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APPENDIX1 

PERFORTMANCE RULES 

Excerpts from Sundberg, Johan, The Sdence ofMwical Somnds, pp. 221-226. All Italics 
are from the researcher. 

"We just mentioned that a verbatim realization of the music score, faithful, down to 
the last millisecond, does not result in a musically acceptable performance. Rather, 

the performance sounds machine-like (which it, of course, isD. This shows that 

muddans per orm mudc such that, for exampk, the dmm&oxs of the tones deviate fiom their 
nowýid vahves ii the scorr. These dedafiow are opi w1led eV? rsjrx. They are sometimes 
minute, sometimes great, but it seems that an attentive listener always can hear 

them in some sense. But first of all they are meaningful. For this reason we wM caU 

, g(ml dedadons. them weattin 

Thus, these meanijg(ul deviadenr cannot be irplaced ýy random variatioar This is not very 
astonishing as it really means noffýing more than ffiat musicians cannot be replaced 
by random functions. These meaningful deviations from the nominal description 

given by the score represent an important and interesting part of the science of 

, gless deviadons, musical sounds. And, of course, thy arrfar more intarakS than the meanin 
which occmr ýy acddent, when the mWidaflfailS to emme Lis or her intenfions whexp4ging. 

It seam clear that the meaningful deviations are made according to certain 
principles, and at present it is difficult to see how general these principles are. 
However, it is obvious that a musician is by no means free to invent any principles 
he or she would like, because listeners would be unable to interpret new and freely 
invented deviations and would hence find them meaningless, i. e., a sign of poor 
playing technique. ... 

Tiv rmks appear to serm two main mmm*alpkiposer & 
. 
ffeirx, 6afion of pitch and &ff ation 

caterms, andgmmpiq of fonts tha mmica4 belong together. 

The differentiation is facilitated by enhancing the differences between categories. 
For exampk, hi 

, gh notes arr played somewhat shaip and bw notes wr played somewhatflW, thus 
iflmadýg the &ffmnces between the pitch cAgones. At The same fixe, the &-laws ayr a &Ie 

sArtebed Fmither, shod notes are pbyed a httle shorter than norwd and kng notes a bit knSer. 
Another example is that the difference between dotted quarter note plus eighth 
note in two-fourth time, and quarter note plus eighth note in three-eighth time, is 
increased by taldng some duration Erorn the long note and adding it to the following 

shorter in three-fourths (or halves) tirne. nus, in this particular durational. context, 
the short notes are lengthened. 

Wbem kkning to computen pWmg mmsic; one ahnost knds to be Sffejw&d ýy As IoAd lack of 
mudcal undentandug, and pad of what is fell to be miaitg is Me phrajin hem musm it gW 
perfomed milhout consideradom of the pbrase struamm, The result soundr overly sApid and 
mensiftme This jiggests that we are used to heating phrase markimg sm perfomance, qppimnfýy 
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because mAsidans ah; Ts insert them in their perfirmances. Thýs rnarking of structure occurs 

at different structural levels. 

... In a similar way, Clynes advocated the assumption that &fferrnt compofers mwt be 

played x4th compoxer-*edfic dumfional barpattems. This is probably true although not for 

all music. For example, many composers, particularly during the Baroque and 
Classic eras, often play little musical games by moving the perceived bar lines 

around so that they do not always match those given in the notation. Also, grouping 

occurs not only within but also across bars. Some rules move tones belonging 

together closer in time and vice versa, and this would apparently violate a rigid 
durational bar pattern. 

It is also interesting to see in what way and when emphasis and its opposite 
deemphasis are used in music. What is it that needs emphasis? To predict this with 

respect to pitch classes, the old classical circle of fifths turns out to be a key. The 

farther away from the root of the chord a tone is located on the circle of fifths, the 

more emphasis it appears to need in the performance.... 

A melodical, ý charged note is lenTthened and is played louder and, if posnble, adth more zibralo. 

