MAJOR

COMPARISON || VOICE OTHER \ ~
TPT/PNO || 0.28 |, 33.10%
PNO/SYNTH .|| 12.69* 10.51%

XYLO/SYNTH| |14.66* 0.06

' * p<.05 ' .
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TABLE 10

DECLARED MAJOR

A,
MAJOR CLAR | TRPT | PIANO | VIOLIN| ZXYLO | SYNTH
CLAR/TPT 1.94. | 1.50 | 3.83 0.08 31.54%|11,28*%
CLAR/PNO | |45.61% |33.83% [32.93% |B5.43% | 30.42%|29.16*
CLAR/VOICE||20.28* |13.48* [12.25* [20.26* 22.@8* 0.25
CLAR/OTHER|| 3.28 | 0.13 | 3.62 | 7.01 0.28 | 0,34
TPT/PIANO ||66.35*% |49.66* |59.25% [69.95% [123.90%|76,71*
TPT/VOICE ||34.76* |24.03* [29.76* |22.81* |107.10% 14§g§*
—
TPT/OTHER ||10.26* | 2.51 |14.90% | 8.5¢ | 25.85%|15.52+
PIANO/VOICE|| 5.00 4.60 5.03 |[12.87% | 0.62 |24.03*
‘|p1aNO/OTHER| | 24.42* |29.83* |13.73* |29.60* | 36.58%|23.22*
. | VOICE/OTHER|| 7.24 |11.00* | 2.54 3.43 | 27.70%| 0.0
. * px.05
-
i y
¢ h | )
. . V4
L 4

63



- BEST CCPY AZIAILABLE

e ™
A: "CLARINET.

TRUMPET.

CcL TR 4]

CL Clarnet
TR Trumpet
PL: Puno
vi: Viohn

%Y Xylophone
SY Synthesuzer




BEST COPY AVAILABIE '

(™ 6
44 44

T3 7 3 3 3 T 1 Y3 3
-,24 o .24 N

..‘: ..‘I
X P =@ *
cL ™ 4] vo or cL TR ] Vo or
A: ' CLARINET. B: TRUMPET.
' ° LEGEND
CL: Clarinet
T™: Trumpet
M. Peno
. VO Voce
OT: Other
[ (]

W -
44 - 4 4
24 A 24 ) . A
) - - 0 ~
~ 3 4 s 2 3 \\5
.29 .24

-

-dy \ ] od
.8 .8 . J
L ™ 4] Vo or cL TR Pl vo oT
C: .PIANO. ) : D:  VIOLIN,
v
64 r

.?4 —a2d

vy Y

-4 a ™ m w . or -8 a m m w or
E xvu.omona] F: SYNTHESIZER




Chapter 5
CONCLUSIONS

Introduckion

The purpose of this study was to explore the effect of
timbre upon the identification of melodic intervals. The
question was asked: "Do differences in timbre, affect students’
ability to identify melodic intervals during dictation?” Since
it was suggested by some researchers that this ability might -be
aff:'fed by a subject's familiarity vith a partichlar timbre
(the MAJOR"instrument), the amount of playing/performing
experience on that instrument (PPEM), and the length of time he
has been formally studying ear training (FETE), these .three
factors were usdl in defining the formal hypgtﬁeses. '

Five null hypotheses were formulated aﬁd tested, using a
test of melodic interval identification created by the author.
The results of the study, as discussed in Chapter 4, have led to
the followihg conclusions:

Null Hyéothesis 1: PPEM/FETE: interdction--accepted;

Null Hypothesis 1I: effect of playing/performing

experience (PPEM)--rejected;

Null Hypothesis I111: effect of formal ear training

experience (FETE)‘frejecteQT )

€5
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Null Hypothesis 1IV: differences in timbre--rejected;
Null Hypothesis V: familiarity of timbre
(MAJOR)-frejected.

Summary of Results

The population investigated consisted of college and
university students with a minimum of two months of formal ear
training in university/college level harmony/theory courses. For
this population, variaéions in timbre seemed to have an effect
on students' ability to perform simple melodic dictation tasks.
This effect was present when either the amount of PPEM or the
amount of FETE was considered, and also was true for each
instrumental timbre examined. Investigation of the relationship
of PPEM and timbre showed clearly that stuéents who had the
largest amount of PPEM (more than .temn Yyears \of experience)
attained the highest scores. There were no statistically
significant @ifferences between the scores attained by studenis

~at Level ! of PPEM and those attained at Leyel 2 (less than six
years and six to ten years, respectively).
~~ When differences;among instrumental timbres were examined

__gz/é;ch level of PPEM, it became evidefit that there was no clear

pattern of variation. For all levels, éhe;e were no differences

between the scores attained on clarinet and those attained on
violin. Similarly, there were no differences at any level of
PPEM between scores on clarinet and Xxylophone, clarinet and

synthesizer, trumpet and violin, trumpet and synthesizer, or

S )
re | Lo o

’
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" wiolin and synthesizer. The number of statistically significant
differences at each level of PPEM and the relative scores at
each level suggest that Level 1 students maf " be unable to
identify melodic intervals well enough to be affected by timbre;
wvhile Level 3 stud;nts may be able to identify melodic intervals
so well that they are not misled or confused by timbre. ﬂzvel 2
stu¢egts, as mi;ht perhaps be expected, scbred beﬁugsi\fevels L
and 3. An alternative interpretation might be that clarinet,
trumpet, violin, xylophone and synthesizer timbres yielded
essentially 'the same ‘scores, but that the effect of the piano‘
timbre was different. Thi; alternative interp;etation implies
that scores attained on"piano intervals may have been higher
bechyse of familiarity with the piano from the students’ regular
ea;‘t::}hing\gsffions. While the nature of the relationship is
not clear, there sppears to be a definite relationship between
PPEM and timbre. In additiop,~ it is -clear that the score
attained, regardless of the timbre;‘increasgs with the’a&ount of
a subject's playing orqperforming experience.

