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I. INTRODUCTION

The work reported here is an outgrowth of studies in the devc]opmcnt
of musical intelligence and Tearning that have been underway for about
four years. Beginning as one of the activities in the LOGO Lab (a part of
the MIT Artificial Intel?igen;e Laboratory) the research has expanded to
inq]ude more theoretical work in the MIT Division for Study and Rescarch
in Education. Work in the LOGO Lab has focused on the development of new
educational technology for Tearning and teaching music within the context
of the general LOGO "pholosophy" {Papert, 1973, 1972). In the DSRE the re-
search has focused on the development of musical intelligence~-its nature,
growih and relations to cther aspects of cognitive development (Bamberger,
1976a, 1975, 1976b). There has been a close interaction between these two
foci, the technology providing tools for the research, the research pre-
viding a base on which to build new technology for teaching and learning.

Drawing heavi?y on theories of cognitive development (Piaget, Bruner,
Vygotsky), linguistic and psycholinguistic theory (Chomsky, Sinclair, Fodor,
.Bever) and artjficial intelligence-information processing models‘(Simoh,.
Normah, Wincgrad, Minsky, Papert), 1 argue that Baéic cognitive ski1Ts'undef-
lying most human activity rest ultimately on the individual's reserveir of
1nterna1 strategies of representation. I take this to mean those processesv

through which an




individual constructs (makes.sense of, finds partiuclar coherence in) and thus
responds to the sensory phenomena he confronts’in the world arcund him. Thus the
particular understanding and response to an initial stream of sensory data--a tune,
a spoken sentence, 2 line of text, a visual scene--will be mediated by the indivi-
dual's internal strategies for transforming (enceding/decoding) this mass of sensory
data into "meaning”. Thése will inb]ude, for example, strategies for selecting
_salient features, for determining 'same' and ‘different', for distinguishing and
aggregating ('chunking') elements ana for bui1&ing and coordinating relations among
these aggregates. | |
0f particular importance to thé -fesearch thus far

are the indiyidua1's ways of répresenting what I have called "fixed
properties" which derive from measuring, 1691Cd11y classifying and naming in relation
to a “fixed reference”, in contrast to "situational properties” which are cdependent .
on the pariicular contextual embedding (immediate spatia]/témpdra]’proximities) in |
which an event or a thing is found. Whi]é these distinctions clearly derive from
the work of Piéget and Vygotsky, I will argue that a child's problems in ear1y
learning may be a direct result of incongruences between the child's powerful and
useful focus on situational properties and the adult teacher's focus on fixed
p?operties. I have called these twd strategies of representation "figura]“ and
“formal'. | " | o
_ For example, the teacher may "see" the same shape repeated twice in tne figure,
below, whi]e.the child Msees" no repetition but rather twc different things to o
which he is reluctant to give the same name. Embedded in the figure, the ‘same'

shape is for the cﬂi1d in different places and has different functions--arms, legs.

y N . : -
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~Just so, the child (or, indeed the untrainad adult) does not hear as 'the same'

a pitch or motive which occurs in two different 'places' in a tune and with different
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function and meaning. He will be reluctant to g1ve the pitch or motive a s1ng1e
name, preferring instead tc call them, for example, "first" and "last" or "beginning®
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I will argue that neither description is right or wrong but rather that each captures
different and valid Teatures of the 'same' phenocmena. The differences are mediated
by the 1nd1v1dua] s internal modes of process1ng or representing  the phenomena to
Adbedrslys '
himself and also by his immnediate purposes. Thusy I pnopas& “here, an experiment

in learning in which the child is encouraged to find multiple meanangs and to make

multiple descriptions of given phenomena. The materials and approach will stimulate
him to "flip focus", to group and regroup, to name and rename elements and aggregates

of elements according to varying and shifting modesAofArepresentatiqn. It is my

thesis that through encouraging the child thus to make multiple descriptions of the

same phenomena and even to map one description onto another, he will thereby

enrich his own cognitive strategies and also gain powerful tools for finding
corréspondences,’aqd thus for reconciling incongruences in representation with
WBich he»may be struggling in schooi. Thé process‘is much 1ike what Wittgenstein
calls p]ay1ng “language games" ‘ '

The concept of 'seeing’ makes a tangled 1mpress1on .Here we are in enormoys
danger of wanting to make fine distinctions. It is the same when one tries
to define the concept of a material object in terms of 'what is really seen'.
What we have rather to do is to accept the everyday language-geme...Tzke as
an example the aspects of a triangle. This triangle

can be seen as’a triangular ho]e, as a solid, as a geometr1ca1 draw1ng, as
‘'standing on its base, as hanging from its apex; as a mountain, as a wedge,
as-an arrow or powntor, as an overturned angle, as a half parallelogram and
~as various other tnings. "You can think now of this now of this as you look
at it, can regard it now as this now as this and then you will see it now

th1§'way, now this..." What uay? There is no further qualification.

