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PERCERTICN OF TeE TIMSRE OF MUSICAL INSTRUMERTS
R. SHEFHERD £)D P.J. STMPZIDH

UHIVERZITY OF SURREY -

Timbre has been cescribed as the property which differentiates sounds of eguel
loudness, pitch enc duration f(e.g. American Standards Asscciatiaon), and this
lack of a clear definition has probebly led to less empiricel work on the
perception of timbre compared with either loudness or pitch. Ploms (1970)
reviewing this literature concluded that little progress has been made in the
previous hundred years. This may in part be due to the difficulty of analysing
the physical signal,but the lack of mathods of dezling with psychophyeical
relationahips 1s protably more important. With the edvent of rultidimensional
scaling procedures [Shepard, 1562) and eacy access to cotzuting facilitieswork
in this area has Increased during the last ten yeare. Physical cheracteristics
which are seid teo leed to differences in the perception of timbre include
changes 1n the steady state spectrel energy, the phase of the components, and
temporal variation in the attack end the decay of thz tone. Hence tirmbre

might be expected to be a multidimensional attribute of the acoustic signal.
Fowever, es we will see the perception of timbre may also be related to the
context of the sourd and vary betwsen individuals.

In this paper multidimensional scaling and verbal rating precedures will be
deseriped briefly. together with some of the results from studies using these
methods. The advantages and disadventages innererent in each method will be
ciscussec along with problems associated with the use of either methed in the
study of the perception of the timbre of musical imstrument tones.

The use of multidimensionel sceling techniques is based uvpon the assumntion
that stimuli can be represented by peints in an n-dimensicnel space, where the
dimensions relete to the dimgnsions underlying the perceptiocn by the subject.
Stimuli are presentec in peirs or trieds end suhjects rate the dissirilarity
between these stimuli. The subjects ere not usually told what factore to use
in this rating. The dissimilerities are &ssumed to represent psycholcgicel
differences between the stimuli, snd these may then be resresented by
distances between zolnts plotted in some form of space. If there are x points
then a space of cimensipnality (x-1) would be necessery inm order to represent
the interpoint differences exsctly, but in general a much lower dimensionality
will provide en adequate description. With lower dimensionality the
relationships will be disterted, and the degree of distortion is expressed in
aquantity called stress. The splution to the analysis is chosen by the
investigator to give a low number of dimensions and not too great a stress,
but the choice 1s ususlly somewhat arbitrery and may be related to the
investigator's expectations concerning the type and number of dimensiens. The
dimensione in the chosen solution may be thaught of as being reel dimensions
underlying perception, or they mey be considered to be merely a convenient way
of representing the cata with no meaning attached to the ectual dimemcicns.

Grey (1977) usec this technigue in a stucy with simplified tones derived from
real instrument tcnes, end found three factors to be imgortant. These mey be
characterised as [1) spectral energy ¢istribution, (11} synchrony in the
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attack eng cdecey of ufjper harmenics, and [1if) the presence of high-frequency
Jow-arplitucde energy in the attach. tn alternetlve interpreteticn of these
1atter two fectors 1s that they relate to & grouping by instrument family.
Grey and Gordon (1978} confirmed the interpretatian ef the spectral energy
factor by exchenglng the spectral envelopes of pairs of tones from different
instruments which caused the stimuli to change po=ition along this factar.
Plomp and Steencken (1868) investigatec the importence of phase in the
perception of timbre. They found that although phese could be detected it was
far less ispartant than spectral arplitude, and in e reel environment multiple
reflections would obscure the phase information.

Verbal rating procedures involve the presentation of the stimulil indivicually,
and the subject is required to rete them cn bipolar scales such as dull/bright
or herd/soft. The scales are aumpered from 1 for ¢ull to 7 for bright enc the
rating gives a numerical value fpr how Cright the tone is judgec to be. Von
Biemarca (1274) used this procedure in a study witn 37 reting scales and 5
aynthesised tones., Factor analysis of the results showed the 30 rating scales
reduced to four facters, which may be described as sharp/dull, empty/full,
compact/scattered, and colourless/colourful. The use of factor analysis mekes
the method similar to multidimensianal sceling preecedures in uncovering the
factors in the perception but there are differences ketwesan the methods.

In the case of multidimensionel scaling procedures it is not necessary to
specify the dimensions. whei=as with verkbsl ratinge the choiee of the sceles
js of cruciel importance. With verbal rating scales different subjects may
use the verbal labels differently. and in fact 1t may not be possible to
devise varbal scales which necessarily characterise the dimensions of
pereption. On the other hand multidimensional scaling, which does nat
require prior assumptions about dimensions, is more time consuming and reguires
a representetive sample of stimuli. However, since multidimensional scaling
15 usually used where the dimensiens are not known, 1t is not possikble to
specify in advance the stimuli which will be representative of all the
possible stimuli, and so it is usually necessary to use 8 large number. The
results can be difficult to interpret, end somgtimes the inclusion of one wvery
salient factor will leac to that factor exerting a major influence on the
subject's judgemants. Miller and Cor<erette (1875], feor example, found a less
cleer picture of timbre percepiion in an experiement including varietion af the
fundarental frequency of tones, than in & second experiemnt where freguency
was held constant.

