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Jeff Pressing

l. I ntroduction

How do people inprovise? How is inprovisational skill |earned and taught?
These questions are the subject of this paper. They are difficult questions,
for behind them stand | ong-standi ng phil osophical quandries |ike the origins of
novelty and the nature of expertise, which trouble psychologists and artificial
intelligence workers today al nost as much as they did Plato and Socrates in the
fourth and fifth centuries BC.

In a previous article (Pressing 1984a) | sunmari sed a nunber of genera
properties of the inprovisation process on the basis of the diverse historica
writings of artists, teachers, and mnusicologists. This material was integrated
with precepts fromcognitive psychol ogy to sketch out the beginnings of a
general theory of inprovisation

In this article a nuch nore explicit cognitive fornulation is presented,
the first proper (though by no neans necessarily correct) theory of inprovised
behaviour in nusic. The building of this theory has required input from nany
di sparate fields with which the general musical reader may not be famliar. For
this reason | begin with a survey of appropriate background research and its
relation to inprovisation. Sonme of these areas may initially seemdistant from
the topic at hand.

. A survey of pertinent research
(a) Sonme physi ol ogy and neur opsychol ogy
Al t hough our state of knowl edge in these areas is far too neagre to have
any definite repercussions for inprovisation, there are a few facts which are at
| east strongly suggestive.

To begin with, inprovisation (or any type of nusic performance) includes the
followi ng effects, roughly in the follow ng order

1. conpl ex el ectrocheni cal signals are passed between parts of the nervous
system and on to endocrine and rnuscle systens

2. nmuscl es, bones, and connective tissues execute a conpl ex sequence of
actions

3. rapi d visual, tactile and proprioceptive nonitoring of actions takes place
4, nmusi ¢ i s produced by the instrunent or voice

5. sel f- produced sounds, and other auditory input, are sensed

6. sensed sounds are set into cognitive representations and eval uated as
nusi ¢

7. further cognitive processing in the central nervous system generates the

design of the next action sequence and triggers it.
- return to step 1 and repeat -

It seens apparent that the npost starkly drawn distinctions between inprovisation
and fixed performance lie in steps 6 and 7, with possibly inportant differences
in step 3. This paper therefore inevitably focusses on these aspects.

The given steps are often collapsed into a three conponent i nformation-
processi ng nodel of human behavi our whi ch has ready physiol ogi cal anal ogues:



i nput (sense organs), processing and deci si on-nmaking (central nervous system
abbreviated CNS), and notor output (muscle systens and gl ands).

Control of movenent by the CNS is conplex: the cerebral cortex sends
signals to both the cerebellum and the basal ganglia, which process the
i nfornati on and send a new set of signals back to the mbtor cortex. The
brai nstem nucl ei are also involved in details of nmotor co-ordination. It has
been suggested that the basal ganglia and cerebellum have conpl ementary rol es,
with the basal ganglia initiating and controlling slow novenents while the
cerebellumis active in the co-ordination of fast, ballistic novenents (Sage
1977).

Mot or signals fromthe cortex pass to the spinal cord and notor nuclei of
the cranial nerves via tw separate channels: the pyram dal and extrapyram da
systems. These two nerve tracts illustrate the sinultaneously hierarchical and
paral | el - processi ng aspects of CNS control, for they run in parallel but
interconnect at all main levels: cortex, brainstem and spinal cord. Hence
whi | e each tract has sone separate functions there is a redundancy that can be
used to facilitate error correction and notor refinenent. Sinilar redundancy
and parallel processing is found at | ower levels of nmotor control. Al pha-gama
coactivation, for exanple, describes the partial redundancy of neural
informati on sent to two distinct types of notoneurons, alpha and gamma, whose
axons and collaterals termnate on the main skeletal muscles and the intrafusa
nmuscl e fibers, respectively.

The organi sation of behavi our has been often linked with the exi stence of
notor action units (or equival ent concepts), and their aggregation into |ong
chains to devel op nore conpl ex novenents. The validity of the concept of notor
action units can be seen nmirrored physiologically in the existence of conmand
neurons, single nerve cells in invertebrates whose activation alone suffices to
elicit a recognisable fragment of behaviour. The effect is achieved by
excitation and/or inhibition of a constellation of notoneurons (Shepherd, 1983;
Bentl ey and Konishi, 1978). Wile there are no known single cells that fully
trigger conpl ex behaviour in mamual s, popul ations of neurons in the brains of
hi gher aninmals are strongly suspected of serving a similar function (Beatty
1975). It is therefore possible to speculate that skilled inprovisers would,

t hrough practice, develop general patterns of neural connections specific to
i mprovi sational notor control

Finally, it is of interest that neurological correlates have been recently
di scovered for a division of know edge and nenory into two separate categories:
decl arative and procedural. A degree of independence of these two types of
menory (for facts or procedures) has been reported anbng ammesi c and post -
encephalitic patients for sone tine (e.g. MIner 1962; Brooks and Baddel ey
1976). Typically, patients can not renmenber new facts, but are able to learn
new motor skills over a period of tine, yet w thout any awareness on successive
days of having performed the tasks before. 1In recent studies, Cohen (1981) and
Cohen and Squire (1981) have shown that declarative learning is linked to
specific diencephalic and bitenporal brain structures. Unaware of this work, |
drew a related distinction in a recent paper (Pressing 1984a) between object and
process nmenory, based on the rehearsal strategies of inprovising nusicians. As
Squire (1982) has pointed out, there are parallel distinctions in earlier
witings: artificial intelligence (Wnograd 1975), knowi ng how and know ng t hat
(Ryl e 1949), habit nmenory and pure nmenory (Bergson 1910), and nenmory with or
wi t hout record (Bruner 1969). What is suggestive about these correlations is
t hat physi ol ogi cal |ocations for sone specific cognitive skills used in
i mprovi sation mght very well exist.

(b) Mot or control and skilled performance
This area traditionally has centered around industrial skills, sport,
typi ng, handwiting, specially-designed |aboratory tasks like tracking, and to a
| esser degree nusic (see other articles in this volune). It is a complex field



of considerable rel evance to inprovisation, even though inprovisation per se is
scarcely nentioned. Therefore | first review general theories of notor control
and then delve into a nunmber of special issues in skilled performance and skil
devel opnent that are rel evant here.

(1) Theories of notor control and skil

The starting point for nearly all the existing theories is the 3-stage
i nformati on-processi ng nodel nentioned earlier, based on sensory input,
cognitive processing, and notor output. To this nust be added the notion of
feedback (auditory, visual, tactile, or proprioceptive). Traditional 'open-
| oop' theories include no feedback, and hence no nechanisns for error
correction. In its starkest formthis theory is clearly inappropriate for
i mprovi sation; however, there is persistent evidence, dating back to the
medi cal work of Lashley (1917), and including studies of insect behaviour (e.g.
W son 1961) and deafferentation techniques in nonkeys (Taub, Heitmann and Barro
1977) that points to the existence of notor prograns that can run off actions in
open-1 oop fashion

In contrast stand 'closed-1oop' theories, which contain feedback, and hence
allow for the intuitively natural possibilities of error detection and
correction. The closed-1oop negative feedback (CLNF) nobdel is one of the
oldest. In this nodel the feedback (primarily auditory in the case of nusica
i nprovi sation) is sent back to an earlier stage in the control system which
conpares actual output with intended output, producing a correction based on the
di fference between the two (see for exanple Bernstein 1967). Such cl osed-I| oop
nodel s have their historical roots in engineering nodels of servonechani sns,
control theory and cybernetics.

A wide variety of closed loop formulations has been given. GCel'fand and
Tsetlin (1962, 1971) used a mathematical mininisation procedure to nodel the
cognitive search for appropriate notor behaviour. Pew and Baron (1978) sketched
out a theory of skilled performance based on opti numcontrol (see also Kleinman
Baron and Levison 1971).

Powers (1973) proposed a hierarchy of notor control systens whereby the
correction procedures of higher-order control systens constitute reference
signals for |ower-order systems. Another hierarchical nodel was given by Pew
(1974), in which specific single novenents are conbined into sequences, and
ultimately into various subroutines that nake up goal -directed action. Actions
are then organised and initiated by an excutive program (Fitts 1964). As is
apparent, many such hierarchy theories are based on the application of computer
programm ng principles (cf. MIller, Galanter and Pribram 1960).

These ideas offer a nore sophisticated understandi ng of notor behavi our
but they have serious linmtations. They nodel notor |earning either poorly or

not at all, and are not based on enpirical findings about human actions (Adans
1961). A closed-loop theory of notor |earning was proposed by Adans (1971
1976) in an attenpt to rectify sone of these problens. |In this theory there are

"menory traces' which select and initiate novenents and 'perceptual traces
which are representations of the intended novenents, and are used as tenpl ates
for error correction. A perceptual trace is gradually built up by repeated
practice from feedback, know edge of results (often abbreviated KR) and error
correction. Eventually the perceptual trace can function as an internalised
goal , dim nishing dependence on the externally-based know edge of results
(Nam kas 1983). Hence open-loop control characteristics are not conpletely
excl uded.

By the late 1970s the consensus was that both open- and cl osed-Ioop contro
nmust occur in skilled performance (Keele and Sumrers 1976, Del conyn 1980,
Paillard 1980, cf. Sunmmers 1981 for a review). That is, nmovenents are both
centrally stored as notor progranms, and susceptible to tuning (adjustnent) on
the basis of feedback. Coupled with the well-established concept of flexibility
characteristic of skilled (but not rote) performance (Welford 1976), this



pronot ed approaches based on nore abstract progranmi ng notions that brought the
field closer to artificial intelligence (and nade it nobre gernane to
i mprovi sation).

In this spirit Schm dt (1975,1976) proposed a theory of notor schenmata that
nodel s both recall and recognition. The schenma is considered to contain the
general characteristics of a nmovenent which nust be organised in any given
situation to satisfy environmental requirenments and the goals of the perfornmer.
Cont ext then guides the production of a series of notor commands that ultimtely
generate a spatiotenporal pattern of nuscle actions. Feedback is based on a
tenpl at e- conpari son i dea

Because schenma are not specific novenent instructions but are 'generalised'
notor prograns, this theory is capable of nodelling novelty (at least in a very
general way), which the others above could not (except Pew 1974, which al so uses
a schema notion). The possibility of novelty is also catered to by Schnmidt's
i nclusion of degree of variability of practice conditions as one determ ner of
schenma 'strength'. At its core, the so-called 'novelty problem is very close
to that of inprovisation.

Simlar to schema is the notion of action plan. Mller et. al. (1960) gave
a general description of plans, while Cark and Cark (1977) described plans for
| anguage di scourse, and Sl oboda (1982) and Shaffer (1980, 1981, 1984) specify
pl ans for playing nusic. As discussed by Shaffer (1980), a plan is an abstract
honomor phi sm representing the essential structure of the performance and
allowing finer details to be generated or |located as they are needed during
executi on.

O her related theories include Allport's proposal of a systemof condition-
action units which are |inks between sensory calling patterns and categories of
action (Al lport (1980). Also related are adjustable control or description
structures fromartificial intelligence such as franmes and scripts (see bel ow).

