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This paper reports an investigation ¢f the rerception of tonal sequonces which
are generated in variaus ways. A nurber of previous studies have relied on
an 'Inforrarion Theory' description i tonal SEGuEnces wherchy percepticn is
governed by ‘redundancy'. The latter is a asure of the Sifferential prehab-
ilicy of intervals and notes, tie more everiy these prokztilities are distrik-
utez the lower the redundanc Percertyal 3ifferencss besweer melolies whiek
cceur in rmusic and other tonal sequences are trerefore ettrikutel to the k

er

redundancy of the former. {See Davies, 1978 fer a reviowl . An alternative vie

in presenteld here, which is that melodies which orgur in -~
in characteristic ways. We ask wherher there are perLer
betweern tonal seguences which obey these constrzints ani
having equated the sequences for 'redundancy’.

ic are « Lraine:
al differcrces
hose which de ngt,
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Tre change in pitch from note te note te: n
cultures. This may be kecause larac intervals 15 t LI

are alse perceptual reasons : Tenal saguences sani in
terms of the pitck range which they eccupy. es w Suilustive
citch intervals are heard to 'separate', that is, they are 3 as 2
Fingle ‘coherent’ melody. (See Ceutsch, 1978 for a roview)

llere we uss p to refer to the pitch of
"middle C'. Thus the ncte T4 ag e=l,
rhanze in ;:t¢h from note Lo nete thus

ot melodies certain piton values,
an others. Mary authers {e.5. Helrholitn,
s Lecavse such melodics are Jdesi to bf acuompa
ur melcdies, that is to be hareenised., “ertain astos
crasidered conpatilble when played teoutler, <-hers iwsa oo, Compatitiv pairs
are s2id to be ‘conscnant'. The soale is 2 sct of notes frog which a Ligh
rnunber of censonant palrs may be drawn, thereby facilitating harmeny.

s

Kameokz and Kuriyagawa (19€%} measured perceived ‘evnszarance’' for pairs of notzs
differing in pisch separation. Thoy found ceasonance maxirca and minima at
different pitch separations. Thase variations were mest aumcrous for sounds
containing a nuaber of 'harmonics' (fregquency components of integer muitipics
of scme lower 'furdamental freguencyl. That is for saande such as thote gener-
ally used in music. Consonance peaks ecocur at particular ratics cf the
fundamental frequencies of the note pairs, ccst clearly at 2:1, 2.3, 1:5 and
174 for scunds with 4 or rere harmonics. These valucs arc concistent with a
psychoaceustic explanation cf conscnance, based on the scosation cf *roughress’
genevated Ly nen-gverlapping harmeonics which the par foi to resolve
(Terharde, 1978).
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Pitches separated by the ratioc 2:1 (the 'octave') are said to differ in pitch
'height', but are given the same name in wusic (e.g. 'C'), they are said to
have the same ‘chroma’. (See Idson and Massaro, 1978, for a review of evidence
for the perceptual salience of chroma). The equal temperament tuning systen
divides the octave into twelve logarithmically equal steps (semitones). These
chroma values are labelled (starting from C in this example) C, C# , D. D# .,
E, F. F#4 G, G#, A, A#, B, and back to C. 0Of these the 'diatonic' scale of
¢ comprises C, D, E, F, G, A and B. According te Jeans (1937) the diatonic
scale values originally arose by adding successive "5ths" to the basic note.
The f£ifth refers to the consenant ratlo 2:2 and is approximately 7 equal
temperament semitones {e.g. C te G or D to A}. Thus, starting from C, the
chroma of the next 5th is G. The chroma of the 5th above G ia D; the next is
A and 80 on. The entire ‘progression of 5ths' is :

Chroma : . .F, €, G, D, A, E, B, F#, CH, G¥, D¥ ., A# ., F, C, G etc.
g value -1, 0,1, 2, 3 4,5, 6, -5 -4, =3, -2, -1, 0, 1 etc.
{(keynote

<)

Thus consonant pairs of notes are close together aleng this ‘dimension’. The
ratios 3:2 (5th) and 2:1 [octave) are incommensurable so the equal temperament
Sth (seven semitones) is not a perfect 23:2 ratio. However, this slight
‘retuning' does not destroy the perceptual differences between consonant and
dissonant note pairs thanks to the broadness of the censonance maxima reported
by Xuriyagqwa and kKawashima (loc.cit.}. Longuet-Higgins (1976) refers to
¢chroma values measured along the preogression of Sths as 'sharpness’ values,
numerically denoted by an integer, q. The value of g depends upon the keynote
cf the piece, those for C are shown above. HNotice that here the value of q is
restricted to the range -5 to 46 relative to the keynote.

The key of a melody refers to the particular diatonic scale on which it is
based. MAccording to Longuet-Higgins {loc.cit.) Key has important perceptual
significance being the basis for conceptualising the relationships between the
musical intervals of the melody. This theory is in the form of a computer
program which assigns key to a melody from information about the pitch (p}
values of the notes. The program takes advantage of the fact that 'Western'
melodies rarely change key, and that while they remain within a key, certain
constraints are ocbeyed. One of these refers to the transitional probabilities
governing the succession of chroma values, and is that the change in q from
note to note, 4g, is likely to be small, specifically less than 6, with the
higher 8q values being less probable. Two transitional rules are also used:
The first refers to ascending semitones where the second note of the interval
has a g value of 2, 3, 4 or 5. In these cases the g value of the first note
of the interval is 5 units higher than the second note value. The other rule
is that high &g values will not occur in adjacent intervals.

