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Abstract

Several experimental studies have demonstrated that the formation of. groups, as defincd
bv the Gesialt laws, applies to music listening. However, other organizational principles
niust be considered wlien music is played in-real time. On this particular p^oint, I have
proposed a model based on a me[hahism of cue abstoclion, where two fundamental
brin'"ipt"t - the principl e of similuriry and the principle of difference - come into play-in
litrèniigou.. iong tirne rpunt. A'number ôi experim^ental procedures based on the
hvpothe"sis of cue ibstractioï in relation to the concept of Anticipation are described, but
oâfti"uiut 

"rphasis 
is siven on the role of similarity-difference perception. Starting from

[u" uUrtr""tion, u 
"àt"gorization 

process of the musical material is immediately
established on ih" basis-of exact oi varied repetitions of the abstracted structures.
Progressively, all these more or less varied reiteràtions elaborate a memoryimprint : the
1n"-f,o.v ao"'t not retain all the precise components of the material, but establishes some
;; ;iJfi;ary which comprises the princiiral attributes of a set oT percepts. The results
àiaifferent exierimental approaches'that fbllowed these methodological principles are
summarised.

Keywords: Cue abstraction, segmentation, grouping, categorisation, imprint

An overview of a model of cognitive processes involved in listening to a piece of music is

iiu"n tr"r". First of all, listenii'g is coirsidered as a schematization process based on a cue
iùriià"tion *here rwo fundaËental principles - the principb of similarr'lv and..the

ii".iple 
"f 

ctitr"rence - come into play in lisiening ovei long time spans. The basic lines
;iihi; ;;d"fï"r. proposed about ien years ago together with several experim-ental

;;;il;[" test ttie uàtiOity of its different aipecti. Given the opportunity of this
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conference centered primarily on anlicipation, some new visions of the model are
suggested by developing an additional interpretation of some of its aspects.

Refening to Dari'iel Dubois ( 199{3),' To anticipate means to-realise beforehand, to
foresee, to lookTorward, to act in advance, to prevent, to forestall" (p.3, vol.2). This is,
indeed, nothing new as it pertains to usual delînitions of the word. But, two different
aspects of the côncept - extèrnalised anticipation and internalised anticipation (ibid. p. 4 &
5)l are further specified. Externalisedanticipationrefers to external events which can be
anticipated and the author gives as an-eiample "to.take an-ombrella when one is
anticiiating raining weathef'. This kind of anticipation is dependent on the environment:
the wèathei may bé sunny, so the future is potentially multiple and the realisation at each
moment collapies all thé possibilities to ônly one. Thlts the present and the.past- are
actually uniquè,meanwhile the future is always potentially multiple, but apos.teùt1i thgr.e
is onlv one realised present state. Internalisèdenticipuionon the other hand, deals with

the memory of the firture. For example. to plan a lecture for a conference_ one year in

advance, wniôh reluires to write a paper, to prepare the trip, etc' D-uri_ng that.year one
should thus memorize the event anâ att praclical commitments to fulfill. Such kind of

anticipation creates its own future events and manages to meet what has been anticipated:
the reàlisation being practically a certitude.

Given the dehnitions 
-of 

these two aspects of the concept of anticipation, wlich

one should be most appropriate in relation to music listening ? At a first glance., talisten

to music refers to an èiteàal event: a piece played in a concert hall, for example. On the

other hand, to plan the concert in youi ageridais clearly an internalised anticipation, but

as soon ut youâr" sitting on your ieat in the concert room. the real-time listening process

is dependent on an exteàal event: the performance of the piece'' 
The second point ofthis introàuction focuses on the cue abstraction underlying

the schematization process in listening to music, based onthe perception of similarities

and differences. A itudy on rhythmic groups (Deliège, 1987)-, intending to test lærdahl

anO lactenAoffs grouping preferencJrutei 1t!)8:)' made clear that even though the

perception of musË ha; itJslecificities, it also_shares. important psychological constants

ilsed in other perceptual proôesses. Indeed, at the basis of their grouping rules,.there are

also oerceptuàt tu*t put'forth in vision by the gestalt theory: proximity and similarity-