This convergence of theory is useful in constructing a nodel of
i mprovi sation (see below). However, it remains rather unspecific, and has run
far ahead of experinent. But as of this witing there seens only one
alternative in the area of motor behaviour. This is the organisationa
i nvariant approach of Turvey, Kugler, Kelso and others (Turvey 1977, Kugl er
Kel so and Turvey 1980, cf Kelso 1982 for further references). This approach
draws on two sources: the ecol ogical perspective of G bson (1966, 1979) and the
di ssi pative structure nodel of non-equilibriumthernodynam cs (Prigogi ne 1967,
Prigogine and Nicolis 1971, Prigogine, N colis, Herman, and Lam 1975).
Essentially the theory de-enphasi ses notions of cognitive process and control
replacing themwth, in so far as is possible, 'organisation invariants'. These
organi sational invariants are characteristic constraint structures that allow
the emergence of specific spatial relationships and dynam c processes in the
behavi our of non-linear systenms when the paraneters controlling these systens
fall in certain critical ranges. Thus if the human notor action apparatus is
considered to be (as it certainly is) a non-linear system characteristic
properties of nuscle groups and patterns of human |inb co-ordination will
naturally energe fromthe constraints inposed by a given task situations (Kelso,
Holt, Rubin and Kugler 1981, Saltznman and Kel so 1983). The proposals are
exciting, but their ultimate fate remains unclear. The theory is still being
fornul ated, and conparabl e ideas fromnon-linear nmathenmatics have infiltrated
many fields in the last ten years, with uneven results.

Organi sational invariant theory seens also |likely to apply primarily to the
dynam cs of notor program execution, and not to the formulation of intentions
and hi gh | evel decision-making (WIberg 1983). Since these functions are vita
elements in inprovisation in any but an extrenme nechani stic approach, the theory
as it stands is not particularly suitable for inprovisation nodelling.
Nevert hel ess, these ideas may be used in an understandi ng of the sources of
behavi oural novelty, and are discussed further in part 111.



(ii) Some special issues relevant to inprovisation

Skill classification
Vari ous dinmensions of skill classification have been proposed and

i mprovi sation can be placed within these. One division is into 'open' skills,
whi ch require extensive interaction with external stimuli, and 'closed' skills,
whi ch may be run off without reference to the environnment (Poulton 1957). Solo
i mprovisation is therefore a closed skill, as it relies only on self-produced
stimuli, whereas ensenble inprovisation is nore open. O her dinmensions of skil
classification are gross-fine, discrete-serial-continuous, conplex-sinple, and
perceptual -notor (Holding 1981). Inprovisation is a fine, conplex skill, with

bot h perceptual and notor conponents; continuous actions predoni nate, although
there are also discrete and serial notor aspects. This last point varies
somewhat with the nature of the instrument played.

It is inmportant to al so enphasi se the contrast between unskilled and highly

skilled performance. A vast mpjority of reported skill studies treat sinple
notor tasks l|ike tracking, under an inplicit reductionistic scientific
nmet hodol ogy. It is increasingly acknow edged, however, that highly devel oped

skills have distinctive enmergent properties missed in these earlier short-term
studies, properties such as adaptability, efficiency, fluency, flexibility, and
expressiveness (Wl ford 1976, Shaffer 1980, Sparrow 1983). These are vita
conponents of inprovisatory skill.

Feedback and error correction

Feedback is a vital conponent in inprovisation for it enables error
correction and adaptation - a narrowi ng of the gap between intended and actua
notor and nusical effects. But feedback is also inportant for its notivationa
(G bbs and Brown 1956) and attention-focussing effects (Pressing 1984a).

Feedback redundancy is an inportant concept for music. Aural, visual
proprioceptive and touch feedback reinforce each other for the instrunental
i mprovi ser, whereas the vocalist has only hearing and proprioception avail abl e
(Pressing 1984a). Likew se the design of sone instrunents allows nore precise
vi sual feedback and nore categorical kinesthetic feedback than others. This is
al nrost certainly why sophisticated inprovisation using advanced pitch materials
is nmore difficult on the violin than the piano, and extrenely chall enging for
the vocalist. For every first-rate scat-singer in the world there nust be 500
tal ented jazz saxophoni sts.

Feedback can al so be considered to operate over different tinme scales.

Thus short term feedback gui des ongoi ng novenments, while longer term feedback is
used in decision-maki ng and response selection. Still |onger term feedback
exists in the formof know edge of results (KR) for skills where externa
evaluation is present or result perception is not sufficiently precise or
i mediate. The inmportance of this for inprovisation has been denonstrated by
Partchey (1974), who conpared the effects of feedback, nodels and repetition on
students' ability to inprovise nelodies. Feedback, in the form of playbacks of
recordi ngs of the students' own inprovisations, was clearly superior to
listening to pre-conposed nodel nel odies or repetition as an inprovisation
| earning technique. 1In group inprovisation, feedback |oops would al so operate
between two or nore perforners (Pressing 1980).
clear that internal feedback (and feedforward) |oops exist not based on sensory
processing (Brooks 1978). That is, if higher cognitive levels set the design of
not or prograns while novenent fine structure is specified in closed-1oop fashion
by I ower levels of the CNS, notably the spinal cord, then copies of these |ower
| evel notor instructions are alnost certainly sent directly back up to higher
centres. In other words, there is sone kind of central nonitoring of efference.
This would serve to increase overall processing speed and accuracy.

The role of errors in inprovisation has been discussed previously (Pressing
1984a). It will sinply be pointed out here that error may accrue at all stages
of the human information processing system perception, novenent/nusical



gesture sel ection and design, and execution. Mnor errors demand little or no
conpensation in follow ng actions, whereas najor errors may require a conplete
change of musical process or context.

Anticipation, preselection and feedforward

These three concepts have to do with preparation for action. Physiologica
recordi ng of the Bereitschaft potential (BP) and contingent negative variation
(CNV) (cf. Brunia 1980) now provides explicit support for the |long standing idea
t hat higher cognitive control centres bias |ower ones towards anticipated
noverments. This is therefore a type of feedforward, and has been described from
vari ous perspectives: spinal 'tuning' (Easton 1978, Turvey 1977), corollary
di scharge or efference copy (von Hol st 1954), and preselection (cf. Kelso and
Wal | ace 1978 for discussion).

The idea of preparation is very inportant for inprovisation, where real-
tinme cognitive processing is often pushed up near its attentional limts. It
can be formally proved, for exanmple, that only a control systemw th a nodel of
di sturbances and predictive power can becone error free (Kickert, Bertrand and
Praagman 1978). For inprovised performance that ains at artistic presentation
wher e di screpancies between intention and result nust be kept within strict
bounds, practice nust attenpt to explore the full range of possible notor
actions and nusical effects, to enable both finer control and the interna
nodel I i ng of di screpances and correction procedures, including feedforward.

H erarchy vs heterarchy

Because of influences of the physical sciences and control theory, an
overwhel ming majority of nodels for notor behavi our have used a hierarchica
control system However the interconnectedness between different locations in
the CNS and the many documented types of feedback and feedforward processes
menti oned above argue that this perspective is probably too narrow
Furthernmore, explicit parallel-processing possibilities exist due to the
separate pyrani dal and extrapyram dal neural tracts, al pha-gamm coactivation
etc., as nentioned above. Hence other types of organisation, referred to as
het erarchical or coalition, have been proposed (MCulloch 1945, von Foerster
1960, Greene 1972, Turvey 1977). In this perspective, executive control of the
system nay be transferred between different 'levels' depending on the needs of
the situation (MIller et. al. 1960). This possibility is incorporated into the
nodel of part II1.

Time scales for the control of novenent

This is a subject with an enornobus and conplex literature. For background
purposes in nodelling inprovisation a few points only seem sufficient.

Actual neural transmission tines are on the order of tens of milliseconds.
According to Davis (1957) (cf. also Sage 1977), auditory stinulus activity
reaches the cerebral cortex 8-9 nsec after stinulation while visual stimulation
i nvol ves a |l onger |atency of 20-40 nsec. Since the two neural pathways are of
conparable length, this difference points to a greater transni ssion speed for
audition than vision. It should, however, be noted that the auditory system
contains both ipsilateral and contral ateral pathways, while the pathways of the
vi sual system are exclusively crossed. The cortical response tinme for a
nmovement stimulus appears to be on the order of 10-20 ns (Adanms 1976).

Reaction time is the time taken for a sense stimulus to travel to the CNS
and return to initiate and execute a largely pre-programed notor response.
Sinple reaction times (RT) with only one chosen nmotor response typically fall in
t he range 100- 250 ms, depending on conditions and sensory nodality (Sumers
1981). Auditory, kinesthetic and tactile reaction tinmes have typically been
found to fall in the range 100-160 ns (Cherni koff and Tayl or 1952, Hi ggins and
Angel 1970, dencross 1977, Sage 1977), while visual reaction times have been
considered longer, typically reported as at |east 190ms (Keel e and Posner 1968).
Reaction tinmes for other sensory nodalities seemto be in the range above 200
ms, while RTs involving choice of response are in general |onger and are



reasonably nodelled by H ck's Law (H ck 1952). Kinesthetic and tactile choice
reacti ons seemal so to be faster than visual (Leonard 1959, d encross and
Koreman 1979). Data on auditory choice RTs do not seemto be readily avail abl e.
Error correction (EC) tines vary with sensory nodality and context. EC
times are inportant for inprovisation because it nmay reasonably be argued that
they reflect mininmnumtines for decision-naking that is expressive or
conpositional. Visual error-correction is usually reported to be about 200 s,
wher eas ki nesthetic EC can occur over intervals as short as 50-60 ns (Kerr
1982), as seen in reports on tracking tasks (G bbs 1965, Higgins and Ange
1970). However, other recent work in the case of vision has found sone
i nstances of visua

EC tines down in the range near 100 ms as well (Smith and Brown 1980, Zel aznik,
Hawki ns and Ki ssel burgh 1983). It seens likely that the tinme taken for error
correction would be a function of the degree of invoked processing invol verent;
that is, notor programconstruction would take nmore tine than selection, while
exacting criteria of discrimnation or nmotor accuracy or a w de range of
response choice would naturally increase EC time. Rabbitt and Vyas (1970) and
Wel ford (1974) have enunciated this view, one which is well-supported by the

i ntrospective reports of inprovisers going back for nany centuries (Ferand
1961).

Explicit information on auditory error-correction tinmes does not seemto be
avail able, but it is possible to point out a general tendency in the above data.
Narmel y, processing speed seens to be greatest for audition and
touch/ ki nesthesia, of all the possible sensory systens. These are precisely the
el ements involved in nusical inprovisation and provide a vivid psychol ogi ca
interpretation for the historical fact that nusic, of all art and sport forns,
has devel oped inprovisation to by far the greatest degree. Under this
interpretation, hunan bei ngs, as creative agents, have as a natter of course
drawn on the sensory systens npost adapted to qui ck decision-nmaking: in other
words, a predilection for inprovised sound nmani pul ati on nmight be genetically
programmed. O course, such an interpretation remains highly specul ative.

Finally it should be noted that unexpected sensory changes requiring
significant voluntary conpensations require a nnimmtine of about 400-500 s
(Welford 1976). This is therefore the tine scale over which inprovising players
in ensenbles can react to each others' introduced novelties (about tw ce a
second). Nuances in continuous inprovised performance based on sel f-nonitoring
are probably linmted by error correction tines of about 100 ms (Welford 1976),
so that speeds of approxinmately ten actions per second and hi gher involve
virtual ly exclusively preprogrammed actions (Pressing 1984a). An infornal
anal ysis of jazz solos over a variety of tenpos supports this ball park estinate
of the tine Iimts for inprovisational novelty.

Ti M ng and novenent invariants

Up to this point very little has been said about the timng of skilled
performance, yet it is obviously a vital point. Considerable experinmental work
in the domai ns of fluent speech (Huggins 1978), typing (Schaffer 1978, Terzuolo
and Viviani 1979), handwiting (Denier van der Gon and Thuring 1965, Viviani and
Terzuol o 1980, Hol |l erbach 1981), generalised armtrajectories (Mrasso 1983),
and pi ano performance (Shaffer 1980, 1984) has established that invariant tinmng
and spatial sequences, strongly suggestive of schemm, underlie skilled actions.
Such performance rhythns, or 'honetetic' behaviour, as sone have terned it,
shows great tunability: over wide variations in distance and overall tine
constraints, invariance of phasing and accel erations (or equivalently, forces)
can be observed (Schnidt 1983). By phasing is neant the relative timngs of
conponent parts of the entire novenent sequence.