An examination of the effect of FETE also leaves some
questions unanswered, There seems no doubt that FETE did
interadt with the instrumental timbre to produce scores vhich
vere different at different levzls of FETE; it is not clear as
to the nature of that interaction. In some ways, it would appear
that Levels 1 and 3 are very similar: both levels have almost

L]
jdentical combinations of significant results. This similarity

is supported by the pairwise comparisons. Examination of the

graphs, however, tends to suggest that Level 1 and Level 2 may
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have more in common. The results of the study indicate, then,
that FETE and timbre are .interrelated, but fail to make clear
the details of that relationship.

The effect of familiarity of timbre in this study seems to
suggest that while theré is a relationship between the declared
major instrume;t and the timbre presented, there is not a direct
relationship. That ’is, a student who is familiar with a
particular timbre does not necessarily attain a higher score on
dictation preseﬁted with that particular timbre than with other
timbres. It is clear that students with experience on piano or
on voice attained significantly higher scores than did students

with experience on other instruments; is.:s not £lear how formal’

ear training experience interacts with timbre.

‘Conclusions .

The timbre in which melodic intervals are presented during

dictation does make a difference to the scores attained, at

least for the population examined in this study. Timbre then, is
Abf sufficient importance that eégcators should not:

. . . ignore it and concern [themselves] _exclusively
with rhythm and pitch.’ . -

Depending upon the amount of FETE and PPEM a subject has, the
results of this study would seem to suggeét that presenting

material with different timbres can make the task of identifying

'
{

! Wwilliam E. Thomson and hichard P. Delone, Introduction to
Ear Training (California: Wadsworth Publishing, 1968), p. 1.

0n
W



’

57 , : 3
intervals different from the task of identifying'in;erQals
presented with a consistently uniform timbte. Th? nature of that
difference is not clear frpm\this study, and has not been clear
invsFudies done prior éo;this one. .

Al;hohgh the results of this study are somewhat ambiguous

‘regagding thedeffept of familiagity of timbre, it appears that
being "familiar with a timbre source used, through
playidg)performing experience with an instrument producfng\yéhat

timbre, does. not aid in the identification of pitches produced

»with that timbre. It is pbssible that subjects did not respond .

accurately to the question regarding their "major instrument”,

since many un1ver31ty/college gzgydents change their majoryf

-

1nstrument during the1r academic studies. The result may be that\
some students have more expe;ience on  their “5gcondaryb
instruments than on their declared majors. It is interesting to
note, hovever, that sézden;s vho claimed voice as their declared
major insﬁrument achieved the same scores as did piano students.
‘rltv may be that voice students, by virtue of making frequent use
of piano }n their stbdies, are not ‘'very different from piano
students in terms of familiarity with the timbre of the piano.
g It appedrs that the timbre/in which dictgtion material is
presented can' affect a student's ability ' to perform
' identification' of melodic dictation intervals.. Since ear
tra1n1ng 1;, presumably, a preliminary staqg 1n learning to work
with more ‘complex musical mater1als, it would seem that students
‘shou&dfbg exposed to various timbres as part of their training

i‘,interva; identification.
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Suggestions for Further Study

Several suggestions for further investigation have arisen

this study:

The effect of familiarity of timbre needs to be
explored in depth, using subjects with a,wide:fange of
eiperience.

The effect of fixed and moveable doh should be
explored in relation to timbre, since éhere is
evidence to suggest that tonality influences musical
peréeption. |

The effect of the type of interval used (ascending,
descending, harmonic, and melodic) should be explored,
as should the speed of presentation. |

Thé effect ofsthe types Sf timbres presented shoulq be
e;amined more thoroughly, including different

combinations of instruments, and also including the

‘etfect of removing the attack and release from the

sound. It is suggested in the literature that the

attack and release may -be of great importance in

identification of timbre. 5

There are now available a number of ear training
programs for use on microcomputers fitted with
synthesizers. An examination of the effects 'of using

synthesized\ instead of real instruments should be

. made, to determine the applicabif?ty of such

synthesizers to ear training courses.

The question of subjects' declared major instrument

3

~J
fun)
~
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needs to bq re-?xamined, taking into acount the leggth
of time spent studying the major instrument, and the
length of time spent studying any secondary
instruments.

A recent cpange in the Secondary Mugic‘ Curriculum of
the British Columbia public school system should soon
make it possible to replicate this study, Since ear
training is now tqabe offered as a regular part of the
music class. in secondary ‘school§. T;e information
gathered might shed greater light uﬁon the effect of
chronological age on interval identification, and

should provide a wider range of FETE for study.

ba
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o . The folloving pages are the instructions that were given to

the performers who were doing the recording of intervals.
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Melodic Interval ldesatification--Instructions to Performers
, 3 .
N !i' Piaro, Violinf/;;lophone, Synthesizer ("Concert Pitch

v Instruments”)

- i

'S

e Please play each note at a mezzo forte volume. Use a normal
. tone, and use vibrato if you would normally do so. " You are
attempting to produce a "good" tone which could*serve as an

s . examplar.
' \ ‘Stop at .each double bar; the.recording engineer will ad‘e
you when he is ready for the next bar. Make use of 'the
stroboscope .to ensure you are playing ‘exactly on pitch (A = 440
-Hz ), and the metronome to emsure that you are playing exactly

in time,
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. - -
Melodic Interval Identification--Instructions to Performers