Starting fiom this remark, possible relationships w.ith other fields of psychological

investifation werc examinedjprincipally with psyèholinguistics, in order to exploit ideas

oottiAË the actual perceptio; of music. Certain similarities between text and music

orocessins clearly eiist in the fact that both extend over long temporal spans' To grasp

ih" 
"ont"à'tr 

of a âiscourse, for example. one does not need to adhere to the literal text but

i"ifrài i" certain salient elôments: wi are building reductions, or simplifications of the

whole so as not to overload memory. These selections and reductions are the startlng

points for a schematization Process.' 
Litt"ning to a musical piece results, just-as in.l istening to discourse, in the

elaboration of a iort of schema. but given that music, unlike a text, does not refer back

io u dir""t semantic support, it was nècessary- to study- what kinds.of tools such a schema

rnigfti 
"à"0 

to becomËeffective. This reflection-led me to the hypothesis^"f :Y::'
ubitractedduringlistening, (Deliège, 19t39, l99l). Cues are conspicuous points.wltich

become fixed in [he memôry because of their pertinence and repetition. A cue, as dellned

bv Charles Peirce (197a-.7ti), always contains rare but striking attributes linking it.to what

it'"àitt attention to, so that the lâtter may be recognized. It thus acts primarily -ut ?
t"i"r"n"è point, a iimple and effective ivay of piocessing larger quantities of.dau"
(Deliège, iSBg). for eiample, to recognise a motif in whatever piece only small cues

àufn""'r in terms of anticipâtion, when a-bstracted and stored. the cue enables the listener

io 
"nti"iput" 

a longer ,"qir"n""'on the basis of only a few recognized features. In other
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words, the function of cues is to generate abbreviations of longer units, thereby reducing
iiËîÉgtti àii"f"rmarion to be si-ored and allowing to anticipate. broader sequences. Cues

"ont"in"ttt" 
invariants of discourse, which point them out ai being the starting points for

categorisation processes of new entries. Tivo main principles are here hypothesized : the

;;;i"t";i 
""hr", 

which permits a grouping of grbups to be extended for as lo^ng as a
Ià'n"ivpr of invariant is rècognized,-and-difterent, which records contrasting feqtyr.es
t" 

"ri"iifirtr "-"tt*y 
boundafresfor segmentations. After a bgun{ary' new cu€s will be

g;;;t;a to-r"o.gu'nir" anew the abbieviation process for further anticipation of the
information.

A S"g*"ntotionprocedure enabled to observe how these two principles are.at
*ort aïriï! listening.' Among others, Berio's Sequen:a yI: 

? Pi"qq flom 1f9
contemporafi repertoiie, was chosen as stimulus. lt was predicted that subjects would
,rl, ài ô"tiË"idà*, r"gr"nt as tong as a same.cue is perceived. ffe repelitf gigf.T,tl:
oi iâ.r similar material Ts for the listener an intuitive indication that the ongoing period ol

tft" pi"""lr r.i ctosed. This predi-ction was supported by the results:.much more subjects
sesmented at the boundariês of sections where strong contrasttng structures were

oeiceived. Internal segmentations were recorded but did not contfadtct the cue-

;;;Ë"iil nvôtft"ri""Jihey were less fre,q.uent and induced by rather local contrasting

;trfilr;;;tltÉL small uni6 oi"r" regroupedin a largerone at a higherhierarchical level-
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Fig. 1. Segmentations made by 
"o*pot"o, 

musicians and non musicians in L. Bcrio'
SequeruàVl for vigla solo.
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It should be noticed that there is no difference between Musicians and Non Musicians
results, which seems to indicate that the segmentation process could be of a rather
automatic nature, not greatly influenced by training ( cf. fig.1).