Phrase endings are marked by a lengthening of the final tone or tones, and 
subphrase endings are marked by rrucropauses. 'Mis is, in fact, exactly the same 
code as is used in speech! In sentences the last syllables are lengthened, and small 
pauses are inserted after smaller groups of words. Also with respect to emphasis 
marking, there arc strong parallels with speech. Important events are lengthened in 
both cases. In music not much can be dome with pitch, but the depth of the vibrato modulatioir 
can be inmased, provided The instrument allows it. 
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APPENDIX 2 

HARMONIC SPECTRA 
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APPENDix3 

IMAGES OF THE EXPERIMENTAL WORK 
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RECORDING SESSIONS DIAGRAMS 
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APPENDIX 5 
5- LARYNGOGRAPH AND ELEGrRODES 

Extracts from Laryngograph Limited information leaflets about the Laryngograph: 

"Me laryngograph is a practical instrument which his been designed to allow vocal 
fold closure to be monitored, most notably giving a basis for the measurement of 
aspects of vocal fold vibration which occur during voiced sounds. The device 

operates by sending the electrical conductance between two electrodes which are 
placed superficially one on either side of the neck of the speaker at the level of the 
larynx. Each gold-plated electrode consists of an inner disk surrounded by an outer 
guard-ring and these are held in position by means of an elastic neckband. The 
laryngograph monitors the varying electrical conductance between the electrodes in 
terms of the current flowing between them on application of a constant voltage. Its 
output waveform (Lx = Larynx excitation) gives this current flow as a function of 
time. Current flow will be at a maximum when the vocal folds are in contact, and at 
a minimurn when they are apart - this point is basic to a proper understanding of 
device operation and subsequent Lx waveform interpretation. Acoustically, the 
closure of the vocal folds produces the main pulse of excitation in each larynx 
cycle. " - La7ffgosraphic asresswnt of iYormal wice. a futwial, by Evelyn IL M. Abberton, 
David M. Howard and Adriaa J. Fourcin, in C&icallilrides 6- Nofledes, 1989, vol. 
3,281-296. 

'qhe Laryngograph is an electro-Oottograph that makes possible the examination 
of vocal-fold contact, rate of vibration and regularity during voice production, and 
without interfering with the processes of speaking or singing. Two gold plated 
elect-odes are lightly placed on the speaker's neck at the level of the thyroid 
cartilage- 

Pitch extraction ftom the Laryngograph waveform is particularly reliable, as the 
waveform is unaffected by vocal tract resonances and environmental noise. 'Ms 
makes possible precise synchronisation of a stroboscopic light source on a period 
by period basis, without the need for averaging the fundamental frequency over a 
number of periods. 

'Me Laryngograph has been supplied to speech scientists, speech therapists, hearing 
clinics, ENT departments, phoneticians, foreign language teachers and singing 
teacher throughout the world since 1974. " 

LARYNGOGRAPH AND ELECrRODES 
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Laryngographs 

Speech and Laryngograph systems 

Laryngograph Ltd Tel: +44. (0)171 ý387 7793 
1 Foundry Mews London NW1 2PE, U. K. Faxý +44. (0)171.383.2039 
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card and PCwave software 
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APPENDix 6 
6.1 - SOUNDSCOPE INSTRLTAMNTS 

Some extracts from the SoundScope User's manual arc presented to describe the 
basic functions and building blocks of the software. 

"SoundScope was created to help you record, analyze, manipulate, and play speech 
and other sounds. Both recorded sounds and the sound calculations are stored in 
the computer as waves. Specific time values in a wave may be indicated by markers 
that can be moved with the mouse. The waves and markers are shown on the 
screca in rectangular areas called displays. Ile number, size, type and layout of 
displays is completely controlled by the user. There are four types of displays, listed 
below. 

Wave Plot shows the timewave (voltage as a function of time). 