But it is also true that the relative timngs of movenent conponents can be
changed intentionally, at |least to a considerable degree. Hence the inproviser
has access to generalised action prograns (in both nmotor and nusic



representation), which allow overall paranetric control (tine, space, force) and
subprogram tunability. This my well be responsible for the flexibility of
conception characteristic of experienced inprovisation.

Mot or menory

It has often been suggested that a distinct formof nenory for action
call ed notor menory, exists. The subjective inpression of inprovisers (and
other perforners) is certainly that potentially separate yet often
i nterconnected notor, synbolic and aural forns of menory do exist. For a review
of this extensive topic and its relationship to verbal nenory the reader nmay
wi sh to consult Laabs and Si mobns (1981).

(i) Skill devel opnment
Al'l skill learning seens to share certain common features. |In the early
stages, a basic novenent vocabul ary is being assenbl ed and fundanent al
perceptual distinctions needed for the use of feedback are drawn. In

i nternedi ate stages, larger action units are assenbl ed, based on stringing
toget her the existing novement vocabul ary in accordance with the devel opi ng
cognitive framework. These action units begin to enable predictive open-1oop
response. The ability to perceive distinctions is refined considerably, and
internal nmodels of action and error correction are devel oped. Expressive
fluency begins to appear, characterised by a feeling of nmindful '"letting go'
(Schnei der and Fi sk 1983, Pressing 1984a). By the time advanced or expert
stages have been reached, the performer has becone highly attuned to subtle
perceptual information and has available a vast array of finely tinmed and
tunabl e nmotor prograns. This results in the qualities of efficiency, fluency,
flexibility, and expressiveness. All nptor organisation functions can be
handl ed automatically (w thout conscious attention) and the perfornmer attends
al nost exclusively to a higher |evel of energent expressive control paraneters.
In the case of inprovised nusic these energent control paraneters are
notions like form tinmbre, texture, articulation, gesture, activity level, pitch
rel ati onships, notoric 'feel', expressive design, enotion, note placenent and
dynami cs. There nust al so be a developed priority given to auditory nonitoring
over kinesthetic and especially visual nonitoring. This idea is supported by
research on typists (West 1967), which showed that the doninant visual control
used for optinmal results in early stages of learning to type gave way later to

reliance on tactile and kinesthetic cues. It also seens |likely that sensory
di scrimnation and motor control functions nake increasi ng use of higher-order
space-tinme relationships (velocity, acceleration) as skill |earning progresses

(Marteni uk and Romanow 1983).

The change fromcontrolled processing to autonatic notor processing as a
result of extensive skill rehearsal is an idea of |ong standing (Janes 1890,
Shiffrin and Schnei der 1977), and it undoubtedly inproves novenent quality and
integration (Eccles 1972). The acconpanying feeling of autonaticity, about
whi ch much netaphysi cal speculation exists in the inprovisation literature, can
be sinply viewed as a natural result of considerable practice, a stage at which
it has become possible to conpletely dispense with conscious nmonitoring of notor
programs, so that the hands appear to have a life of their own, driven by the
nusi cal constraints of the situation (Bartlett 1947, Welford 1976, Pressing
1984a). |In a sense, the perforner is played by the nusic. The sane thing
happens with common actions |ike walking and eating. As Wl ford (1976) has
cogently pointed out, automaticity is therefore especially likely when the
actions involved are always, or virtually always, accurate to within the
requi renents of the task. Hence automaticity in inprovisation can be frequent
in both free and highly structured contexts, since task requirenents are often
sel f-chosen, but is nore likely to be successful in nusical terms for the | ess
experi enced player towards the free end of the spectrum



Schnei der and Fi sk (1983) have proposed an interesting corollary to the
above, based upon a classification of tasks into those requiring consistent or
vari ed processing:

"Practice |leads to apparently resource free automatic productions
for consistent processing but does not reduce (attentional) resources needed

for a varied processing task.' (p.129)
This idea is appealing and perhaps widely valid, but is too sinple to enconpass
the full conplexity of inprovisation. For part of the result of extensive
practice of inprovisation is an abstraction to greater and greater generality of
notor and nusical controls to the point where highly variable, often novel
specific results can be produced based on the automatic use of general, highly
flexi ble and tunable motor programs. More irrevocable constraints causing
attentional |oading seemto be tining and interhand co-ordi nati on (Pressing
1984a) .

Anot her relevant area is the optimumdistribution and nature of practice.
Ceneralisations here are particularly hazardous (Newell 1981) and | will confine
my conments specifically to inprovisation

The extrenmes of massed and distributed practice typically have
conpl ementary functions for the inproviser. Distributed practice devel ops
i medi acy, and consistency of results under variable conditions, whereas nmassed
rehearsal, by perhaps bringing to the player's awareness otherw se unpercei ved
repetitive aspects of his or her nusic, enables the transcendence or inprovenent
of stale nusical design. One is rem nded of the opinion of master trunpeter
Mles Davis that his sidenen only really got loose in the Iast set of the night,
after they had used up all their well-learned tricks (Carr 1982).

Variability of practice conditions is vital for inprovisation, for obvious
reasons, and this seens to be true of nearly all skilled behaviour (Schm dt
1983). Mental practice away fromthe instrunent can be inportant for perforners
of fixed nusic, based on internal hearing of scores, but there seens very little
record of its use in inmprovisation. This is presunmably due to the intrinsically
vital notoric |ink between perforner and instrunent for inprovisation

Techni ques used by nusicians to teach inmprovisation will be described in
section (c) below However sone general principles of skill teaching are
pertinent here. The successful yet contrasting approaches of the 'discovery
met hod and structural prescription (the use of instructions or denonstrations)
may be nentioned. The basic trial-and-error idea of the discovery nethod
probably requires little explanation; it has been often been used as an
i ndustrial training procedure, where | earning sessions are arranged so that
trai nees nust nake active choices which are normally correct, and which
therefore do not lead to ingrained errors (Wl ford 1976). Less formalised self-
di scovery techniques are certainly characteristic of much learning in the arts.
But structural prescriptionis also a vital part of skill learning. For all but
very sinmple skills, instructions seemparticularly effective when kept sinple,
and when focussing on goals and general action principles rather than ki nematic
details (Holding 1965, Hendrickson and Schroeder 1941, Newell 1981). This
certainly holds for inprovisation. Probably too nuch intellectual detail both
interferes with the fluid organisation of action sequences, as nentioned
earlier, and strains attentional resources.

(c) Studi es and theories of musical inprovisation

A cognitive overview of nuch of this literature has been given earlier
(Pressing 1984a, which includes references to dance and theatre), and will not
be repeated here. Historical surveys of inprovisation in Wstern nmusic may be
found in Ferand (1938, 1961), the New Grove Dictionary of nusic (1983) and
Pressing (1984b,c). These deal prinmarily with the period to 1900. Discussion
of avant-garde inprovisation since 1950 is included in
Cope (1984). Non-Western rnusical inprovisation is described by Datta and Lath
(1967), Jairazbhoy (1971), Wade (1973), Reck (1983) and Lipiczky (1985) for



Indian nmusic; by Nettl and Riddle (1974), Nettl and Foltin (1972), Zonis
(1973), Signell (1974, 1977) and Touma (1971) for various Mddl e Eastern
traditions; by Behague (1980) and Charles (1982) for Latin Anerican percussion
nmusi ¢; by Hood (1971, 1975), Harrell (1974) and Sumarsam (1981) for ganel ans
and other stratified ensenbles in Southeast Asia, and by Jones (1959) and Locke
(1979) for Ewe nusic of Ghana. Park (1985) has described the inprovisation
techni ques of Korean shanmans, Avery (1984) structure and strategy in Azorean-
Canadi an fol kl oric song dueling, and Erlmann (1985) variational procedures in
Ful ' be praise song. Nettl (1974) has provided thoughtful general insights from
t he perspective of the ethnonusicol ogi st.

In the 20th century prescriptive teaching texts on Western nusic
i nprovi sation are legion. Few, however, have the sorts of cognitive insights
useful in nodel-building, and alnost all are concerned with the specifics of
jazz (a small related nunber with blues and rock) or keyboard (particularly
French tradition organ) inprovisation. The jazz texts are too nunerous to
survey fully here and are in any case nostly quite repetitious. |nportant
pedagogi ¢ and anal yti c perspectives are however given by Coker (1964, 1975),
Schul l er (1968), Baker (1969), Owens (1974), Tirro (1974), Liebman, Beirach
Tusa, WIlianms, and Roy (1978), Dobbins (1978), Howard (1978), Murphy (1982) and
Radano (1985). Anopbng the better organ and piano texts nay be mentioned the
wor ks of Dupre (1925/37), Hunt (1968), Schouten (no date given), Gehring (1963),
and Berkowitz (1975). Weidner (1984) has al so presented a detail ed anal ysis of
five inprovisations by organist Charles Tournenmre. Analytical and prescriptive
texts which stand apart fromthe typical stylistic conventions above are the
wor ks of Bailey (1980), Bresgen (1960), Sperber (1974), Stumme (1972), and
Wit mer (1934). Except for Bailey, all of these take tonal nusic as their
primary area of discursion. Discussions which enphasise free inprovisation
often take a nore cognitive approach, but their useful ness is sonetinmes
conprom sed by vagueness or subjectivity. Valuable readings in this area
i nclude Silverman (1962), Jost (1974), Parsons (1978), Bailey (1980), and
speci al issues of Perspectives of new nusic (Fall-Wnter 1982/ Spri ng- Sumer
1983, pp.26-111), the Miusic educator's journal (1980, 66(5), pp.36-147),
Keyboard (10(10), Cctober 1984), and The British Journal of Misic Education
(1985, 2(2). Oher works of interest are those on choir inprovisation (Ehmann
1950 and Ueltzen 1986), silent-filmacconpani nent (Hanlon 1975, MIler 1982/83),
dul ci mer inprovisation (Schickhaus 1978), percussion gestures (Col dstein 1983),
and the 'MMCP interaction' (Biasini and Pogonowski 1971).

Musi cal inprovisation has al so been considered as a vehicle for
consci ousness expansion and the tapping of deep intuitions. A full history of
this 'transpersonal' approach would go
back t housands of years to the sacred texts of nany religions. Here | only
survey recent Western opinion. Hamel (1976/1979) has intelligently chronicled
nmusi ¢ of the avant-garde (e.g. Riley, Stockhausen) fromthis perspective.

Laneri (1975) has devel oped a phil osophy of inprovisation based on different
states of consciousness, featuring the concepts of synchronicity and
introversion. The resultant nmusic is primarily vocal, since the voice is
considered the primal instrunent. A powerful system of sonic neditation npst
applicable to vocal inprovisation groups has been devel oped by Aiveros (1971).

' Sensi ng' conpositions have been published by Gaburo (1968). An attenpt to
connect nusic, altered states of consciousness and research i n parapsychol ogy
has been given by Pressing (1980), while Galas (1981/82) has created a pri mal
vocal music based on obsession, excessive behaviour, and trance states of severe
concentrati on.