Clarinet, Trumpet ("Transposing” Bb instruments) L

Please play each note at a mezzo forte volume. Use a normal
tone, and use vibrato if you would normally do so. You are
attemptihg to produce a "good" tone which could serve as ‘an
examplar. - :

. Stop at each double bar; the recording engineer will advise
you when he is ready for the next bar. Make wuse of the .
stroboscope to ensure you are playing exactly on pitch (A = 440
Hz ), and the metronome to ensure that you are playing exactly

o

in time,
= 120 .
— H— = —— E———
¢ ' ¢ , o zs g ,,
.t - 7 7 T —
: —— T = ——a T b+
) “ "@ ‘2 d'_ %‘ - . flo




L 3

-, 73
leo
*
- ‘:‘
. . Appendix 2 . .
. e
Questionnaire and Interval Answer Form
A N - s P .
Y ? :
? 2 - ,
- The following pages contain the information and answer,
. sheets which were given to subjects.
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; Questionnaire and Interval Answer Form
- INSTRUCTIONS
: PART A

This test is designed to explore the effect of timbre
(tone colour) on the perception of pitch. The test will take
approximately 20 minutes. Although your participation is
appreciated, you are free to withdraw at any time or to
refuse to answer any questions without prejudice. If the
questionnaire is completed, your consent will be assumed.

.

Please turn to the next page, "Background Information”, and
ansver .the questions. Complete the questions and the answer form
anonymously. Do not write your name on these pages.

PART B

You are going to hear a series of melodic intervals. Each
interval will. be played twice, with an announcement of the
question number between each pair. Only intervals in the octave
C4 (middle C) to C5 will be used, as shown in the list below.

m2 M2 m3 M3 P4 X4(dim5) P5 mé M6 m7 M7 P8

Six different instruments will be used to produce the intervalé.
YOU DO NOT NEED TO IDENTIFY THE INSTRUMENT BEING USED.

Write down the name of each interval in the space provided.
.Ignore ‘the smaller numbers to the right of each box. Try to
answer every question, even if you are not sure of the answer;
guessing is permitted. : .-

THIS TEST 1S ANONYMOUS, AND DOES NOT COUNT TOWARD AN&
EVALUATION, :

Are there any questions?

s o The following.seétion is a sample qQuiz only, to give you a
: chance to practise. 'It will not be scored. .
“ 7 \ _ ’ ‘ .
NUMBER| [NAME| . - |NUMBER| NAME - [nuMBER [{NAME
19 s - . 2’ 1o . | 3 - 1y
~ . - - b T3 ‘ N ~ -

This completes the practice session. Are there any further
questions? Please turn to the Answer Sheet--in a moment, we will
< * begin the actual quiz.: ' < N
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BACKGROUND INFORMATION

1. In what year of university/college are you/ currently
enrolled? (Use 9 if you are Faculty) i

/

20 000000.0..000000000000000ooootto‘oooooooooooAge?

(Years)

!

! b 9-10

30 0000000000030.0000000000000000000000000oooosex?

(M or F)

12

4. What is your MAJOR instrument (i.e. the instrument
on which you spend most of your time and ‘energy)?
1. CLARINET - 2.- TRUMPET 3. PIANO -4. VIOLIN
5. XYLOPHONE 6. SYNTHESIZER 7. NONE .
8. OTHER (INCFUDING VOICE--PLEASE SPECIFY)’

5. How long have you played this instrument? )
. : (Years)

f - ST 1ee1

6. What is your SECONDARY instrument (i.e. the instrument
on which you spend somewhat less of your
_time and energy)? _ _ -
“1, CLARINET 2. TRUMPET - 3. PIANO 4. VIOLIN
5. XYLOPHONE .- 6. SYNTHESIZER 7. NONE. " -0
8. OTHER (INCLUDING VOICE--PLEASE SPECIFY) ]

v

7. wa'ldng have you played this instrument?

(Years)

21-22

8. How many actual QONTHS of university/college . o
level theory/harmony courses have you taken?

[Note: one university/college year equals eight months.]

3
28-26" -
- '

T e -

"Now turp back to PART B on the Instructidn paée and listen to
the tape.- ' : ~ '

i
'
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MELODIC INTERVAL IDENTIFICATIO& ANSWER SHEET

NUMBER

NAME

~N ] o] ] e

[+ ]

‘,D‘

10

R

10

11

12

13

14

18
. 16 .

RE

1’l
19
20
21
22

23
26

27

30

NUMBER

NAME

25

- 26

27

28

29

30

31

32

33

‘34

35

- 36

37

38

"39

40

41

42

43

. 44

45

46

47

48

33
Ja
s
3¢
37
i
39
.0
lyi
42
LR
a8
.
(X ]
87
[ ]
.9
$0

$1

$3

[

NUMBER

NAME

49 .

S0

51

52

53 .

54

85

56

57

58

59

60

61

62

63

64

65

66.

67

68

69

70

e,

n

A

72

$7
50
$9
‘O_ -
61
62
63
(X .
s
66
67
6
69

76

72
73
74
78
78
77
78 --
79 .

80
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Appendix 3
’ . List and Specifications of Equipment used for the Study®
f
..
The following is the list of equjipment which was used for
the study.
s ; i
™« /
. f
¥ #
s ’
i . y )
|
.
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L

List and Specifications of Equipment used for the Study

|
!