Analysis shows a Spectrograrn, LPC History, Horizontal Spectral Slice, Long-term. 
Average Spectrum, To (fundamental frequency), jitter, Shimmer, HNR (Hamumic- 
to-noise ratio), Envelope, Energy, Zero Crossing rate, Spline, or LPC Residual. 

Snapshots shows a dose-up of the timewave at a specific point in time, showing 
either a 10,20,50 or 100 msec window, or an "instantaneous" FFT (Fast Fourier 
Transform), LPC (Linear Predictive Coding) or CcpsmunL 

XY Plot shows a wave plotted against another wave (e. g. Fl vs. F2), rather than as 
a function of time 

SoundScope also features integrated text editors called journals... 

Waves, markers, displays, and journals can be combined like building blocks to 
create software instruments. A few prc-defined instruments have been included 
with SoundScope. You can use these as is, customize them to suit your specific 
needs, or build new instrument from scratch! ' (Pages 2-1 to 2-2) 
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6.2 - SOUNDSCOPE OBJEGrS 

The SoundScope objects are: 

" Waves - they are used to represent real world continuous data as a list of values, 
which when plotted, produce a waveform. Their values (voltage as a function of 
time) can be accessed and edited in a spreadsheet-like environment. Waves can 
also be manipulated in many ways. 

" Displays - used to view waveforms and perform calculations. Each display con 
contain up to 8 waves. There are four display types: Wave plot, XY plot, Analysis 
and Snapshot 

" Markers - are used to mark a time in a wave or display. A pair of markers may 
define a segment of a wave. A wave may contain as many markers as necessary. 

" Journals - are text regions that are used to enter, view and edit text in a similar 
way it is done in a word processor. It can operate in one of two modes: word 
processor or spreadsheet. 

" Menubars - they can be redefined at will. 

" Instructions - are the building blocks used to create tasks. There are over twenty 
kinds of instructions, each of which is used to perform a specific function. 

" Tasks - Little program sequences that perform a series of operations when run, 
like it happens with macros in other programs. Ile tasks are built with 
instrucfions. 

" Strings - they hold a series of characters of any length 

" Variables - are used to hold one 32-bit floating-point value. 

6.2 - SOUNDSCOPE OBJECrS 
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6.3 - FUNDAMENTAL FREQUENCY (FO) 

"Fundamental frequency (176) corresponds to the rate of the speaker's vocal cord 
vibration. This vibration appears as a periodic component in a speech waveform 
whose frequency varies over time. Naturally, the fundamental frequency can only be 
evaluated during voiced intervals. Fundamental frequency is deterrx-jined using either 
an auto-correlation technique or a peak-picking algoridun, as specified in the Fo 
Setup dialog box. 

... Ihe peak-picldng algorithm identifies the individual cycles in the source wave in 

order to calculate the fundamental frequency. The technique used is described in 
Gold, "Computer Program for Pitch Extraction. " JASA, 34(7)1. Ile peak-picldng 
algorithm produces a sequence of pitch values, one value for each pitch period. 
Variations in pitch cause this sequence of numbers to be spaced somewhat 
irregularly in time. 

Both pitch-tracldng techniques limit their search for pitch values to the pitch range 
specified in the Fo Options dialog. Gaps appear in the Fo plot in those regions in 
the source wave where no pitch has been detected in the pitch range. " (Pages A-8 
to A-9) 

I The awxt rtkunm ir 
GOID, R 0962). CoffTuterproomn "chccbacdmjwmitfdrAxAcufaiS#4*LfAwtio 
34.916-92L 
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6.4 - SOUNDSCOPE SAMPLE 
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APPENDIX14 

14 - SOUND ExAmPLEs-AcousTic CD 

1. Harmonics 
pus - equal temperament 2. Ave Verum Cor 

3. Ave Verum Corpus - Pythagorean intonation 
4. Ave Verum Corpus - meantone temperament 
5. Ave Verum Corpus - just intonation I 
6. Ave Verum Corpus - just intonation 11 

pus - first phrase, Pythagorean intonation 7. Ave Verum Cor 
pus - first phrase, meantone temperament 8. Am Verum Cor 
pus - first phrase, equal temperament 9. Ave Verum Cor 