In relation to tf,e Anticipation concept, how could these results be analysed? Two
different listening sessions weie required in order to compa.rethe collecæd segmentations
and appreciate théir degree of stability. In both.listenings, subjects had to Pfsh. a button
of the ôomputer to indicate the segrnentations they were perceiving. _Clearly. in such a
situation, tlie listener is facing a potentialty multiple future (cf abY9, the definition of an
"externaiised anticipation"),-bu[ each time the button is pu_shed, all the^ possibilities are
reduced to only one-segmentation and so on until the end of-thg piece of music. What is
interesting inihese rùults, from an anticipation point of view, lies especially in the
comparisôn of the perfonnances of the two listenings. Almost no difference was
obseived, which seeins to indicate that the anticipation process based on the abstracted
cues is rather stable and established on an intuitive knowledge of what should be done.
Exactly as one has an intuitive knowledge of the meteorologic features that are suggesting
that an ombrella might be useful later in the day, here the point_is-that musical-regions,
inside which the misical materials acknowledge structural solidarity, should not be
destroyed, nor fragmented, by major segmentations.'To 

investigate the iegmentation processes, o,nly- real music-compositions,
pertaining thus tJthe artistiidomain, were employed..Yet,.an artistic message, by
hefinitiori has to convey unexpected events in orde-r to introduce some s.urprising-or
innovative features to renew thê language. Anticipation process€s are thus. intentionally
*o." or less disturbed and, preciselyl thè results eitribit here such a case. Figure 1 o.1 tfe
top shows the segmentationi introduced by two expert listeners who knew_very _well the
piËc". fn"v havË explicitly observed its division iirto six sections, but before the main
l"gm"ntatilons which closieach section (black lines), therg ig often another one (hatched
lin"es), which delimits what the two expert subjects called a 'tililg zone". The composer
ir gli,ing there an anticipated sensati,on of an end of section. Some sort of hesitation
*ôu6 iil the listeners'anticipation process which has to be readjusted immediately: Tle
fid; 

-i 
rtt"*r, in the resilts, that this perturbation was experienced by both the

musicians and non musicians.
The next step of the model deals with what has been called the merûal line

formation, a notion to be understood as a retrospective feeling or remembering of the
;ilil;;;J events labelled by the emergent cuei. This is a normal counterpart 9{ uty
anticipation process. Indeed ari anticipatel event engraves some trace in memory: if you
h;;;i;k;ilombrella in the mornidg anticipating rain, even if the weather.is sunny in
itt" àft"*o"o, you will remember that you took it néedlessly. Similarly when listening to
music, anticipâted events are counterbalanced by the elaboration 9{l schema allowing a
retrospective glance on the memorized events, à process that could be compared to the
i".r"ii- .f i;'cognitive map", a concept pu1 fôrth Qi_-Qd.wa$ lolman (198) in his
research on rats, arid expandeà by Jucqu"i Paithous (lio) in developing studies o1 lhe
representation of the urban space, with taxi drivers in Paris. These authors observed that
plàns are built on the basis of some particular reference points and that out-coming
!;h;;;.tt àlnniiion, is a type of reduôtionof the complete information. As far as music
it 

"on"é.*a, 
such schemai àre largely built on musiéal surface elements in which the

111oti iàrn"Olâtely identifiable refere-ncé poins lie ; the idea of cue-based reduction schema
rieht thur be generalizable to any musical system since the model has its foundations in

;;;;i;;grtfive mechanirmr. ionrequ"ntly, the listener has acquired a"feeling" of the
iocation of"the structures in the duratioir of the work and the time elapsed between events.
Èu"n 

"u" 
is an entry label which summarizes a longer sequence. Accordingly' it was
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hypothesized that the temporal course of a piece corlld be symbolized by a mental line
aiong which the structures would progressively take place.