Whilst studies of this type involving jucgements on individual selected
stimuli might yield some insight into the perception of timbre, there are
other factors influencing the perceptusl process which are generally not taken
into account. These may arise from the physical charecteristics of the signel
and from psychological factors. In almost ell of tha studies. while the renge
of stimuld has covered 2 numper of different types of instrument such as
pleno, violin etcs, it has been customary to present one 'typicel’ tone from
each instrument. However, 1t 1s not easy to specify what constitutes a
'gypical’ tone for a type of instrument. Tones produced on violins in
general, or planos in general, will vary greatly depending on & number aof
foctors. First there is the actual {nstrument used in the production of the
tone. If we are to belleve what players say about the differences between
different rakes of models of instruments. then we should expect there to be
differences between instruments in the sccustic petterns produced.  Similarly
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the funcawzntal freguency end dynemic level will effect the soecirsl centent
and transient festures of the tcne. Whnen previous werkere tave corpared ’
cifferent types of instruments the tcnes have generslly been cf the same pitch
end loudness.. slnce ctherwiss thesa two factors tend to mech tirbre
differences. This means that some of the instruments will te plaved in
uncheracteristic parts of their register anc the finZings may be far from
tygical. Tne player employed toc produce the tones might heve a great effect
on the tones produced, since the skill of playing & musicel instrument is in
pert releted to producing tones of & conslstent and certein aquality, and
varietions in ingdividuel playing style will leed ta differences in the tones.

There ere other factors in the perception of rusicel tones which are unreleted
to the physicei charecteristics of the scoustic sigrel. Eubjects cen te
influenced ty expectaticns about the nature of the stimeli, which will depend
cn other stimull prezented and the exact experimentel inczructiarns, In s;mescH
pergzepticn, Warren {1370) showec that when pert of 2 centirupus etring of
epegch 25 mepleced by =n extraneous scund, the sobject will hear the reclaced
speach cound elthaugh the acoustlc sigral precerntec way beer iittle
reserblanze tc this. Experience with reel instrument souncs= will lead to
expacte<icns about how they shauld =pound, and thes= expectetions ere likely to
influence the perception of stimuli in a given =setting. In 2 real accustic
environment the signel arriving at the ear bears @ complex relationship to
that eranating fror the Instrumert body due %o the ci1fferential diraciicnal
propagetion of the components af the camplex wave end to the multiple
reflecticns frem surfaces which differentially sooores these comperenis.  Thess
factors doc not appear tc influence listeners uncduly anc a trumpet sounds not ’
anly like a trumpet but like the same frumdet when the acoustic signal is
changed by moving the instrument position relative to the listener. An
explanetion of this effect might lie in the results of 2 =tudy of lpcalisation
by von Fienge (1972} who found that subjects ceoulc lételire sounds accurately
only zfter excerience of the acoustics of the rozm, ang thet when the room
acougtisc were varigd between ingivicdual signel precentations tre sublects
Talled tc iearn appreogriate lacalisation. It would eppear likely that room
acpustlecs are taken into account in the perceptipn of timore, and that a repid
learning process 1n a particular envirorrent allews the listener tec account for
variations in the signal ceused by the room. Transient properties of the
scunds, which will be relatively invarisnt uvnéer such transformaticons, may be
of speclz] importance in this type of perception. Little attenticn has baen
pald to the fact that music i= a seguence of tone: anc the timbre of 2 tone is
likely to be different when played in conjunciion with other tones. Crey
[1878}, for example, found that the subject's ability to discriminate real
instrument tones from simplified synthesised tones cepended upon whether the
tones were presented individually or in the form of e tune. Another important
factor which has often been averlookec i1s the degree of musical sophistication
of the subjects, and failure to contrel for this mey account far some of the
discrepancies between published studies.

Cne major problsm with the use of rulticdimensional sceling 1s that the
dimensians revesalad are depencent upon the particuler stimulus set used.

Hence is only one tone fram each instrument type is fncluced this will ernly
reveal a set of dimensions for the perception of differences between
instrument types. However, this nesd not be the same es the dimenslons
underlying the perception of differences between instrumenis of the same type.

for exomrle between different violins or between cifferent players on the sare
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inetrument, and the resulte in the two ceses may revezl very cdifferent
sclutions. One possible way in which subjects perform the sorts aof tasts
presented to them is to classify stirmull es similar to sorme stereatype
stimulus. Hence if they are presented with a set of tcnes frer different
inetruments, subjects will clagsify one as & plano, one &s a trumpet etc.,
whersas 1F they are prasented with a sat of trumpet tones subjects will have
to use & different classification scheme, for example into dull and bright
tones. There is, however, not necessarily any reasan to suppose that these
two classification schemes will vary along the same dimenslons unless we
hypothesise that there reelly is a concept which can be called timbre and cen
be perceived anly in e single wey. However. much evidence suggests that
timbre 1= not a unitary concept, but rather a catch-all way of describing
differences between complex taones. It is therefore likely thet judgements
will giffer between different sets of stimuli, between different listeners and
between different perceptual tasks set to the same listener.
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