The approaches to the teaching of inprovisation in the literature nay be
broadly grouped as follows. First, there is the perspective overwhen ngly found
in historical Western texts, that inprovisation is real-tinme conposition and
that no fundamental distinction need be drawn between the two. This phil osophy
was dom nant in pre-Baroque tinmes but had become rare by the 18th Century. In



practice this results in a nuts-and-bolts approach with few inplications for the
nodel I i ng of inprovisation beyond basic ideas of variation, enbellishment and
other traditional processes of musical devel opnent. A second approach, which
historically took over as the first one waned, sets out patterns, nodels and
procedures specific to the inprovisational situation, which, if followed by
t hose possessing a solid enough | evel of nusicianship, will produce
stylistically appropriate music. |In this category fall the many figured bass
and nel odi c enbel | i shment texts of the 17th and 18th centuries (e.g. Mersenne
1635, Quantz 1752/ 1966, Bach 1778/ 1949, Arnold 1931/65), as well as the riff
conpendi a and howto-do-it books in the field of jazz (e.g. Coker, Casale,
Canpbel I, and Greene 1970, Sloninmsky 1975, Nel son 1966).
A third technique is the setting of a spectrum of inprovisational problens

or constraints. The philosophy behind this technique shows a clear contrast
wi th the second approach above, as described by Doerschuk (1984), referring to
the Dal croze system

"The art of inprovisation rests on .... a devel oped awareness of
one's expressive individuality. This knowl edge grows through interactive
exercises with a teacher, whose function is not to present nodels for imtation
but to pose problens intended to provoke personal responses.' (p.52)
Jaques-Dal croze (1921) seens to have pioneered this approach in our century with
a revealing series of inprovisation exercises for piano. These include
conposition-like problems in rhythm nmel ody, expressive nuance, and harnony;

muscul ar exercises; imtation of a teacher; exercises in hand independence;
the notation of inprovisation just after performing it; and what nay be terned
an 'interrupt' technique. |In this last technique the word 'hopp' is recited by

the teacher, as a cue for the student to perform pre-set operations such as
transposition or change of tenpo during the performance. This technique is
rem ni scent of a much |ater suggestion by Roads (1979) that musical grammars
used in inmprovisation mght by 'interrupt-driven'. This idea is developed in
t he nodel bel ow.

Parsons (1978) has nade effective use of this third technique in a
collection of short pieces by many different conmposers defined |largely by
i mprovi sational instruction sets; he also presents a taxonony of
psychoi nprovi sati onal faults and reconmended exercises for correcting them A
shorter multiauthor collection of inprovisational exercises is found in
Arnbruster (1984). Jazz fake books like the Real book (no listed authors or
dates) or The world's greatest fake book (Sher 1983) may al so be considered to
act along the lines of this technique.

A fourth approach is the presentation of nultiple versions of inportant
nusi cal entities (nbst comonly notives) by the teacher, |eaving the student to
i nfer completely on his or her own the ways in which inprovisation or variation
may occur by an appreciation of the intrinsic 'fuzziness' of the nusical
concept. This imtative self-discovery approach is found in the Persian radif,
which is a repository of nusical material learned in a series of increasingly
conpl ex versions by the aspiring perfornmer (Nettl and Foltin 1972), and in
Ghanai an traditions (K. Ladzekpo, personal comunication), for exanmple. A
rel ated procedure nade possible by the use of recording technology in the 20th
century is for the student to directly copy a nunber of inprovised sol os by
repeated listening to recordings, and fromthis extract common el enents and
variation procedures. Song-form based inprovisations, in which solos consist of
a nunber of choruses which repeat the sane underlying chord progression, are
particularly suitable. This method has been widely used in jazz and bl ues since
the end of the First Wrld War.

A fifth approach is allied to the self-realisation ideas of hunmanistic
psychol ogy. It is based on concepts of creativity and expressive individuality
whi ch go back in rmusic explicity at least to Coleman (1922), inplicity certainly
to Czerny (1829/1983), and probably in a general sense at |least to the



Enl i ghtennment. Inportant educational applications of this idea are found in the
works of Carl O ff, Zoltan Kodaly, Suzuki (cf. MIIs and Murthy 1973) and
particul arly Jaques-Dal croze (1921/1976, 1930) and Shafer (1969). |In the words
of Jaques-Dal croze, 'Inprovisation is the study of direct relations between
cerebral comands and nuscular interpretations in order to express one's own
nusi cal feelings....Perfornance is propelled by devel opi ng the students' powers
of sensation, imagination, and nmenory'. (in Abranson 1980, p.64).

Research on optimal techniques for teaching inprovisation has seem ngly
only been carried out in the last two decades, with nearly all of it in the
field of jazz. The inportant study by Partchey (1973) which showed the val ue of
nodel s and particularly of subsequent aural feedback in learning to inprovise
has al ready been mentioned above. Wrk by Hores (1977) has shown that visua
and aural approaches to the teaching of jazz inprovisation can be equally
effective. Burnsed (1978) |ooked at the efficacy of design of an introductory
jazz inprovisation sequence for band students. Suehs (1979) devel oped and
assessed (by adjudication) a course of study in Baroque inprovisation
techni ques. Carlson (1980) described a teaching strategy based on the anal ysis
of jazz trunpet performance practice.

Bash (1983) conpared the effectiveness of three different instructional
met hods in learning to inprovise jazz. Method | was a standard technica
procedure based on scales and chords. Method Il supplenented this technica
di mension with aural perception techniques which included rote vocal responses
to blues patterns, blues vocalisations, and instrunental echo response patterns
based on rote or procedures of generalisation. Method Il supplenented the sane
techni cal procedures of Method | with an historical-analytical treatment. Al
t hree nethods gave inproved results over that of a control group, and nethods |
and I'll, though no significant difference was found between them were both
superior to method I. The results show the value of specific theoretical and
technical instruction, and also of its supplenentation by relevant aura
training or analyses of performance strategies used by virtuoso inprovisers.

A study by Mornman (1984) anal ysed t he pedagogi ¢ nethods of selected jazz
teachers, and found a conmon enphasis on nelodic, rhythm c and harnonic
foundati on studies. Morman al so gave an anal ysis of 25 sel ected inprovisation
by 'nane' jazz players, using Rudol ph Reti's ideas of thematic process.

Finally, Paul son (1985) exami ned and verified the useful ness of imtation (of
master performers) in jazz inprovisation instruction

One final conment on inprovisation teaching seens apposite. This is the
fact that the optimally effective teacher is able to direct evaluative coments

on several different levels. One is the technical - 'Your notes don't fit the
chord', 'The piano is is lagging behind the bass,' etc. Another is the
conpositional - '"Try to develop that notive nore before discarding it', 'Use
nmore rhythmic variety in pacing your solo', 'Misical quotations seem

i nappropriate in this free a context', etc. Yet another level is the use of
organi sing nmetaphor, a vital part of the tradition of jazz teaching - 'Use nore
space', 'Digin', "G for it', "Play nore laid-back', 'Don't force it - follow

the flow, etc. Sinple coments of this kind can be remarkably effective at
renovi ng inprovisational blocks, when delivered at a proper tine.

Pi ke (1974) has presented a brief but insightful phenomenol ogy of jazz.
H s approach considers the projection of 'tonal imagery' to be the fundanental
process in jazz inprovisation. Tonal inmagery is either 'reproductive' (nenory-
based) or 'productive' (creative). The inproviser operates in a 'perceptua
field which acts as a framework in which the inproviser's imgery appears and
originates. This field includes not only the perception of external tona
events, but the perception of internal imges, as well as the states of
consci ousness evoked by these images. |Images in this field are conbi ned,
associ ated, contrasted and ot herwi se organi sed. The phenonenol ogi cal operations
describing this are processes such as repetition, contrast, continuity,
conpl etion, closure, and deviation. Qher aspects of inprovisation defined by



Pike include "intuitive cognition', an inmedi ate penetration into the singular
and expressive nature of an image, and 'prevision', a glinpse into the
devel opnent al horizons of an enbryonic jazz idea.

Al t hough sone of Pike's clains are open to question, for exanple his
uncritical acceptance of concepts like Hodeir's "vital drive' (Hodeir 1961), his
short paper renmains an inmportant introspective analysis of the experience of
i mprovi sation. The only other extensive phenonenol ogi cal treatnent of
i mprovi sation seenms to be Mathieu' s (1984) study of nusician/dancer duo
performances. O her perspectives on the experiences of the inproviser have been
given by Mlano (1984), in an interview with jazz pianist/psychiatrist Denny
Zeitlin, and Sudnow (1978), who has produced a basi c et hnonet hodol ogi ca
description of learning to play jazz at the piano. Related phil osophica
argunents have been given by Al person (1984) and Kl eeman (1985/86).

Finally it nay be proper to note that the conputer age has spawned new
hybri ds of conposition and inprovisation. Fry (1980, 1982/83) has descri bed
nmusi ¢ and dance i nprovisation set-ups using conputer sensing and control
devi ces. Chadabe (1984) has described a nethod of 'interactive comnposition'
wher eby novenents of the hands in space near two proximty-sensitive antennas
trigger and exert partial control over real-tinme conputer sound generation
Interactive conputer-based performance systens have al so been used by tronboni st
Ceorge Lewis and a host of perfornance artists, including this witer. M che
Wi svi sz has devel oped ' The Hands', a novel performance instrument interfacing
with a variety of synthesisers. And recently avail able software, such as the
Maci nt osh-based M and Jam Factory, has inprovisational and interactive features
that seemrich with pron se

(d) Oral traditions and fol kl ore

The idea that traditional folk tales frommany cul tures have underlying
unities, which nay be interpreted as narrative granmars, is a fairly well-
est abl i shed one (Propp 1927, Thonpson 1946; Nagler 1974). Explanations of this
fact have tended towards one or the other of two vi ewpoints.

A common (particul arly European) perspective in the study of oral tradition
and fol klore has been a focus on their repetitive and inmitative aspects, with
the frequent assunption of an Urtext which has undergone historical and
geographic transformation. A powerful opposing view, and one which seens
increasingly relevant as a description of referent-based inprovisation, is found
in the 'formul aic conposition' proposals of MIman Parry and Al bert Lord (Parry
1930, 1932; Lord 1964, 1965).

Fornul ai ¢ conposition was fornulated fromM I man's intense study of the
Homeric epics, particularly the Odyssey, and given further support by research
wor k on Yugoslav fol k epic poetry by MIman and Lord. It is also considered to
be applicable to other oral epics such as Beowl f and the Chanson de Rol and, and
has been used to anal yi se Latvian fol ksong texts (Vikis-Freibergs 1984). 1In
this view epic oral poetry is created anew at each perfornmance by the singer
froma store of fornulas, a store of thenes, and a technique of conposition

These is no 'original' version; instead the traditionis multiform A
"formula'" is a group of words regularly enployed under the sane netrica
conditions to express a given essential idea; it has nelodic, netric,

syntactic, and acoustic dinensions. By choosing froma repertoire of roughly
synonymous fornulas of different |engths and expandi ng or del eti ng subt henmes
according to the needs of the performance situation, the experienced perforner
is able to forrmulaically conpose (in real-tine, hence inprovise) a detail ed and
freshly

conpel ling version of a known song epic. As a result of the conposition system
i nstances of pleonasm and parataxis are conmon.

The formul as considered as a group reveal further patterns. In the words
of Lord (1964):



"...the really significant elenent in the process is... the setting
up of various patterns that nake adjustnent of phrase and creation of phrases by
anal ogy possible' . (p.37)

In addition, the pernmutation of events and fornulas may occur, as well as the
substitution of one thene for another.

Yet the traditional singer does not seek originality with this technique,
but hei ghtened expression. Lord speculates that fornulas originally grew out of
a need for intensification of neaning or evocation. 'The poet was sorcerer and
seer before he becane artist' Lord (1964, p.67).