" To investigate this proposâl, subjects listened to a piece and were then- presented

with segments to È'e locali/ed in the duraiion of the pjece. Three different versions of the

Mental"Line procedure have been applied. In the first, on the Sequenza V/.by Berio,
where six main sections were recordïd in the segmentation results (see figure l), subjects
were informed that they would be presented wiih about fourty segments to be located in

their original secion. Âll the"" su6jects had participated three-four weeks before in the

segment-ation experiment. The results were_significantly above chance and slightly.better

foimusicians. Ii the second version, on Boulez's kla,the subjects were receiving 15

sesments to be located on a horizontal line divided in 15 boxes which symbolized-the

co-mplete duration of the piece. They participated jys! befole in the. same session, in a

segnientation experimentbf the piece and weèonly informedabout the mental line task a

thË end of the'segmentation experiment in order to observe how the cues act

ietrospectiuely in mËmory for time élapsed. Table 1 shows that the mode_ of the.frequengY

àirt;Ëution oî each segment location'coincided better with the actual position oJ the

t"!r"""tt in musiciansiresponses. Errors were more frequent for segments located in

the middle of the piece.

TABLE I

The table sho6.s the segments in the orrler in u'hich they appear in the piece and the mcde for each

."ti*rtl."f subjccts. Thi figure in bold is thc principal mode. The ordinary figures represent a secondaq

moO"". l.e. the niost frequent'response after the 
'princi-pal 

mode. The numbers s€parated b1' a hyphen are the

cases s herc 2 estracts t'ere cquallv locatcd in that position

Segments Mode
Musicians

Mode Non-
musicians

I
2
3
4
5
6,7

8
9
10
l l
t2
l3
l4
l 5

I
215
614
512-9
5n
6
9
7-8-9-10
4E
t2n3
I  1/10
t2
13
t4
15

I
2 l12
tilr2-5
3n
t2lt3
2-5
9n
+6
3
10/t8
9 l l l
9l12-10
t3-6
tsl14
t5l l4
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In the third version of the procedure, subjects had to reordeq the_complete material of a
short piece, theTristancoî'ungktis so/o tiy Wagler, dividg{ in T,segments. Here again
e11o$ are few for the first and last segments as shown, in table 2. In addition, in contrast
to the segmentation processes, whièh are o! a rather automatic nature, it was here-
observedihat training and familiarisation had a strong influence on subjects' sense of
retrospectiveness. Néw factors were studied_ : number of previous familiarisation
listenings (3 or 5) and 4 different categories of subjects were tested: fVlusician Students
(MS) aia'Uusic Professors (PM); Ûndergraduate Students (NMS) and University
Researchers (UR).

TABLE2

himary mo4es (in botd) and secondary modes of the positions attributed to each of the 7 segments b1' the
6ifferent groups of subjects, as well as globalll'. After 3 hearings a majority' of onll' the music students
(MS) antl-professional musicians (PM) attained the correct order, but after 5 hearings the other subjects
achieved conect results too.

segm
mode

orimarv/secondary
mode

primary/secondary

NMSJ t t 2 NMS5 t t z
1 5 - 5 1 4 - 6 2 t 3
3 2 l r 3 t2
4 4 1 3 4 t 5
5 3-4-5 t6 5  l3 -4
6 6 ts 6 t245
-/ 7  t - 7 t

M53 I  l 2 -6 MS5 I
a 2 t5 z l -
3 5 t t - z 3 t 4
4 4 l3 -6 4 t 5

5 5 1 4 5 t 6
6 6 t 3 6 1 3 4
7 t t 7 l

UR3 t / - UR5 1 / 3 - 5
z 6 1 3 2 t 3
J 2 t 3 t t t - 2

4 4 t 3 4 t t-2-)

5 4 - S  l 3 s I l-2-3-4
6 6 l 2 - 3 6 t 4
7 7 l

PI\ftI GLOts t t 2
., 2 1 6 2 t 5
3 312 3 t 2
4 4 t J - 5 4  t 3
5 s t4 5 t 4
6 6 t 5 6  t+5
't l l 7
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Table 2 shows the effect of familiarisation hearings on the mode level. After 3

listeninsiïnù Musicians (students and professors) rebuill correctly the piece. But after