Recording:

Microphone: AKG C34
Mixing Board: Soundcraft Series Two
[ Tape deck: Otari MX 5050 quarter-inch half track
Tape: Ampex #456, recorded at 15 i.p.s.
Synthesizer: Roland 100M
Analyzer: Klark Technic Model DN60 Real Time Spectrum
Analyzer '
« Equalizer: Audio Design Scamp Sweep Equalizer
Noise Gate: Orange County Electronics Model CLX Dynamic
. Range Processor :
Oscilloscope: Heathkit Model 10-4550 DC to 10  MHz
Dual-trace oscilloscope

Playback: ) ¥

Tape Recotrder: Sony TC-630 combined tape recorder,
amplifier, and speakers R
Frequency Re'sponse: 30 Hz - 18000 Hz 3 dB at 7.5 i.p.s.
Wow .and Flutter: .08 § at 7.5 i.p.s. N
Harmonic Distortion: .4 % at 0 VU at 7.5 i.p.s.
Signal/Noise Ratio: ~56 4B at 7.5 i.p.s.

Meters:
E 4
Realistic Model 4§2-3019 Sound Level Meter, set on dBA scale
Peterson Model 400 Stroboscope (:2 cents)
Pearl Model TC-102 Tuning Meter (%2 cents) e
Boss Model DB-33 electronic metronome




Appendix -4

Contents of the Test Tape

The following is the sequence in which items were recorded

on the test tape which was played to subjects.




LN

Contents of the Test Tape

A gne minute reference tone (A <\ 440 Hz) was placed on the
tape, followed by the instructions) Appropriate pauses were
inserted to' allow time for ,subjeéyf to complete the
guestionnaire and to ask any'qu;stions. Three pracfice intervals
were placed on the tape after the insQEyctions.-These three
intervals consisted of P4, PS5, and P8,  played on piano. No
ansvwers -were provided for the practice intervals. Following
these instructions was tb? actual test, wh{ch had the following
pattern- . N

. question # |interval|pause interval |pause
6 seconds 2 sec. 2 sec.|2 sec. 2 sec.

»

At the end of the tape, subjects were told: "This completes the

®: testing. Thank you for your assistance and cooperation.”
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Appendix S

Interval Randomization Program

Y

The following program was wr1tten by Mr. Steve White of the

'Educational Research Service Center of the University of Br1t1sh

Columbia. It is designed to run on an Apple micro-computer with

a minimum memory of 16K.



217
218

223

- DATA

* DATA
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Min

Interval Randomization Program

DIM A(72),85(72),V(72),U(72) o
FORI = 1 TO 72

READ A(1I)

NEXT I

FORI = 1 TO 72

READ SS(I)

NEXT I
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

101,102,103,104,105,106

107,108,109,110,111,112

201,202,203,204,205,206

207,208,209,210,211,212

301,302,303,304,305,306

307,308,309,310,311,312

401,402,403,404,405,406

407,408,409,410,411,412

501,502,503,504,505,506

507,508,509,510,511,512

601,602,603,604,605,606

607,608,609,610,611,612

"PIANO -2","PIANO +2","PIANO -3"

"PIANO +3","PIANO P4","PIANO X4" : .
"PIANO P5","PIANO -6","PIANO +6" L .
_"PIANO -7","PIANO +7","PIANO P8"

"CLAR -2", "CLAR +2","CLAR -3" y .
"CLAR +3","CLAR P4","CLAR X4"
"CLAR P5","CLAR -6","CLAR +6",
"CLAR -7","CLAR +7","CLAR P8" .
"TPT ~-2","TPT +2","TPT =-3"
.wrpT +3","TPT P4","TPT " X4"
"TPT P5","TPT -6","TPT +6".
"TPT "~-7","TPT

DATA
DATA
DATA
DATA
DATA
QATA
DATA
DATA
DATA
DATA
DATA

DATA
DATA

DATA
DATA
DATA
DATA

DATA

DATA
DATA

- DATA

DATA

" DATA

DATA
DATA

"VIOLIN
"VIOLIN
"VIOLIN
"VIOLIN
"XYLOPH
"XYLOPH
"XYLOPH

."XYLOPH
-"SYNTH

" SYNTH
"SYNTH

"*SYNTH

-2","VIOLIN
+3","VIOLIN
P5","VIOLIN
-7","VIOLIN
-2","XYLOPH
+3","XYLOPH
P5", "XYLOPH
-7","XYLOPH
-2","SYNTH
+3","SYNTH
P5", "SYNTH
=7","SINTH

+2", *VIOLIN
P4", "VIOLIN
-6","VIOLIN~
+7",'v10L1N

*7" "TPT .pg" ’ T \ , °

-3"
X4"
+6'
p8"

+2", "XYLOPH, -3"

P4", "XYLOPH
-6","XYLOPH
+7", "XYLOPH

x4"
+6"
p8”

+2" ,"SYNTH -3"
P4","SYNTH X4"
-6","SYNTH +6"
+7","SYNTH P8"
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N 300 OLDN = INT (72 * RND (1) + 1)
K- 310" V(1) = OLDN:U(OLDN) = 1
320 I = 2
400 N = INT (72 * RND (1) + 1) \
410 IF INT (A(N) / 100) = INT (A(OLDN) / 100) THEN 400
420 T1! = INT (A(OLDN)) - ( INT (A(OLDN) / 100) * 100) l
422 T2 = INT (A(N)) = ( INT (A(N) / 100) * 100)
423 IF T1 = T2 THEN 400
425 1IF U(N) = 1 THEN 400
430 U(N) = 1
440 V(1) = N:OLDN = -N:l1 = I + 2
450 IF I = 73 THEN 1000
460 GOTO 400
1000 REM PRINTOUT
1M1 FORI = 1 TO 72 .
1122 PRINT 'SPC( 1 < 10)I;" '
1125 " SPC( V(I) < 100) SPC( V(I) < 10)V(I) TAB( 10)A(V(I));"
1130 TAB(20)Ss(v(1)) \
1133 NEXT I - o .
3333 END ) ’

(>~

LV Y
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‘ Appendi; 6

Order of Intervals as Played to Subjects
‘ »

' <
The following pages contain the ‘order in which the various

intervals were presented to subjects.’