The rel evance of fornulaic conposition to specific types of nusica
i mprovi sation has recently been discussed by several witers. Treitler (1974)
has argued that Gregorian chant was conposed and transnitted in an anal ogous
process to that used in the oral epics. Smith (1983) and Smith (1985) have used
the process to describe the constraints inposed on the song-based jazz
perforner, including an analysis of piano inprovisations by Bill Evans.

Kernfeld (1983) has exam ned how far formulas nmay be used to describe the nusic
of saxophoni st John Coltrane. Reck (1983) has produced the evocative idea of a
musi cian's 'tool-kit', in a mamoth study of five performances by South | ndian
nmusi ci an Thi rugokar nam Ramachandra lyer. The tool-kit is considered to be

pi ece-specific and contain both individually-chosen and culturally-determ ned
formul as, nusical habits, nmodels of inprovisational and conpositional forns,
aesthetic values, and social attitudes.

The application of Parry-Lord theory to nusical inprovisation is thus a
clear contenmporary trend. The linmts of its validity and useful ness are stil
open questions, and are probably |inked to whether a satisfactory agreenent can
be reached on the principles to be used to define nusical 'fornmulas'.

(e) Intuition and creativity

These are two related concepts, each with a vast literature. Their
connection with inprovisation is undeniable, yet explicit nmention of it in
either field is rare. On the other hand, 'free' musicians and many mnusic
educators conmonly use the two ternms, but often without a very clear notion of
just what is being discussed. This section attenpts to bridge this gap

The concept of intuition is nmuch older than creativity, and it has separate
phi | osophi cal and psychol ogi cal traditions. Wstcott (1968) has provided an
excel | ent general survey, enunerating three historical approaches to
phil osophies of intuition. First cones Cassical Intuitionism(e.g. Spinoza,
Croce, Bergson), which views intuition as a special kind of contact with a prine
reality, a glinpse of ultinate truth unclouded by the machi nati ons of reason or
t he conpul sions of instinct. Know edge gained through this kind of intuitionis
uni que, i medi ate, personal, unverifiable. The second approach, called by
Westcott Contenporary Intuitionism (e.g. Stocks 1939, Ewi ng 1941, Bahm 1960),
takes the nore restricted view that intuition is the inmedi ate apprehensi on of
certain basic truths (of deduction, mathenmatical axions, causality, etc.). This
i medi ate knowi ng stands outside |logic or reason and yet is the only foundation
upon which they can be built up. Know edge gai ned through intuition constitutes
a set of 'justifiable beliefs', which are neverthel ess subject to the
possibility of error. A third approach is positivistic (e.g. Bunge 1962) in
that it rejects as illusory both the notions of imediacy and ultinate truth
found in sone earlier views. Rather, an intuition is sinply a rapid inference
whi ch produces a hypot hesi s.

O all these views, it is perhaps that of French phil osopher Henri Bergson
(1859-1941) which shows the greatest affinities with the comon metaphors of
i mprovi sation. Bergson saw intuition as a way to attain direct contact with a
prinme reality ordinarily masked from human knowl edge. This prine reality is an
ongoi ng novenent, an evol ving dynanmic flux which proceeds along a definite but
unpr edi ct abl e course.



"The prine reality is referred to as "the perpetual happeni ng" or
“duration".

The mi nd of man, according to Bergson, is shielded fromthe perpetua
happeni ng

by the intellect, which inposes "patterned inmobility" on prime reality,
di s-

torting, innobilizing, and separating it into discrete objects, events and

processes. In the perpetual happening itself, all events, objects, and

processes are unified (in Wstcott 1968 p. 8).
In Bergson's view, the intellect can freely interact with the fruits of
intuition (special know edge and experience) to develop an enriched persona
per specti ve.

The notion of tapping a prine reality is very sinilar to the inproviser's
aesthetic of tapping the flow of the nusic, as nentioned above. The sane
apparent process has been el oquently described with regard to the origins of
folk tales frommany cultures by English witer Richard Adans:

‘... | have a vision of - the world as the astronauts sawit - a
shi ni ng gl obe,
poi sed in space and rotating on its polar axis. Round it, enveloping it
entirely, as one Chinese carved ivory ball encloses another within it, is

a second ... gossaner-like sphere .... rotating freely and i ndependently
of the rotation of the earth.
Wthin this outer web we live. It soaks up, transnutes and is
char ged

wi th human experience, exuded fromthe world within |ike steamor an aroma
from cooking food. The story-teller is he who reaches up, grasps that

part

of the web whi ch happens to be above his head at the noment and draws it
down -

it is, of course, elastic and unbreakable - to touch the earth. Wen he
has

told his story - its story - he releases it and it springs back and
conti nues

in rotation. The web nmoves continually above us, so that in tine every
poi nt on

its interior surface passes directly above every point on the surface of
t he

world. This is why the sane stories are found all over the world, anobng
di fferent

peopl e who can have had little or no conmunication with each other.'

(Adans 1980, p.12)
There is a clear convergence of imagery in this and other descriptions that
points to a likely transpersonal conmponent to inprovisation

The psychol ogi cal perspectives on intuition are nany and varied, but only
two seemrel evant here. The first is the widely occurring idea that intuition
is a special case of inference which draws on cues and associ ati ons not
ordinarily used (Westcott 1968). A sinmilarity with certain theories of skil
| earning mentioned in section Il (iii) above is apparent. A second and wi de-
rangi ng approach is found in the recent work by Bastick (1982), which includes a
search of over 2.5 mllion sources for conmon properties underlying intuition
After the identification and detailed analysis of some 20 of these properties,
Bastick ends up describing intuition as a conmbi natorial process operating over
preexi sting connections anmong el enents of different 'enotional sets'. These
enotional sets apparently contain encodi ngs, often redundant, of nmany different
life events (intellectual activities, novenent, enotion, etc.). By giving
strong enphasis to the role of dynamics, bodily experience, and the nmaxi m zing
of redundancy in encoding, and by a series of suggestive diagrans of intuitive



processi ng, Bastick seens to be on an inportant track parallel to energing ideas
of inprovisation.

Research in creativity is probably nore extensive than that in intuition
for intuition is nost comonly considered a subcategory of creativity.
Certainly, general theories of creativity are legion, and a full review of them
woul d exceed the scope of this paper. But nmuch of the research in nusica
creativity of relevance to inprovisation draws on the general frameworks set up
by Guilford, and several aspects of his work deserve nmention here. First, his
structure-of-Intell ect nodel proposed a taxonony of factors of intelligence
(Quilford 1977, Guilford and Hoepfner 1971, and earlier references nentioned
therein). These intelligence factors, which nunber 120, are classified al ong
t hree di nensi ons:

t hought content - visual, auditory figural, semantic, synbolic, and behavioura
i nformation;

ki nds of operation performed on the content - cognition, nenmory, convergent
production, divergent production, evaluation

products - the results of applying operations to content - units, classes,

rel ations, systens, transformations, and inplications.

These classifications are related to inprovisation in a general way, but despite
their intuitive appeal, they have so far been fairly resistant to enpirica
verification.

Second, Cuilford and Hoepfner (1971) classified techni ques of eval uation
(in problemsolving), which they held to be due to appeals to | ogica
consi stency, past experiences, feeling of rightness, or aesthetic principles.
Such a classification also has inplications for inprovisation (see nodel bel ow).

Most inportantly, Guilford (1956, 1957) defined a set of six aptitudes for
creative thinking: fluency, flexibility, originality, elaboration
redefinition, and sensitivity to problens. As cited in a recent useful survey
of creativity research in nusic education (Richardson 1983), the first four of
these aptitudes are considered to be objectively testable and have been
i ncorporated into the design of inprovisation tests used to evaluate creativity.
Studi es specifically concerned with nmusic are those of Vaughan (1971), Corder
(1976, 1980), and Webster (1977). GCorder's work in particular denonstrates the
feasibility of fairly objective assessnment of Guilford-type aptitudes for a
thene and variations inprovisation protocol. The criteria for objective
eval uation of creative work have been di scussed in general ternms by Anabile
(1983).

Brennan (1982) used CGuilford's classification schene to investigate dance
i mprovi sation. She was able to subdivide the perfornances into snaller novenent
units, which could be used to exam ne the presence of specific creative
aptitudes (e.g. originality, flexibility). She also found | ow correlation
bet ween novenent inprovisation aptitude and pencil and paper tests of creative
ability and concluded that nmotor creativity is a separate faculty, which, as
poi nted out by Troup (1986), accords with Guilford and Hoepfner's (1971) theory
that 'novenent responses represent a separate category of divergent production
abilities'. Misic perfornmance, based as it is on refined nmotor skills, nust
al so be part of this separate category.

A further group of studies exists that looks prinmarily at relations between
notor or mnusical creativity and other factors such as general creativity,
intelligence, nusicality, and conposition training. (These issues are also
rai sed by Vaughan 1971, CGorder 1976, and Webster 1977). These include Tarratus
(1964), Roderick (1965), Vaughan (1977) and to a | esser degree Wrick (1968).

In general the results here do little nore than confirmthe independence of the
categories of motor or nusical creativity fromother such factors, G eenhoe's
(1966) notion (and the comonly hel d opinion of inprovisers) that special
supporting aptitudes are required for musical creativity.



(f) Artificial intelligence

This field is concerned with progranmi ng conputers to be intelligent
probl em sol vers. The framework of action is usually formulated in terns of a
probl em space whi ch nust be searched for correct solutions. Since interesting
probl em spaces are nearly always too |large to be investigated conpletely, a
maj or focus of the field is the design of better heuristic search techniques.
Coupl ed naturally with this are many methods and frameworks for the
representati on of know edge.

There is traditionally no explicit nention of inmprovisation in the field.
In naking such a link, it seens clear that the successful application of Al
concepts to inprovisation rests to a |large degree on the appropriateness of
considering inprovisation to be a kind of problemsolving. There is little
doubt that such an anal ogy can be fruitful, particularly for referent-guided
i mprovi sation. For exanple, the process of inprovisation may be divided up into
a nunber of tine points, and viewed as a succession of small probl ens, each of
which is the production of an appropriate chunk of nusical action at the current
time point, where the constraints on action are the referent, goals, and rnusical
actions at earlier time points. Alternatively, the tine scale may be drawn much
coarser, and each conplete inprovisation nay be considered a solution to a nuch
nore generally stated problem e.g. inprovise a chorus on 'l got rhythni
changes, within the constraints of bebop style.

Bef ore surveying the fruits of this approach it may be wise to spell out
its limtations. Experientially, inmprovisation can seemto be far-removed from
problem solving. This is particularly so where the goals of the nusic-nmaking
are exploration and process, rather than the presentation of artistic product.

It is also very difficult to i magi ne how one coul d ever specify the 'probl ens'
in freer types of inprovisation with sufficient detail to allow specific Al
techni ques to be used in nmodelling. Such problemfornulations, even if
possi bl e, would be very personal, open-ended, and sonetimes contradictory.

Wth these provisos, we exam ne how various Al probl emsolving techni ques
m ght apply to inprovisation. Search techniques cone in several variants,

i ncluding depth-first, breadth-first and best-first. Al use a generate-and-
test procedure to find solutions to a problem Clearly there are possible
connections with inprovisation. Generate-and-test could be applied to |l earning
to i nprovise, where generation is sound production and testing is |istening back
to generated nmusic; or, it could describe internal cognitive selection
processes, where testing is based on internal hearing of generated
possibilities, before one is chosen as the actual mnusical output at a given
time. Unfortunately with regard to this second interpretation there is a
serious limtation: the inevitable use of back-tracking in the search processes
cannot be very significant in inprovisation due to the cognitive linitations of
real -tine processing. The need of the inproviser is for a good solution, not
the best, for there is probably no single 'best' solution, and even if there
were, it would take too long to find it. Therefore, the nunber of solution
pat hs conpared at any one step is probably very strongly limted, perhaps to two
or three.