; Ëi;;i;;;: ii," rnoa" became correct 
'for 

the 4 groups of subjects. Thus in terms of

""ii"ip"tiË", 
Uôin 

"xp".l.ental 
procedures describet until now. could be summarized as

iofiori" : (ii the sense of an eiternalised antic_ipation, outlined with.the segmentation
pto""aur" in real-time listening, seems to eliiit a rather automatic behaviour, not

I;fl;;;;;à UV 
"it""t"t 

factors: ex[ert and naTve subjects performed in a similar way; (ii)

."'ifr" 
"-ii"ry, 

considering thê counterpart of ùe anticipation. process, where the

"ào""itu 
of rem'embering is c|ncerned, perfbrmances were strongly improved by training

"""Ol""iif 
l"iiiiwith the-perceived infoination. This is not to say. that naïve subjects have

*Ëo* .f r"irospectiviness at all, but their memorized schema is not that accurate.
"- *.-ôa11gr 

proiedures investigated subjects' categori.sation aPtitudes underlying the

anticipation pirocesses in segmintations ând in mental line achievements' From an

ffi;i;;til ôriJÀi "i"*, 
tfio o! these procedures seem to be most interesting : -(i).tu

"iursifi""tio" 
of stnrctures'on the basis of the abstracted cues; (ii) the formation of what

has been called imPrints.
A piece built on iwo main motifs, the Allegro A.çsai of the S9n4ta!-or^Violin Sokt

i" C *"jïi-Vi Êu"n was employed in the expeiments. Starting basicallv from the cue

abstraction, the categorillti;î;;;;r;"i1n"_Âuri"uitnaterial iiestablishêd on the basis

;il;;il;ti"à ËF"titi""ràftf," abstracted structures. As-putforth by Deirdre.Wilson

""J 
bun Sperber,'the';;;resentation and the represented-gbject being two different

things, they cannot, indeèd, share all their propertlgs,; onlY. l9l-e- 
salrenl propenres

suffice. ... If I am run-l*m"ing for you an articlè that I have just read... vou will in no

way confuse th" 
"ont"nïù'*,;;û-ât 

with tfre onË oi the artiËle itself' (i992, p'..zn)'

In the same way, speaking of membry for temooral events' Fraisse notes ""'not

""".ytniïg 
fr.n' fit ù;;Ë""ti;;;;Ë#sferred inio memory. A large part is not.fixed'

ih#" ir;iar.g" Atoèpunci'U"tween the imrnediate richness of a perception and what we

"un 
recuff a fË* seconïs la-æf' (l%7.p 167)'

It was thus o""tt*.v to 
"ppreci'ate 

tÉe subjects' ability- to recognize very quickly a

"u" 
*fr"n .iupfià.iog in *î"i"i,it varied form. Att ttre different variations of the two

-"i..".ùir .ifin" pi"!" *"ô selected and-presented three times in a random order in the

ffi;;-"rt"l r".riônr. ftt" ,"ruit" showed'that the.accuracy of the responses was above

silq, f* nôn-rnu"ici*rànà reacn"A lffi%o lor musicians. À similar experiment wa.s later

ii"iii.a*1ti g-to-t t y** olâ 
"ttildren. 

Easy-pieces from Schubert and Diabelli were

emoloved. The results reached between i3 and 9o percent. These-very high

;ffi;â;;"r ;iir;;; 
"rr"." 

that the classification bf mrlsical motifs based on

fi.Ë;Ëd;;l;;d";htlnly retiaule automatic Processes.It is probabtl 1:l ili:
p"rti""f.r."*on that nà-aiffËi""n"" was observed in adult musicians and non musicians