1




Oorder of Intervals as'Piaﬁed td Subjects
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Appendix 7

Coding Method Used for ldentifying Responses

“The following page contains the details of the coding'
method used to identify subjects' responses in order to

facilitate computer scoring and analysis. )

’ I[J‘l
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Coding Method Used for Identifying Responses

.

.Subjects' response forms were hand coded, and the coding

checked for accuracy according to the following code:

m2| M2| m3| M3| P4| X4¢!| PS| m6| M6| m7| M7| PB| Blank

1 2 3 4 5°1 6 7 8 |9 0 - + ?

The subjects' answers to the background information

questionnaire were also-coded, with a letter code beihg used for

those instruments which subjects listed undeg "OTHER". Once

these codings had been done and the data had been keypunched, -

all response codings and the keypunched cards were checked to
ensure accuracy. The few errors which were found were corrected,
and analysis of the data wasl,then carried out. In order to
simplify the analysis, a program was written to translate the
"interval answers from the original thirteen level coée to a two
level code which indicated only whether an answer #as correct or

incorrect:

Wrong | Right

’

The LERTAP output of scores was subsequently used as 1input for

SPSS and MULTIVAR programs.




91

)
Appendix 8
e N\
The Coﬁputer Program used for Cohv of Scores

The following program was written by Dr. R. E. Bruce of the

* Educational Research Service Center (ERSC) at the University of

British Columbia.

»

ks




The Computer Program used for Conversion of Scores

00050 REM THIS PROGRAM RUNS UNDER WATEROQ BASIC V2.0

00100 REM THIS CODE CONVERTS DATA FROM '! THRU 9,0,-,+,?'
00150 REM TO '00-12'. .

00200 REM DHMDATA CONTAINS INPUT DATA IN FORM 'XXXX  YY:::Y'
00225¢ REM WHERE XXXX IS THE RECORD ID,

00250 REM AND Y EQUALS THE RESPONSE-72 RESPONSES ALLOWED.
00300 REM DATA CONTAINS OUTPUT IN THE FORM '00-05' FOR LERTAP

- 00350 REM -CONVERTS CONTAINS DATA IN THE FORM '00-12'.

00400 REM DALMUSKEY CONTAINS THE CORRECT RESPONSES FOR
00425 REM QUESTION AT 1 PER CARD.

00450 '

00500 DIM CHARS$(151),RIGHT(151)

00550 ON EOF IGNORE

© 00600 OPEN #2,'DHDATA’',INPUT

00650 OPEN #3,'-CONVERTS',OUTPUT
RMATSZE;######################################"&

00750 G+YARRNSWESRERRRRULRNNERRRURERRERIRRIRRRRIIE"
00800 PRENT "RLEASE ENTER THE NUMBER OF CASES"
UT CASES

INPUT #2,USING FORMATS,AS

01000 BS. = STRS(AS,1,7)

01050 JFOR I1=8 TO 79

01100 CHARS(I) = STRS(AS,I,1)

01150 IF CHARS(I) .= "Q"

0120 CHARS(1I) = "10"

01250 ELSEIF CHARS(I) = "-"

01300 CHARS(I) = "11"

01350 ELSEIF CHARS(I) = "+"

01400 CHARS(1) = "12"

01450 ELSEIF CHARS(I) = "?" t.
01500 CHARS(I) = "00" -

01550 ELSE

01600 CHARS${(1) = "0"+CHARS(1)

01650 ENDIF

01700 BS = BS + CHARS(I)

01750 NEXT I ‘

01800 PRINT #3,B$ - , ‘ v
01850 NEXT J

01860

01870

01900 REM THIS CODE CONVERTS DATA FROM '00-12' TO '01-02'
01925 REM FOR LERTAP RUN :

1u1
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OPEN #4, 'DALMUSKEY', INPUT

OPEN #5,'-CONVERTS', INPUT .

OPEN #6, 'DATA',OUTPUT

FORMSS="# R4 44 REERRLHRRARENREARENRERTG
EHTHERERRA RN R
A I T2 R R R R 2R R0 0 AT
CHTERERERNER RN R R R

qu I=8 TO 150 STEP 2

INPUT' #4, RIGHT(I) 7
NEXT I ' .
FOR C=1 TO CASES
02500 INPUT #5,USING/40RMS$,A$ r
02550 BS = STRS(AS,1,7)
02600 FOR I=8 TO 150 STEP 2
“ 02650 CHARS(I) = STRS(AS,I,2)
02700 IF CHARS(I)="00"
02750 ANSS="01" ,
02800 GOTO 3650 . .
02850 ENDIF
02900 WRONG = RIGHT(1) - HARS (1))
03000 IF WRONG = 0 . /
03050 ANSs="02" |
03100 ELSE ,
03150, ANSS="01"
03600 ENDIF
03650 BS = BS + ANSS
03700 "NEXT 1
03750 PRINT #6,BS
03800 NEXT C
03850 END
-~
[N
L4
b A
[ Bt -
: , 13




Appendix 9

The Computer Program used for Transformation and Standardization

of Scores

) |
The following program was written by Dr. R. E. Bruce of the
Educational Research Service Center (ERSC) at the University of

British Columbia.