Anot her probl em sol ving technique is problemreduction: that is, reducing
a problemto a set of subproblems. This is a combn way to | ook at the teaching
of inprovisation, but seens less likely to apply to doing it, where integration
of action is required. O course there is no proof of this; we know far too
little about the workings of the brain. Constraint satisfaction, on the other
hand, is a techni que whose principles seemto apply to inmprovisation. The
constraints are the referent, goals of the performer, stylistic norns, etc.
Finally, nmeans-ends analysis is a technique that is based on conparing current
and goal states. Because it involves considerable back-tracking, it is unlikely
to apply to the inprovisation process. Yet |like other methods above, it seens
rel evant to the process of learning inprovisational skill. 1In general then



learning to inprovise (that is, to structure nusical inpulses within aesthetic
guidelines) is nore like problemsolving than is inmprovising itself.

Anot her main branch of artifical intelligence is know edge representation.
The rel evance to inprovisation seens clear, for any particul ar node of know edge
representation nakes it efficient to do certain things and inefficient to do
others. And efficiency is what the inproviser needs above all

Knowl edge representation in Al is based on many ideas, including indexing,
concept ual dependency, hierarchies, semantic nets, nultiple representation
bl ackboards (actually a type of interprocess conmunication), frames, scripts,
stereotypes, and rule nodels (Rich 1983, Lenat 1984). Wth respect to
i mprovi sation, nmany of these are nore suggestive than readily applicable.

I ndexi ng, for exanple, is too artificial, whereas conceptual dependency, in
which information is represented by certain conceptual primtives, is too
strongly linked with natural |anguage structure. Hierarchies have been

di scussed previously. Senantic nets are perhaps nore promsing: information is
represented as a network of nodes connected to each other by |abelled arcs, each
node representing an object, event or concept, and each arc a relation between
nodes. Such a graph could be drawn for rnusical objects and events, but
paranetrical l y-tunabl e processes are not easy to represent, and this is a
serious drawback.

Multiple representation, however, is an inportant idea, and one which is
inplicit in parallel-processing ideas nmentioned earlier. The increased
flexibility and efficiency possible with multiple representation argue very
strongly for its inclusion is any nodel of inprovisation. Gelernter (1963)
successfully applied the idea to problens in plane geonetry by using
si mul t aneous axi onmatic and diagranmatic representations. Another interesting
application is the notion of the 'blackboard', an organisation of the problem
space into nultiple |levels of representation, typically along a dinension
i ndicating | evel of abstractness. Thus a spoken sentence nmay be processed at
| evel s of acoustic wave form phonenes, syllables, words, word sequences,
phrases, etc. FEach part of the blackboard is triggered automatically as
rel evant information cones in. Miltiple representation also strengthens the
possibilities for anal ogy, and pronotes synergy, by which is nmeant the co-
operative action of parts of a conplex system (Lenat 1984).

The | ast four ideas nentioned above, franes, scripts, stereotypes, and rule
nodel s, are considered to be various types of schema (Rich 1983). The use of
the word here is slightly different than in the area of notor behavi our (cf.
Adans 1976 for a survey). Frames are used to describe collections of attributes
of an object. A frane consists of slots filled with attributes and associ at ed
val ues. Like nost slot-and-filler structures, franes facilitate the draw ng of
anal ogi es. ldeas equivalent to the frame are found in the inprovisation nodel
below. Scripts are sinply normative event sequences and in so far as they apply
to inprovisation have nuch in comon with the generalised notor schemas of
section (b) (i) above. Stereotypes have their usual nmeaning and are parts of
the norns of nusical style, but are often avoided by the best inprovisers. Rule
nodel s descri be the common features shared by a set of rules which formthe
basis for a 'production system. |If the inprovising nmusician is the production
system the inportant rules will be largely heuristic and the rules about rules
may be terned netaheuristics. Sone of these will be culturally and historically
based, while others presumably reflect intrinsic properties of the hunman
t hi nki ng apparatus. Serafine (1983) has presented an insightful discussion of
this distinction fromthe standpoint of the cognitive psychol ogi st.

In principle it should be possible to integrate appropriate Al techniques
to construct an expert system which inprovises. One of the very few such
attenpts is the unpublished work of Levitt (1981), which dealt with jazz
i mprovi sation. The idea awaits further devel opnment.



(9) Spont aneous speech

The much di scussed anal ogy between | anguage and nusi c has, perhaps, sone
inmplications for inprovisation. The clearest parallel seenms to be with
spont aneous speech, which has a conparable creative conponent. Troup (1986), in
a brief review of this parallel, points to some suggestive possibilities. For
exanpl e, spontaneous speech is often characterised by pauses, repeats, false
starts, and delaying syllables like "um and 'ah' indicative of real-tine
cognitive processing limtations. (CGoldman-Eisler 1968, Kowal, Bassett and
O Connell 1985). Pauses and repeats presunably have this function (anmong
others) in nmusical inprovisation. Are there also nusical devices correspondi ng
to the false starts and del ayi ng syl |l abl es of spontaneous speech?

Petrie (1983) conpared differences in cognitive processing |oad during
speaki ng and during pauses in articulations by looking at interference with a
second sinultaneous task. |Interference was greater during the pauses,
suggesti ng hei ghtened cognitive processing demands in those periods. Does a
simlar effect occur in nmusical inprovisation? |If so, this could be correl ated
with the level of structural conplexity or originality occurring in the rnusic
i medi ately followi ng such pauses. Further work is clearly required if such
parallels are to be devel oped to the point where they can nmake a significant
contribution to inprovisation nodelling.

I11. A nodel of inmprovisation

Any theory of inmprovisation rmust explain three things: how people
i mprovi se; how people learn inprovisational skill; and the origin of nove
behaviour. It nust also be consistent with the numerous recurring thenes
revi ewed above. The nodel given here seens to satisfy these conditions.

(a) How peopl e i nprovi se
The first part of this nodel describes the process of inmprovisation. It
begins with the observation that any inprovisation may be partitioned up into a
sequence of non-overl apping sections. By non-overlapping it is sinmply neant
t hat sounds are assigned to only one section, not that the sounds thensel ves do
not overlap. Let each of these sections contain a nunmber of nusical events
(e.g. a group of notes, one or nore gestures or phrases, etc.) and be called an

event cluster Ei. Then the inprovisation | is sinply an ordered union of al
t hese event clusters. Formally,
| = El, E2,....EN (1)

From a nai ve anal ytical perspective there is a |arge nunber of ways such a
partitioning could be made. Qur first najor assunption is that every

i mprovisation is actually generated by triggers at specific tine points t1, t2,
....tn that instigate the novenent patterns appropriate to effect intended

musi cal actions. Each time point is thus the point at which decided action
begins to be executed. Note that it is schemas for action that are triggered,
not precise novenent details, and subsequent notor fine-tuning based on feedback
processes goes on after each tine point. Most often tinme points will have clear
nmusi cal correlates, with adjacent event clusters being set off from each other
by | ocal musical boundary criteria: pauses, phrase junctures, cadences,
groupi ng by sequence, etc; but this need not always be the case.

Wth this interpretation, equation 1 is a unique specification of the
timng of central decision-naking made by the inproviser. The inprovisation nay
then be viewed as a series of
"situations', where the (i + 1) th situation is confined primarily to the tine
interval (ti, ti+l) and entails the generation of the cluster E +l on the basis
of the previous events

El, E2,....E = E i, the referent R (if one exists), a set of current
goal s , and long-termnenory M The referent R is an underlying piece-
speci fic guide or schene used by the nusician to facilitate the generation of



i mprovi sed behavi our (Pressing 1984a). The process of event cluster generation
may then be witten

(2)
Decision-making in the (i+1)th situation may in principle extend well back
before time ti, depending on the degree of presel ection used by the perforner,
and will also extend slightly into the future, in that fine details of notor
control will be left to lower control centres and hence may occur after ti+1

Equation (2) applies strictly only to solo inprovisation. The only changes
with group inprovisation are that, first, all perforners would have their own
di stinct time point sequences (even though they would often be partially
correl ated), and second, players will normally interact. Equation (2) can be
readily extended to apply to all K menbers of an inprovisation ensenble by
writing

( E ., R . Mi Ei +1

( E , C R , Mi Ei +1, k=1,....K
(3)

where subscripts refer to the kth performer, and C stands for perforner k's
cognitive representations of all previous event clusters produced by the other
perfornmers and any expectations of their likely future actions. For sinplicity,
we use the formalismof equation (2) and speak prinmarily in terns of solo
i mprovisation in what follows, adding in the effects of other performers in a
strai ghtforward manner as needed at certain points.

Any given event cluster E has a nunber of sinultaneously valid and
partially redundant 'aspects'. Each aspect is a representation of E froma
certain perspective. Mst inportant are the acoustic aspect (produced and
sensed sound), the nusical aspect (cognitive representation of the sounds in
terns of nusic-technical and expressive dinensions), and the novement aspect
(including tinm ng of muscul ar actions, proprioception, touch, spatial
perception, and central nonitoring of efference). Visual and enotional aspects
normally also play a role, and in principle there may be others. Furthernore
each aspect exists in two forns, intended and actual. Each intended formis
specified at a specific time point: the corresponding actual formis
constructed from subsequent sensory feedback. The gap between these two forms
is reduced by sound training in nusicianship and inprovisation practice, but it
never dwi ndles conpletely to zero. Hence in equation (2) or (3) the variable E
i represents intended and actual forns of all aspects of event clusters El to
Ei-1, the intended formof E, plus, over the course of the time interval (ti,
ti+1), increasing feedback on the actual formof E . By ti+1l, when centra
conmmands for Ei +1 are transnmitted, the ongoing nature of inprovisation probably
demands that integration of the intended and actual forns of Ei be virtually
conpl ete

The details of the proposed nodel of what occurs in the (i+1)th situation,
that is, the selection of Ei+1, are as follows:

1. Ei is triggered and executed (it may spill on briefly to tinmes t ti+1)
2. Each aspect of Ei may be deconposed into three types of analytica
representation: objects, features, and processes. An 'object' is a unified
cognitive or perceptual entity. It may, for exanple, correspond to a chord, a
sound, or a certain finger notion. 'Features' are paraneters that describe
shared properties of objects, and 'processes' are descriptions of changes of

objects or features over time. At ti this deconposition is based only on

i ntended information (efference); by ti+1 much of the actual formof Ei

recei ved through the senses and internal feedback, has been used to refine the
cognitive representation of Ei. This may continue after ti+1. Let this
deconposition into objects, features, and processes (for each aspect) be
represented by three variable-dinension arrays O F, and P, and assune that they
represent all information about Ei needed by the inproviser in decision-naking.
anal ysed by others, if the player does not use themin his or her cognitive
representation, their s values would be zero. Sanple object, feature and



process arrays for the followi ng event cluster (a short trombone notive) are
given by way of exanple (Fig.1), for the nusical aspect only. Considerable
redundancy of representation has been set out in the process array, and the
feature array has been based only on single objects, so that its columm | abels
are identical to those of the object array. |In a nore conplex case features of
groups of objects could be present as additional colums.