A tonal sequence which obeys the foregoing constraints is therefore expected
to be more like a melody which occurs in music than tonal sequences constrained
in eother wavs,

A cunpulca program was written of - generating constrainéd tonal sequences. An
initial stage generates a seguence for p values in the range #12. Information
concerning Sp, 6a and q probabilities is supplied to the program, q values
being assigned taking p=zero as the keynote. Differently constrained sequences
are cbtained by using two different forms of these probability distributions,
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For example, a sequence with small piteh jumps is produced by supplying a
distribution where low &p values have a high probability and vice versa. An
egually and oppositely constrained sequence is produced by symmetrically
inverting this distribution. In this way it is possible to produce sequences
which are egual in their ‘redundancy' but which differ in their presumed
sipilarity to melodies which occur in music. Notice that because transitional
prebabilities are considered in two cases, the probability of the next note

te be generated depends upon the value of the current note. (The initial
current note is always p=zero). Thus for each constraint the program
constructs probability distributions for each of the 25 possible ‘current
notes', each of which contains probability values for all 25 possible 'next
notes'. A single set of distributions is then computed by multiplying and
normalising across the three constraints. It is therefore possible to generate
tonal sequences with different combinations of the two values of each constraint,
i.e. B possikilities.

The next stage of the program generates seguences of p values using a random
number generater and the appropriate probability weightings. This stage alsc
implements the two transitional 'rules'. When low fg values are more probable
the g values used in implementing the rules are 'correct', whereas when high
&q values are more probable, incorrect values are used, vValues for the latter
were chosen which were not significantly correlated with the true values.

The final stage of the program simply adds a constant to the P values generated,
bringing them into the range 1 through 88. These numbers correspend to the
notes of a piano keyboard numbered successively from lowest to highest pitch.
Thus, to generate a sequence having a 2 octave range around ‘'middle C', 40 is
added to each p value.
Perceived 'melodiousness’ was psychophysically scaled for differently
constrained sequences using Thurstone's 'Method of Paired Comparisons'

(cf. d'Amato, 1970). On each trial the observer hears two sequences success-—
ively and indicates which is the more melodious. All sequences were 21 notes
in length, starting and finishing on the same note {p = zero of the initial
stage). The presentation rate was an even tempo of 4 x 1/4 second leng notes
per second with a one second pause between sequences. The notes were pulse
trains with the fundamental frequency and all harmenics up to the 2kHz cut-off
of a low-pass filter. The notes were tuned to the equal temperament values
with a maximum error of 0.4% at the higher pitches. Sensation level was
approximately 30dB in a quiet booth. A short piece by Bach (the 'Musical
Offering’, see Longuet-Higgins, loc.cit.) and an unconstrained random seguence
type were added to the B previously mentioned giving 10 sequence types in all.
Each member of this set is paired with every other in both possible orders,
9iving 90 comparisons for each of the 20 observers. The scale score is given
by the probability of a sequence being judged more 'meledious', converted to a
parametric 'z score'. The same sequence was never used more than once [with
the exception of the Bach piece) meaning that 9 constraints x 18 comparisons x
20 observers = 3,240 sequences were computed for the experiment. Thus,
variables such as 'contour', overall note range and so on, are completely
raridomised and their contribution to any systematic effects may be discounted.
The central note of the range was also randomised being 'middle C* + 5
semitones, this avoids any systematic effects due to absclute pitch_ﬁalueb.
Different random orders of prescntation were used for each of the cbservers.
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The cbservers had had some musical education, but not beyond secondary schocl
level. A computirmg system based on a PDP-8 computed the sequences, ran the
experiment and analysed the data.

The across Subject mean melodicusness scores varied from 2 = +1.0 for the Bach
plece down to 2 = -1.0 for the random notes. The remaining B sequences types
gave varying mean values within this range. The latter were analysed by a
3-way analysis of variance with two values ('melodic' versus 'unmelodic') for
each factor (8p, Bq and gj. The null hypothesis is that because these seguences
are equally redundant there will be no systematic differences between thelir %
scores, which will appreoach zero. We found reliable main effects for all three
constraints with the ‘more melodic' values of each factor being judged signif-
icantly the more meledius. (For 6p; F(1,159) = 116.0, p<0.001. For g; F(1,159)=
66.2, p<0.001. And for &g F(1,159) = 5.15, p< 0.05). There was also a
significant interaction between the q and §g factors (F(1,15%} = 6.26, p< 0.0%)
and inspecticn of the data reveals that the effect of &g is only okserved when
the notes of the diatonic scale are mere probable (i.e. for the 'melodic' value
of the q factor).

The observed effectiveness of each constraint offers support for the a prieri
arguments. Indeed, the reasons given for ‘scale' and 'key' are closely related,
and this relationship is reflected in the interaction of these factors percept=
wally. That is, a clear key orientation is only effective for sequences suff-
iciently populated with notes of the diatonic scale. Information Theory dees
not provide an adequate account of the present findings; Interactions between
perceptual, physical and cultural contingencies need teo be considered. Similar
shortcomings of the Information Theory approach to perception have been noted

in other contexts. (see Corcoran, 1971 for a review).

Some caveats should be noted : The ceonstraints discussed here are not seen as
deterministic, rather as part of a framework in which creative rmusicians may
operate. Furthermore, not all rusicians will necessarily see music in these
verms, {although many of them do according to Longuet—Higgins, loc.cit.).
Finally many other constraints need clarification before a full formal descrip-
tion of melody is possible, and the possible interactions between these factors
and those investigated here should be noted. However, the present results do
demonstrate that it is possible to 'resynthesise' some degrees of approkimation
to melodies which ocecur in music from a formal representation of just three
rather general constraints.
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