/




The Computer Program used for Transformation ‘and Standardization

00100
00100
00110
00115
00120
00122
00125
00130
00150
00200
00250
00253
00255
00260
00265
00270
00275
00280
00282
00285
00295
00300
00350
00400
00405
00410
.00420
00430
00440
00450
00460

00470 .

00480
00490
00500
00510
00520
00600
00720
00730
00733
00740

of Scores

-

REM THIS PROGRAM RUNS UNDER WATERLOO BASIC V2.0
DIM TOTAL(19),DEV(19),MEAN(19),STDDEV(19),NUMSCORE(19)
PRINT "DATA MUST BE IN SCORES! -IN FOLLOWING FORMAT:
FORMAT ICLCAbbbS1525354S5S6";
PRINT " WHERE I=INSTITUTE, CL=CLASS, CA= CASE, S1-S6
ARE SCOREE" - . i
PRINT"RESULTS WILL BE IN '-AZSCORES6' A SCRATCH FILE!"
CASES=0 .
ON EOF IGNORE ’
OPEN $2,'SCORES!',INPUT :
OPEN #3,'-ASCORES2',0UTPUT
OPEN #4,'-ASCORES3',OUTPUT
FORMATS=" #4444 RRERARRRRRINELT
INPUT #2,USING FORMATS ,AS
FIRSTS=AS :
GOTO 280 ‘
INPUT #2,USING FORMATS,AS
IF IOSTATUS(2)=1 THEN GOTO 730
REM NO RECORD FOUND IN SCORES!
CASES=CASES+1
C = VALUE(STRS(AS,2,2))
FOR I=9 TO 19 STEP 2
BS = STRS(AS,1,8)
OLDSCORE=VALUE(STRS$(AS,I1,2))
OLDSCORE = OLDSCORE/12 :
IF OLDSCORE=0 ) .
NEWSCORE=2*ASIN(SQR(1/48))
ELSEIF OLDSCORE=!
NEWSCORE=PI - 2*ASIN(SQR(1/48))
ELSE )
NEWSCORE=2*ASIN(SQR(OLDSCORE) )
ENDIF 5
NEWSCORE$ = VALUES (NEWSCORE)
BS= B$ + NEWSCORES

PRINT #3,B$
TOTAL(C) = TOTAL(C) + NEWSCORE
NUMSCORE (C) = NUMSCORE(C) + !

NEXT 1

GOTO 275

FORC = 1 TO 19
IF NUMSCORE(C) = 0 THEN GOTO 750
MEAN(C) = TOTAL(C)/NUMSCORE(Q)\‘

14

1




‘o

00745
00750
00760
00765
00770
00800
00850
00900
00950
01000
01025
01040
01050
01100
01150
0115%
01160
01165
01170
01180
01182
01183
01185
01190
01200
01225
01250
01300
01330
01350

01360

01390
01400
01450
01475
01500
01550

01600,

01605
01610
01613
01614
01615
01617
01619
01620
01630
01650
01700
01725
01750

01760.

01770

‘ 96

[

SUMM = SUMM + NUMSCORE(C)
NEXT C \ o
CLOSE #3
PRINT "TOTAL 4 OF CASES AND FIRST CASE =";CASES;FIRSTS
QPEN #3,'-ASCORES2', INPUT
INPUT #3,AS ,
D = VALUE(STRS(AS,2,2)) \
SCORE = VALUE(STRS(AS,9,LEN(AS)-8))
DEV(D) = DEV(D) + (SCORE - MEAN(D))**2

"FOR L = 2:TO SUMM

INPUT #3,AS
D = VALUE(STRS$(AS,2,2))
SCORE = VALUE(STRS(AS 9,LEN(AS)-8))
DEV(D) = DEV(D) + (SCORE - MEAN(D))**2
NEXT L . .
FOR C = 1 TO 19 ! Y
IF TOTAL(C) = 0 THEN GOTO 1170
STDDEV(C) = SQR(DEV(C)/(NUMSCORE(C)-1))
NEXT C
CLOSE #3

PRINT"CALCULATING ZSCORES FOR EACH CLASS”
OPEN #8,'-ASCORES2’',INPUT

INPUT 4#3,AS

BS = STR$(AS,1,8)

‘D= VALUE(STRS(AS 2,2)) '

SCORE = VALUE(STRS(AS 9, LEN(AS) 8)) ) .
ZSCORE =- (SCORE - MEAN(D))/STDDEV(D)
BS = BS + VALUES(ZSCORE)
FORMSS s ™## #4844 4800887 T ..
PRINT #4,USING FORMSS,BS :
FOR L =2 TO SUMM
INPUT #3,AS
BS = STRS(AS,1,8)
D = VALUE(STRS(AS,2,2))
SCORE = VALUE(STRS(AS,9,LEN(AS)-8))
2SCORE = (SCORE - MEAN(D))/STDDEV(D)
1F ZSCORE > 0
IF ZSCORE < !
CORRANSS ="0"+VALUES (ZSCORE)
BS = BS +CQRRANSS
GOTO 1630
ENDIF
ENDIF
BS = BS +VALUES(ZSCORE)
PRINT #4,USING FORMSS,BS.
NEXT L
CLOSE #2
CLOSE #3
CLOSE #4

S

f

\\ ]
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01800
02000
02005
02010

" 02020

02030
02040
02050
02060
02070

02080

02090
02100
021
0212
02130
02140

02150
Q2160 .

02170
02180
02190
02200
02210
02220
02230

02240 .
" 02260
02270

02280
02290
02300

02310

02320
02330
02340
02350
02370
02380

02390 .