3. The structures of the three types of arrays are as follows. The object
array is a 2xN array where row 1 conponents | abel the objects present and row 2
gi ves their associated cognitive strengths sk (explained below). The feature
and process arrays are typically non-rectangular. Their first rows consist of
obj ect and process | abels respectively, and each colum below that rowis built
up of a nunber of pairs of elements which give the values vjk of associated
features or process paraneters and their correspondi ng cognitive strengths sjk.
The arrays are non-rectangul ar because different objects nmay possess different
nunbers of significant features or process paraneters. The feature and

par amet er process values vjk vary over ranges appropriate to their nature,
whereas cognitive strengths sjk are normalised to vary between 0 and 1
Cognitive strength is essentially an indicator of attentional |oading, that is,
the inmportance that the given factor has in the perforner's interna
representation. Thus even though certain features may be objectively present,
as

and possibilities of Ei. There seemto be only two nethods of continuation
used: associative or interrupt generation. |In associative generation the
i mprovi ser desires to effect continuity between Ei and Ei +1 and picks new arrays
G +1, Fi+1, Pi+1 whose set of strong cognitive conponents includes all or nearly
all of the set of strong cognitive conmponents of G, Fi, and Pi, with the val ues
of these shared conponents being directly related (as described in point 5). In
other words the Ei conponents with high s values carry their information on in
some way to Ei +1. These new arrays act as a set of constraints which detern ne
in conjunction with various generation processes, the nusical actions generated
for Ei+1. The relative inportance of different feature and process constraints
in the overall event generation process is indicated by their respective
cognitive strengths sjk. Note that the Ei +1 arrays nmy contain new strong
conponents (constraints) that were previously weak or conpletely absent. In
particular, it is possible to add a new i ndependent nusical process to a
continuing one to produce an associative continuation which has a clear sense of
novelty (e.g. the introduction of a new part in polyphonic nusic).

In the case of interrupt generation the inproviser has had enough of the
event train ending with Ei (for whatever reasons) and breaks off into a
di fferent musical direction by resetting a significant nunmber of strong
conponents of O +1, Fi+1, Pi+1 without any relations to Ei except possibly those
chosen to be normative with regard to style in the piece, or intrinsic to the
referent (if present) or goals. Cearly, the nore strong conponents that are
reset, the greater the sense of interruption
4. Production of Ei +1 occurs prinmarily on the basis of long termfactors (R
, stylistic norms and on-goi ng nusical and novenent processes), and by
eval uation of the effects
5. Associ ative generation is based on either sinmlarity or contrast. 1In the
case of simlarity all or nearly all inportant (inportant as determined fromthe
vant age point of the inproviser) array conmponents stay approxi mately the sane.
In other words for those conmponents vjk wth sjk's significantly above zero at
time t=ti,

(vik)ti  (vjk)ti+l. Significant object array conponents behave
anal ogously. In the case of contrast-type associative generation, at |east
one strong component of either the feature or process array mnmust either nove



fromnear one end of its possible range of values to near the opposite end, or
cross sonme perceptually significant boundary. Meanwhile, all other strong
conmponents change either very little or not at all. Exanples are when a group
of high notes is followed by a group of |ow notes, or an accel erando changes to
decel erando, or bright tinbres are replaced by dull tinbres. The idea behind
this classification is that the nost powerful and general types of

i mprovi sational control are those that are cued to features and processes. The
objects, though a crucial part of the entire procedure, are at the sane tine
nerely the very faniliar nusical clothing of cognitive action space.

6. Interrupt generation is based on the resetting of all or a significant
nunber of the strong array conponents without regard to their values in the
current event cluster Ei. A decision to interrupt brings to an end a sequence
of related event clusters, say

K= Ei-r, Ei-r+1,....E , where the nunber of event clusters in this
"event cluster class' isr + 1. Hence interrupt decisions partition the entire
i mprovi sation into A discontinuous event cluster classes K , so that the
formal design of the piece becones
| = K1, K2...KA (4)

Each event cluster class K contains at |east one event cluster, and may
be defined in terms of the strong conponents of the object, feature, and process
arrays shared by all the nenmber event clusters. |f these special conponents are
represented as Gs, Fs, and Ps, then K is defined by (Gs, Fs, Ps) . One of the
sets Fs and Ps nmust be non-empty. If (Gs, Fs, Ps) = or (Cs, Fs, Ps) , for
sone not inmediately foll ow ng , Wwe have recursion in formal design of the
i mprovi sation. Under these assunptions the process of inprovisation may be
sketched diagrammatically as in figure 2.

7. The choi ce between associ ation and interrupt generation may be formally
nodel | ed by a time-dependent tol erance |evel for repetition, L(t). An interrupt
tester, whose inputs are presunably the tinme since the onset of the K event
cluster class, (t - ti-r), and the size and nature of K , conputes the
degree of current repetition, Z(t), and if Z(t) L(t), institutes an interrupt
generation, so that Z(t) junmps to a low value. O herw se associative generation
continues. Diagrammatically this is shown in figure 3 for the sane
i mprovisation as in figure 2.
8. Once O +1, Fi+l, and Pi+1 are selected for all relevant aspects, tunable
cognitive and notor subprogranms are set in notion that generate, on the basis of
t hese hi gher constraints and current notor positions, a specific action design
At this point we have reached ti+1 and this |oop of the process (Ei Ei +1) is
conplete. By iteration, then, the entire inprovisation is built up. The
starting point El1 may be considered a situation of interrupt generation (where
Eo is silence) and the final event cluster ENis sinply a second case of
i nterrupt generation where EN#1 = silence, after which the inprovisation process
is turned off.

These, then, are the salient features of the nbdel in outline. They
are diagramatically displayed in Figure 4.

Next we | ook nore deeply at certain critical stages of the inprovisation
nodel . To begin with, it is characterised throughout by extensive redundancy.
There is first of all redundancy between the aspects of each event cluster. The
perfornmer knows, for exanple, that certain nmotor actions involved in striking a
kettl edrum (notor aspect) will correspond to a particular sound (acoustic
aspect), with associated nusical inplications (nusical aspect). Furthernore,
each aspect is deconposed into extensive object, feature and process
representati ons which contain considerabl e redundancy. For exanple, the nusica
notive

(Ex. 1)



may be pitch encoded as the objects D2F2A2B2, or as the object Bo7 chord in
first inversion, or as a diatonic sweep to the |leading tone in the key of C
major, or as a iio7 chord in a nmnor, or as an ascending contour, and so forth.
Its features include nelodic notion by seconds or thirds, diatonic note choice,

t he degree and speed of crescendo, rhythnic regularity of attack, certain val ues
of finger force and velocity used by the performer, and so forth. Many
processes could be inplicated to generate the given notive: arpeggiate a Bo7
chord, pick notes consistent with a triplet feel in C najor, nmove the fingers
4321 of the left hand in such a fashion as to depress keys on the piano, and so
forth. |If the nature of inprovisation entails the seeking out of a satisfactory
trajectory in nusical action space, such redundancy of description and
generation allows maximal flexibility of path selection, so that whatever
creative inpulse presents itself as an intention, and whatever attentiona

| oadi ngs may be set up, sone neans of cognitive organi sation and correspondi ng
notor realisation will be available within the Iinting constraints of real-tine
processi ng.

Such extensive redundancy | take here to nean that control of event
production is heterarchical, and may potentially shift rapidly from one
cognitive control area to another. Indeed this nust be considered the nost
effective strategy for inprovisation. Experientially it very probably
corresponds to 'letting go', or 'going with the flow as described earlier,
wher eaby central hierarchical control, identified here with conscious nmonitoring
of deci sion-naking, yields to heterarchical control (and corresponding
unconsci ous allocation of attention).

Next we look further at the object, feature and process arrays that are
critical in the representation and generation of event clusters. First of al
it my well be asked how such arrays are forned. The answer given here is based
on an ecol ogi cal perspective, which considers that the capacity to extract or
create such arrays is neurologically innate, but that they are only brought into
being by interaction with the environment. Mre specifically, cognitive objects
are inferred to exist on the basis of perceived invariance in sensory input over
ti me, and boundedness in a space (whether physical, musical, or abstract).

Feat ures are tunabl e paraneters and cone to be abstracted on the basis of
perceived simlarity or contrast in sensory input. Processes conme about from
percei ved change in an object or along a feature dinmension with tine.

Thus over the course of one's life new arrays and array conponents are
constantly being created by new perceptions and new perceptual groupings.

During any given inprovisation at nost very few new features or processes wll
be created, and only a |imted nunber of new objects. 1In general, though, this
is one source of novel behaviour: the evolution of novenment control structures
for newy discovered objects, features and processes. However there seens to be
anot her, probably nmore conmon source of behavioural novelty: the notor

enact nrent of novel conbinations of values of array conponents. This second
possibility is shown for exanple by considering a child nusician who has | earned
notor actions corresponding to the distinctions |oud/soft and fast/sl ow
separately, but wi thout encountering soft and fast sinultaneously. By conbining
these two di mensions an action novel to the child' s experience can result.
Furthernmore, the results of such novel paranetric conbinati ons need not be so
predictable. |If we recall that the human performance systemis non-Ilinear

then, as nentioned above in the paragraphs on organi sational invariant theory,
novel , strikingly different behaviour may foll ow when controlling system

par ameters assune certain novel conbinations of ranges. It can further be shown
mat henati cal |y that behavi our described as 'chaotic' may occur under such
conditions (Li and Yorke 1975, May 1976), even for sinple systems. This
perspective has |led to a biomathematical analysis, for exanple, of many so-

call ed 'dynanical' diseases, including schizophrenia, AV heart bl ock, epilepsy,
and some hemat ol ogi cal disorders (cf. Guevara, G ass, Mackey and Shrier 1983 for



a survey). The point with regard to inprovisation is that the sane sort of
snoot h paranetric tuning can be used to generate abrupt intentional novelties in
nmoverrent and nusi cal expression. The integration of the results of novel ranges
of array components is presuned to be handl ed by control structures of the CNS
responsi ble for tinng and snoot hness of action

During any given inprovisation, when possible object, feature and process

array types are basically fixed, novel sensory input will be analysed into
exi sting categories, or, if the fit is too poor, into existing categories plus
deviations. In this nodel such a description is also considered to apply to the

generation of action. That is, novel actions are built primarily by distorting
aspects of existing ones. This sheds Iight on the organising power of the

nmet aphor, nentioned earlier, since it my be considered to be a global |ink
across categories, one that facilitates movenment integration. |n other words,
the i mage or netaphor enabl es the coordi nated nodification and resetting of
whol e cl asses of array conponents in a fashion ensuring spatial and tenporal
coher ence.

The central core of the npdel is the generation of a new set of array
conmponents for Ei+1 fromthose preceding it. To nmake this process clearer, we
now | ook at two exanpl es.

Exanple 2: let E be

(Ex. 2)

pl ayed by the right hand at the piano.

Bel ow are a nunber of possible inprovisational continuations, based on
attentional enphasis (i.e. cognitive strength) given to the nmentioned array
conponents (see Figure 5). Enphasis given to a particul ar conponent neans that
it will guide the generation of subsequent events. The type of arrays

enphasi sed are also indicated; note that this is not uniquely determ ned, since
t he nodel nmekes a feature of redundancy. Continuations 1-8 exenplify

associ ative continuation, with nunbers 7 and 8 nore abstract than the others,
whil e nunber 9 is interrupt-based

Conti nuati on Enphasi sed conponents used for continuation
Type of arrays

1 key of A mmjor; quaver durations OF P

2 perfect fourth interval F

3 notes E, A, D, rhythnc displacenent OoP

4 nmel odi ¢ cont our OF

5 notor generation with right hand fingers 1, 2 and 4

OF

6 gesture (note use of contrast), perfect fourth interva
F, P

7 phrase design (antecedent/consequent), interval class 2
F

8 notes E, A, D chromatic decoration OoP

9 i nterrupt generation: new notive OF P

If the same line had been played on flute, the continuations nmight all have been
very simlar except for case number 5, which has as its constraint focus the
actual novenment patterns for mani pulating the instrunent.