Ëil;; *ft"n riuayiîilt;dr;i;Tenlation behaviour. It is even possible that these

mechanisms ur" pr"."ni?ôiÇf tr tif". Àr pointed out ty Andreù Woodfield "The

;iiiiJt-;Ëdy 
"ôuip"à, "t 

U'ittfr, UjV several miciro-fearures deiectors" (1e912, p' 277) and

Roser Lécuyer 
"Ur"*LO 

tfrui-ihi"" ot four months old infants have categorisation

aptitudes (l9gl, p- 196).-'"---Fû;ifV,'fn"tfr"i-effect 
of cue abstraction and repetition.lies in the imprint

formation. When lisæiittg i" *ft"t"""ipi"ce,listeners hearïl the different variations of

the motifs. This does not mean that all the precise componerts of all these variations will

be stored. On the 
";;i;;ty,';;" "oJ 

ôf summary- giving.an naverage value" - the

imprift- will be 
"u,oiiàliËiùvËiàuiiJ"["nilË*i'irir".ih" 

-main cùrdinates of the
Ëni"rnUf". if," U""tgroonîTf init côncept is to be found in the notion of protoîvpe

;;;;i;p"d in 
""i"gotl-."ti* 

.t rdi"., the pr'ôtotype being the most typical exemplar that
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B crrmplc of a fist dcgrcc dcrivrdvc

A crrrnph of r firs dcgrc€ dcrivativc

Exunplcs of sæod dcgrrc d€tivtrivca

40

Fig. 2. J.S. Bach, First section of the Allegro As-sci of the
Sonatafor violin solo in C major



comes to mind for a given category, for instance a blackbird or a sparow for the category
of birds. but not an ostrich, nor a turkey.

ihe procedure was inspired by-prototype methodologies. Subjects first rec_eived
an acquisitiàn phase and listeried to the initiai sejtion of the piece by Bach (the 42 first
mlur,it"r). ThËn a recognition phase followed. This time they were presented.with..(i)
items already heard in that first section: (ii) items belonging to the non heard section; (iii)

items with rhythmic modifications.

}IODIFIED

&: ,  f  . i  7 i  -  - . ' . - - -=L : : : -  j { - : l
-

tt!. -r. L\an{h\ ol hrâtuI rri hùarl dd n\{ifrtJ s.qencc-

Thirtv+wosubiects(musiciansandnon-musicians)tookpart inthestudy.. In
order to deteËt an impriït effect, they had to decide whether the items had been heard or

noi tetor" and to indicate their levelbf certainty in their responses. The idea behind this
iànd of p.o""dure is that items very similar toihose heard in the acquisition.phase (thus

irËr à"f;ng t-trc listening of the finf partof the piece) would be erroneously felt as already
been heard. Consequenily, it was hypothesizeà that modifications or items too distant
itoÀ tn" generared?'averâge value"'ôf the imprint, should be well detected."-- - 

À:;*p"cted, for a"great proportion,^non-heard items were accepted.as flr9ad.V
been heard an'd the modified sequènc-es were well rejected. This last result, particularly' ts
essential in relation to the stylislic characteristics of a piece : it shows that as soon as an

it"il"i is stored, it acquireJ a value of an analyzer of the content of thework making a
àiit"Ë""tU"tween whàt is and what is not the iorm regarding the style of that work'

Conclusion

This re-reading considered some aspects of a model of real-time listening to music that

*"r o-n*r.iËlv elaborated over tlie last ten years. This model assumes that in order to

;"i;;; th" f6t of u piece of music, the iistener elaborates a mental schema of the

;il';;;kffift on-tf," bâiis of abstracted cues and broadly governed.by the principles

;f ;;;; ;;taifferent. It was observed that music listening is also supported by

anticioation pro""rr"r, 
".pecially 

those which govern erterralisedanticipalioJl as.defined
bv Dùbois. hs such, thè schèrrutiution of the musical discourse und€rllned by- tne-tit;;*i;;; 

is simifaiiotne schematization arising in text comprehension' Though, in
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absence of semantic content in music, a particular stress was given on the role of
rt*"iur"" - the abstractedcues - coming frbm the musical surface. Consequently, to
demonstrate how a mental representaiion is progressively organized, research on
lifiners'music understanding, fotentially relevànt fgr gny repertoire, should take into
à""âuot the role of musical-'surfac" stiuctures and their incidence on anticipation

processes in real time listening. 
*
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