02400
02410
02420
02430
02440
02450

02460~

02470
02480
02490
02500

02510 .

02520

NEXT J
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DIM- INSTOTAL(3),INSDEV(3), INSMEAN(39 INSSTDDEV(3)

PRINT" CALCULATING ZSCORBS FOR QACH ngTITUTION"
INSNUMSCORE(3)

"OPEN #2,'-ASCORES3', INPUT

OPEN #4, ' -ASCORESS5',OUTPUT \
FOR J=1 TO SUMM ;
INPUT #2,AS .
1F STR$(A$ 1,1)<>"
C = VALUE(STRS(AS 1,1))
LLSEIF STRS(AS,2,1)<>" " o
C = VALUE(STRS(AS 2,1)) )
ELSEIF STRS(AS,3,1)<>" "

C = VALUE(STRS(A§,3,1)) ..

ELSEIF STR$(AS,4,1)<>" L

C = VALUE(STR§(A$,4,1))
ENDIF
NEWSCORE = VALUE(STRS$(AS,9,9))
INSTOTAL(C) = INSTOTAL(C) + NEWSCORE
- INSNUMSCORE(C) = INSNUMSCORE(C) + 1

FORC = 1 TO 3
IF INSNUMSCORE(C)'= 0 THEN GOTO 2220
INSMEAN (C) « INSTOTAL(C)/INSNUMSCORE(C)

__ PRINT "C AND INSNUMSCORE(C) ARE";C, INSNUHSCORB(C)

NEX™ C
OPEN #3,'-ASCORES3’, INPUT
rNPUT #3 AS

“%: 1)<>n L]
D = LQE(STRS(AS,I,I))
ELSEIF ,STR$ (A§,2,1)<>" T~
D & VALUE(STRS (AS,2,1))
ELSEIF STRS(AS,3,1)<>" " _
Y = VALUE(STRS (AS,3,1))
ELSEIF STRS(AS,4,1)<>" "
D = VALUE(STRS (AS,4,1))
ENDIF
SCORE = VALU?NSTRS(AS ,9,LEN(AS)-8))

INSDEV(D) = INSDEV(D) + (SCORE - INSMEAN(D))**Z

FOR L = 2 TO SUMM \

- UT #3,AS . .
I§<§TR$(A$ 1,1)<>" " ) .

D = VALUE(STRS(AS 1,1))
ELSEIF STRS(AS$,2,1)<>" "

. D = VALUE(STRs(As,2,1))

ELSEIF STRS(AS,3,1)<>" " .
D = VALUE(STRS(AS,3,1)) ., *
ELSEIF STRS(AS,4,1)<>" " .
D= VALUE(STRS(AS 4 1))
ENDIF
SCORE = VALUE(STRS(AS,9,LEN(AS)~- 8))
INSDEV(D) = INSDEV(D) + (sconz - INSMEAN(D))**Z
NEXT L
FORC = 1 TO 3

®




.
02530
02540
02550
02560
02570
02580
02600
02610
02620
02630
02640
02650
02660

2670

02680
02690
02700
02710
02720
02730
02740

02750

02760
02770
02780

02790

02800
02810
02820
02830
02840
02850
. 02860
02870
02880
02890
02900
02910
02920
02930
0294Q
02950
02960
02970
02980

02985 «

02990
02992
02993
02995
03000
03010

03020

" ELSEIF STRS$(AS,2,1)<>" "

1F INSTOTAL(C) = 0 THEN GOTO 2550 ’ \\
INSSTDDEV(C). = SQR(INSDEV(C)/(INSNUMSCORE(C)-1))
NEXT C - )
CLOSE #3
OPEN 43, '-ASCORES3' INPUT »
INPUT #3 AS . -
BS = STRS(AS 1,8) ¢
IF-STRS(AS, ! 1)<>' "
D = VALUE(STRS(A$,1,1))

D = VALUE(STRS(AS,2,1)) -
ELSEIF STRS$(AS,3, 1)<>" "
D = VALUE(STRs(As 3,1\

‘ELSEIF STRS(AS,4,1)<>" "

« D= VALUE(STRS(AS 4,1)) '
ENDIF

SCORE = VALUE(STRS(A ,9,LEN(AS)- 8))

2ZSCORE = (SCORE - IN MEAN (D) /INSSTDDEV(D)
BS = BS + VALUES(ZSCORE)

PRINT #4,USING FORMSS,B§

"FOR L = 2 TO SUMM

BS = STRS(AS,1,8)
IF STRS(AS,1,1)<>" "
D = VALUE(STRS(AS,1,1))
'“ELSEIF STRS(AS, 2, 1)<>" " .
D = VALUE(STRs(As 2,1))
ELSEIF STRS(AS,3,1)<>" "
D = VALUE(STRS(AS 3,1))
ELSEIF STRS(AS,4,1)<>" " )
‘D = VALUE(STRS(AS 4,1))
ENDIF .
SCORE = VALUE(STRS(AS 9,LEN(A%)-8)) ,
2SCORE = (SCORE - INSMEAN(D))/INSSTDDEV(D)
IF ZSCGRE > 0
* IF ZSCORE < 1
CORRANSS ="0"+VALUES(ZSCORE)
B$ = BS +CORRANSS

GOTO 2960
+ ENDIF
ENDIF - ; )
BS = BS +VALUE$(ZSGORE) _
PRINT #4,USING Fonnss ns .
NEXT L . .
CLOSE '#2 ,
CLOSE #3 o L.