Exanple 3: Here we consider an event cluster less clearly tied to structural -
hi stori cal



processes. Let Ei be a segnent of sounds produced by a single slow
tilting and rotation of a tambourine one quarter filled with a single |layer of
small lead shot. Ei is a coloured noise sound which subjectively is reniniscent
of distant ocean waves or rain. Sone possible continuations are then as
fol | ows:

Description of continuation type of arrays
1. continue tilt but speed up rotation of tanbourine F, P
2. shake tanmbourine fromside to side
F, P
3. stop notion of tanbourine F,P
4. toss lead shot in air and catch it
F, P
5. performa drumroll on the bottomof the tanmbourine OFP

skin with fingers of the right hand

Continuations 1 and 2 are of associative type, whereas 3, 4, and 5 are
interrupt-type. Notice that here description enphasises the notor aspect, since
there is no extensive tradition of nusic theory which applies to such a sound
sour ce.

If these exanpl es succeed in illustrating how continuations nay be
constructed, they are nute on the details of how one continuation conmes to be
chosen over all other possible ones. Wat has been said so far is only that, in
associ ative generation, a set of constraints is produced associatively, while in
i nterrupt generation the set of strong constraints on action includes
uncorrel ated resetting. To this may be added the obvious stipulation that event

generation is also informed by a vast repertoire of culturally and cognitively
based nusi cal processes and stylistic preferences for such things as notivic
devel opnent, phrase design, transposition, scale usage, rhythm c design, etc.
But it is only informed, not unanbi guously specified. A considerable degree of
resi dual decision-naking remains, as for exanple the choice of array conmponents
that will be singled out to act as strong constraints or to be reset. How are
such residual decisions nmade?

It does not seem possible to give a final answer to this question, for it
has at its ultinmate root the question of volition and hence the m nd-body
probl em about which there is no general philosophical agreement in our culture
or even anong scientists. There is also no conclusive enpirical evidence to
support one view or another, despite the opposing clains of sone positivists and
phenonenol ogi sts. |t seens useful therefore to characterise a nunber of
strategi es of explanation for the residual decision-making nentioned above, and
subsequently expl ore what possibilities exist for experinentally deciding
bet ween t hem

It is first of all possible to take the intuitive perspective, that the
i ndi vidual acts best when he or she nerely taps a certain powerful source that
dictates the course of nusical action in a naturally correct fashion, one that
may not be fully anal ysable or predictable in physical or rmnusical terns.
Al t hough this perspective is usually transpersonal and nay seemromantic to
sonme, this does not inply that it is untestable and therefore unscientific.

A second perspective is to assune that this residual decision-naking
actually reflects the effects of individual free will. In other words, the
i mprovi ser is a unique conscious entity, and residual decision-making rests to
some degree on internal variables not predictable even in principle froma fully
detai |l ed knowl edge of the physical state variables of the inproviser and his or
her environnent.

A third perspective is the physicalist one. Here conplex decision-nmaking
is seen to be an energent property of the fantastically conpl ex physical system
known as a human being, in interaction with a series of environments. Free wll



in this perspective is either illusory, or sinply a sonewhat m sl eadi ng netaphor
for certain conplex characteristics of the system There are a nunber of nopdels
possible within this perspective for residual decision-making: interactive
control with |lower CNS centres, network statistical voting nodels, distributed
menory-type nodel s, decision-maki ng based on fuzzy |ogic, etc.

Fourth and last is the perspective of randommess. Here the unconstrai ned
resi dual decision-nmaking is sinply nodelled by use of a nunmber of random
generators. As the inproviser becones nore and nore expert through practice and
nore and nmore control procedures are built up, random processes need to be
i nvoked | ess and less frequently and overall error |evels decrease, perhaps
approaching a m ni mum t hreshol d.

To experinental ly distinguish between these points of view a high
resol ution inprovisation transcription system has been built here at La Trobe
University. Co-worker Greg Troup and nyself, as well as technical staff of the

departnments of psychol ogy and nusic, have designed and set up the apparatus. It
is a synthesiser-based system using nodified MDI fornmat, and enables detail ed
recording, to millisecond resolution, of nusical actions at a keyboard. It is

al so possible to input sound from other (non-keyboard) instrunents.

Si mul taneously as nusic is recorded a vi deotape of the performance can be made.
The results of this investigation are not yet conplete and will be reported

el sewhere, but it seens likely that the limts of validity of intuitionist and
random perspectives will be determ nable. There seens to be, however, no

obvi ous experinental design that will decide between the physicalist and free
wi || perspectives. Hence the two nay be consi dered co-existing formulations.
The problemin deciding between the two rests with setting up the repeatable
condi tions which should theoretically lead to the sanme "inprovised result in

t he hard-core physicalist nmodel and to a different inprovised result under

conditions of free will. But since each event potentially affects all those
that follow, all initial conditions are intrinsically unrepeatable.
(b) The devel opnent of inprovisational skil
The nodelling of this process remains in a |l ess devel oped state and only a
brief discussion is included here. |Its starting point is the emergent results
of practice found in all types of skill, as mentioned earlier: inproved

efficiency, fluency, flexibility, capacity for error correction, and | ess
uni versal ly, expressiveness. But there are at |east two additional conponents
of inprovisational skill: inventiveness and the achi evenent of coherence. In
nore fixed skills these are less inportant, since inventiveness provides few
tangi bl e advant ages, and coherence is built-in by the rigidity of the task
demands. 1

The specific cognitive changes that all ow these properties to develop in
i mprovi sed musi cal behavi our are considered to be:

1. an increase in the menory store of objects, features and processes - in
nmusi cal , acoustic, notor (and other) aspects
2. an increase in accessibility of this nmenory store due to the build-up of

redundant rel ationshi ps between its constituents and the aggregation of these
constituents into larger cognitive assenblies

3. an increasingly refined attunenent to subtle and contextually rel evant
perceptual information.

The buil d-up and i nproved access to nenory of points 1 and 2 is presumably
central to any learning process. |n the | anguage of the nodel of this paper
this involves the use of extensive redundancy, and al so the aggregation of
menory constituents (objects, features, processes) into new cognitive assenbl es
whi ch may be accessed aut onompusly. Because such a procedure can presunably be
nested to arbitrary depth, very conplicated interconnected know edge structures
may devel op.

This last idea is not new here. It has a considerable history and has been
nost clearly outlined for the purposes of this paper by Hayes-Roth (1977), who



general ised an earlier nodel of Hebb (1949). The central feature of aggregation
of menmory el ements Hayes-Roth terned unitisation, and her know edge-assenbly

theory was built up around the presence of elemental 'cognitive units'. |In the
term nol ogy of this paper these correspond roughly to object, feature and
process array conponents. |In know edge-assenbly theory such cognitive units are

associ atively activated and may conbine to form assenblies, whose 'strengths’
are increasing functions of recency and frequency of activation, and decreasing
functions of their

1. It is interesting to note that these two skills push in opposite
directions, for inventiveness comes fromthe commtnent to avoid repetition as
much as possible, while coherence is only achieved by some degree of structura
unity, which is only possible with repetition

own conplexity. Fromthese strengths are derived probabilities and speeds of
activation. There is a level of redundancy appropriate to inprovisation in this
nodel , since for exanple a cognitive unit may be activated individually or as
part of a larger assenbly of cognitive units. |In her paper, Hayes-Roth shows
t hat know edge-assenbly learning theory is consistent with a | arge body of
experimental results. It is also consistent with the introspective reports of
i mprovi sers and the review gi ven above of inprovisation teaching nethods. But a
deci sion on the superior applicability of this theory to inprovisation over
those of other related formulations nust rest upon experinmental work as yet
undone. For this reason | give no further specul ation

The third point nentioned above nay be el aborated as follows. The
refinement of inprovisational skill nust depend partly on increasing the
efficiency of perceptual processing to allow the inclusion of nore and better-
selected information in the inproviser's decision-making procedures. The need
for this efficiency is inposed by every perfornmer's nore or less linmted
i ndi vidual capacity, per unit tinme, to process novel sensory input. It seens
likely that practice leads to the increasingly efficient use of information in
two ways: by reducing the effective amount of information by the recognition of
patterns of redundancy in the sensory input, and by focussing attention
increasingly on the information that is nost rel evant for producing a successfu
i mprovi sation. The increased use of such subtle and 'higher-order' information
| eads to the higher-order skill characteristics nmentioned earlier. The main
differences in this process between fixed and inprovised actions may be said to
reside in the nature of the attention focus used in the two situations. The
fixed skill situation evolves towards a minimal size attention set, whereas the
unpredictability of inprovisation denands that the attention focus remain wide.
To go beyond such insufficiently specific observations experinental work is
clearly required.

I V. Concl usi ons

This paper has attenpted to illum nate the process of mnusical inprovisation
by first exam ning the nodelling tools available froma nunber of different
di sciplines. Based on this exam nation, a cognitive nodel has then been
presented for the process itself, followed by a brief discussion of its relation
to inprovisational skill acquisition. The central features of the nodel are as
follows. It is reductionistic, in that cognitive structures of processing and
control are considered to be broken down into aspects (acoustic, nusical,
nmoverment, et.al.), each of these into types of analytical representation
(objects, features, processes), and each of these into characterising el enents
(array components). At the same tine the nodel is synergistic and capabl e of
behavi oural novelty, due to the extensive redundancy of the cognitive
representations and the distributed and nonlinear character of the outlined
control processes. The extensive presence of feedback and feedforward



contributes to this. The fundamental nature of the inprovisation process is
considered to be the stringing together of a series of 'event clusters' during
each of which a continuation is chosen, based upon either the continuing of sone
exi sting stream of nusical devel opnent (called here an event cluster class) by
association of array entries, or the interruption of that stream by the choosing
of a new set of array entries that act as constraints in the generation of a new
stream (new event cluster class).

The nodel seenms to be specific enough to allowits use as a basis for the
design of 'inprovising' conputer prograns. Wrk in this direction is in
progress. At the sane tinme sonme fundanental philosophical questions renmin
about the origin of certain kinds of decision-naking in any such nodel, and four
types of answers to these have been outlined: intuition, free will, physica
causation, and randommess. Sone of these alternatives should be distinguishable
on the basis of experinental work currently in progress at our |aboratories,
which also has as its aimthe testing of the basic assunptions of the nodel.
This will be described in subsequent publications.
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Figure 1 hj ect, feature and process arrays (nusical
aspect) corresponding to a short tronbone notive



Figure 2 An inprovisation in nusical action space, show ng
four event cluster classes, and form ABA' C.



Figure 3 Ti me behavi our of the Inprovisational |nterrupt
Functi on






Figure 4

The I nprovisation Mddel in diagrammatic form Only the process Ei Ei +1
(i ntended)
is detailed. Each event cluster Ei is present in a nunber of partially
redundant aspects, and each of these is deconposed into object, feature and
process arrays. Largely on the basis of nusical representation a decision about
type of continuation is nmade by an interrupt tester. |In accordance with this
deci sion an intended array deconposition is generated, with input fromEi
arrays, referent, goals, and menory. This deconposition acts as a set of
constraints in the generation of nusical action, and production of Ei +1 is
subsequently begun by a nmovenent trigger at ti+1. The diagramdetail shows what
happens in the time interval (ti, ti+l), so that the indicated deconposition of
Ei is integrated (that is, intended plus actual forns of Ei are conbined),
whereas the indicated deconposition of Ei +1 is intended (no feedback has been
received yet). Hence O F, and P at tine point ti+l1 do not have indicated
out put s.



Figure 5 Exanpl es of continuation of an event cluster under
the enphasis of selected array conponents (see text exanple 2).
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