10. Ave Verum Corpus - first phrase, pure intonation 
11 - Ave Verum Corpus - second phrase, Pythagorean intonation 
12. Ave Verum Corpus - second phrase, meantone temperament 
13. Ave Vemm Corpus - second phrase, equal temperament 
14. Ave Verum Corpus - second phrase, pure intonation I 
15. Ave Verum Cotpus - second phrase, pure intonation II 
16. Ave Verum Corpus - third phrase, Pythagorean intonation 
17. Ave Verum Corpus - third phrase, meantone temperament 
18. Ave Verum Corpus - third phrase, equal temperament 
19. Ave Verum Corpus - third phrase, pure intonation 1 
20. Ave Verum CoiPus - third phrase, pure intonation II 
21. Ave Verum Corpus - fourth phrase, Pythagorean intonation 
22. Ave Verum Corpus - fourth phrase, meantone temperament 
23. Ave Verum Corpus - fourth phrase, equal temperament 
24. Ave Verum Corpus- fourth phrase, pure intonation 
25. Ave Verum Corpus - fifdi phrase, Pythagorean intonation 
26. Ave Verum Corpus - fifth phrase, meantone temperament 
27. Ave Verum Corpus - fifth phrase, equal temperament 
28. Ave Verum Corus - fifth Phrase, pure intonation 
29. Royal Academy of Music singing quartet's acoustic signal 
30. Royal Academy of Music singing quartet's larinx excitation signal 
3 1. The BBC Singers' acoustic signal 
32. The BBC Singers' larinx excitation signal 
33. Royal Academy of Music singing quartees replication - first phrase 
34. Royal Academy of Music singing quartet's replication - second phrase 
35. Royal Academy of Music singing quartees replication - third phrase 
36. Royal Academy of Music singing quartees replication - fourth phrase 
37. Royal Academy of Music singing quartees replication - fifth phrase 
38. The BBC Singers sections' replications - first phrase 
39. The BBC Singers sections' replications - second phrase 
40. The BBC Singers sections' replications - third phrase 
41. ýhe BBC Singers sections'replications - fourth phrase 
42. The BBC Singers sections' replications - ffth phrase 
43. The BBC Singers sopranos' replications - first phrase 
44. The BBC Singers sopranos' replications - second phrase 
45. The BBC Singers sopranos' replications - third phrase 
46. The BBC Singers sopranos' replications - fourth phrase 
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47. Ihe BBC Singers sopranos' replications - fifth phrase 
48. Ihe BBC Singers altos' replications - first phrase 
49. Ile BBC Singers altos' replications - second phrase 
50. The BBC Singers altos' replications - third phrase 
5 1. Ihe BBC Singers altos' replications - fourth phrase 
52. The BBC Singers altos' replications - fifth phrase 
53. The BBC Singers tenors' replications - first phrase 
54. The BBC Singers tenors' replications - second phrase 
55. The BBC Singers tenors' replications - third phrase 
56. Ihe BBC Singers tenors' replications - fourth phrase 
57. Ihe BBC Singers tenors' replications - fifth phrase 
5 8. The BBC Singers basses' replications - first phrase 
59. The BBC Singers basses' replications - second phrase 
60. The BBC Singers basses' replications - third phrase 
61. The BBC Singers basses' replications - fourth phrase 
62. The BBC Singers basses' replications - fifth phrase 
63. The BBC Singers' replications (all individual singers) - first phrase 
64. The BBC Singers' replications (all individual singers) - second phrase 
65. The BBC Singers' replications (all individual singers) - third phrase 
66. Ihe BBC Singers' replications (all individual singers) - fourth phrase 
67. The BBC Singers' replications (all individual singers) - fifth phrase 
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