CLOSE #4 -

PRINT "CALCULATING ZSCORES FOR WHOLE STUDY"
OPEN #2,'-ASCORESS', INPUT )

OPEN, #4, '-Azscoasss' OUTPUT - .

FOR J=1 TO SUMM -



: hp . 99
03030 INPUT #2,X$

03040 NEWSCORE = VALUE(STRS(AS 9,9))"
03050 . TOTAL = TOTAL + NEWSCORE
03060 NUMSCORE = NUMSCORE + 1

03070 NEXT J

03080 MEAN ‘= TOTAL/NUMSCORE .
03100 OPEN #3,'~ASCORESS', INPUT - .
03110 INPUT #3,AS ~

03130 SCORE = VALUE(STRS(AS 9,LEN(AS)-8)) ’

03150 DEV = DEV + (SCORE - MEAN)**2

03160 FOR L = 2 TO SUMM

~

03170 : INPUT #3,AS
03180 SCORE = VALUE(STRS(AS 9,LEN(AS)-8))
03190 DEV =,DEV + (scoas - MEAN)**Z

03200 NEXT L

03210 STDDEV = SQR(BEV/(NUMSCORE- 1)

03220 CLOSE #3

03230 OPEN #3,'-ASCORESS', Inpuf .

03240 INPUT #3 AS

03260 g 2~ STRS(AS, 1,87

03270 SCORE = VALUE(STRS(AS 9,LEN(AS)-8))

03280 ZSCORE = (SCORE - MEAN)/STDDEV

03290 - +BS = BS + VALUES(ZSCQRE)

03300 PRINT #4,USING: FORMSS,BS

03310 FORL = 2 TO SUMM ’ . -
03320 \ INPUT #3,AS ~

03330 BS = STRS(AS 1,8)
03340 SCORE = VALUE(STRS(AS 99LEN(AS)-8))

. 03350 * ZSCORE = (SCORE - MEANY/STDDEV «
03360 IF ZSCORE > 0 o
03370 .« 1IF zsconz <1
03380 ‘ , © CORRANSS ="0"+VALUES (ZSCORE)

03390 BS = BS +CORRANSS. :

03400 . GOTO 3440

03410 ENDIp\

03420 ENDIF

03430 BS = BS +VALUES(ZSCORE) ) ‘

03440 PRINT #4,USING FORMSS,BS ) »

03450 NEXT L
END
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Cell Means,
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ERIC .

Aruitoxt provided by Eric



ERIC

Aruitoxt provided by Eic:

"

Cell Means,‘Variénce, ahd Standard

7

Deviation for PPEM and FETE

~A

Ve

{

4
OLIN

217122
s9197a,
124626
326G63
§69506
211612
319088
224381
420357

1 <2 ‘3
cLAR TPT PIANO vt
r
1 -0 093367 -o.cgptac -0 078C0¢  -0.
2 -0.728841 -0 2017281 :0.180307 -O.
3 0.034976 -0 0S4967 O 373%90 O
. -0.190111 -0.438849 O.182336 0.
s -0.3%7180 -0 223287 -0.093314 0.
P -0 202091 -0.57748%0 0:096C6! -O.
7 ,0.340628 0 223819 0.620512 O.
s 0.32303% 0.328169 0.618532 O.
9 0.3827%8 0.306526 0.%10326 O.
CELL N FACTOR LEVELS
. PPEM FETE
1 22 - 1
2 12 1 2
3. s 1 @ 3
P T 2 1 NN
s 30 ‘2 2
s 33, 2 3
7 22 ‘ 3 '
s 29 3 2
9 a3 3 3 -
~
TOTAL Ne 212,
VARTABLE VARIANCE
. (ERROR MEAN SQUARELS)
! 1 CLAR " 0.86%00%
2 TPT 1,08%91%
. 3 P1aNO 0.682451
4 VIOLIN 1.127%37
. s XYLO 0.8%0%96
§ .SYNTH 0.902126
.
LR
1:
~ i3
h v

]
XYLO

)
-0 183962
-).179510
) 0 262914
-0.199!74
-0.191807
-0. 1239§6
0.519422
0.493131
0.381271

SYNTH

9.
-0.

-0

-5

-0.
-9.

0
o
ke

283301
5830371
291297
. 178917
27%52%6
262738
.451820
.4508C2
.47%596

STANCARD DEVIATIOM

0 9301
1.0421
0.8261

*1.0619
- 0.9223
0.9498

»
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’ Cell Means, Variance, and Standard Deviation for MAJOR
. OBSERVED CELL MEA;X R
1 l 2 3 8 s 6
N CELL N CLAR TeT PIANO VIDLIN XYLO SYNTH ~
. .
1 1§ <-0.35313¢ -0 39954% -0.016087 -0.557783 -0.109475 -0 188768
2 18 -0.478090 -0 $22879 -0.1750%0 -0.586022 -0.596281 -0.S802€87
3 73 0.2%2929 O0.183662 O 449624 0.2731%9 0.368608 0.316087
. 4 19 0.0%1041 -0.031357 0.267674 -0.099400 0.30060! -0.142131
(S 73 -0.190%09 -0.3639%0 0.138231 -0.2857%6¢ -0.15%6!3 -0.134370
TOTAL N= 218 & - X
. \
. VARTABLE . VARIANCE STANDARD DEVIATION CL-
(ERROR MEAN SQUARES) .-
1 CLAR 0.877934 0.9370 ,
2 TPT 1.095814 1.0468
i 3 PIANO 0.717908% 0.8473
. 4 VIOLIN 1. 150263 1.072%
8 XYLO 0.819196¢ 0.90%4
t 6 SYNTH 0.9%2603 0.9760
. » a
»
. B .
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