[
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At the same time in such a learning environment, “the observer =~ . gains
insight into the child's intuitive strategies of representation and his means for

making transitions from one representation to another. uhile earlier research in

cognitive development has focﬁsed on distinguishing the separate levels or stages
of development, only more recent]y has the emphasis shifted to include the learning
processes, the transitions and infermediaries which bring a child from one stage to
the next, Inhelder et al. put it this way: |
The study of transition mechanisms is, in our op1n1on essential it we want to
find answers (even if only partial) to the following questions: What are the
developmental links or derivations between the different key concepts? What
are the dynamic processes that lead to naw modes of thought7 What is the role
and the nature of learning? (Inhelder et al., 1974, p. 243)
t is to these'questions that the research has been directed.
Intervention activities are centered in the musical domain. However, it is -
my hypothesis that while cognitive skills underlying intellegent musicaI behavior
are, in part, domain-specific, the character-of these 1nferventions,may well con-
tribute not Qn]y to domain specific grewth but to the. development of basic cognitive
gki11s in other domains, as well.
For examo1e the act1v1t1es prov1de a fresh, non- threatenung medium, a contwn—
at1on of construct1on with “hands on", concrete mater1a1s togother wwth the invention
of descr1pt1ons or "notat1ons" both for the processes of cons ruct1on and the f1n1shed

product and a]so a particularly fertile env1ronment for encourag1ng multiple

descriptions and thus tran51t10na1 learning. {See Section II for a full description.

" of these activities.) Interestingly, the transfer of learning from the domain of

music to other'domains appears not only in "key ccgnitive concepts“ but specifically
in the representation of.cross—modal relations. The child's construction ofvsfﬁp1e

tunes through the use of movéab]e sounding objects 1hvo]ves him (perhaps surprisingllx
with descr1pt10ns that requ1r° the coo“danab1on of spatial, téﬁporé] kinesthetic

and aura] thought schemata. In each attempt to deal w1th a tune, the child is searching

for, constructing, and describing a coherent structure which thrusts him into many
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of the same problems as ihe séarch'for coherence in other domains. In turn, the
child's fundamental strategies of representation are often rather dramatically
.reveaIed. (See Jackendoff, R. (]976) for a discussion of "cross field generaTization";

Birch~Be1mont (]966), Goodnough (19733 for a discussion of ”crdssfmadal" processing.)

= G e e JORTE R .

S ”wﬁ»i~~“5-f: . This past year two 8-year old boys (among ihe 20 children
- randomly cliesen from a Cambridge public school) came to the Lab barely ab]é to read
or to do simply arithmetic computétions. Almost from the beginning they not only
became actively uirvolved fn bui]diﬁg, describing and inventing notations for pitch/time
relations, but_through‘these activities seemed able to confront basic cognitive.issues
that they were unable or unwi]]ing'to confront in school. Further, significéht devel-
opment occurred in their ebilities to cope with such basic cognitive skills as conser-
vation, seriation,. and logical groupinga,:Later in-the-year-their<teachér5~a1so- |
reﬁorted surprising leaps in their academic performance and in their g¢eneral soCia]v
behavior, as well. While I can quite rigorously describe the natUré of the cognitive
changes; I need now'fo find'more tharn specu]ative aﬁswers to the>f0116wing queétions:
1) Why do activities involving the bitch/time're1ations,of music encourage children
| to participate freely in tasks which c?carly challenge their current cognitive
skills? |
2) What is the nature of these édgnitive changes and why and how do these particular
materials and modes of learning contribute to hem?
3) To what extent Qi]] observable chahges in cognition in the domain of music be a '
factor in tﬁe child's cognitive changes in other domains?

4) Can the positive experience with two children bé repezted with other children? -

’
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1I. Description: Methods of Intervention--The Experimental Environmént

‘1 begin with é mode] of-thevinterventfoﬁ t&ské fn order to define what I mean
by‘cognitiveichange in thé‘musfca} doméin. The data is derived from obséfvations
of both chi]drén and a&u?ts in one pérticular experimentai situation. This model
will serve not only to illustrate -~ kinds of intervention - .
but will also serve as a mOdef for”the‘categoriés 6fhaha1ysis I will use in
describing andkeva1uating cognitive chénge. In the next section,'l will go on
to a féw,vignetteé drawn from the work of bn; child in order to show the learning
'-grocess in a more concreté‘wéy, i.e. the means by which he restructured and enriched
his initial strategies of representation.

The materials in- this experiment ére a set of tuned bells borrowed frcm the
Montessori teachjhg materials but uséd here in a rathér different way. The child -
~ - 35 given an‘array of bells, all of which Took alike éxcept~that 2 few have brown -
,baées, the rest are white. The bells. are separéte and moVeab]e;.they are sounded
by striking with a small mallet: : | :

I S ot
The white bells -tnclude the pitches C-D-E-F-G-A, the browb‘beWIS incluce mdtchﬁhg
"€, By aAd E'beiTs (or sometimes a full set of matching brown bells). The bells are

not labeiled,so the only way to distinguish them is by playing and Tistening to each
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one--i.e. by ear, bThe“child'knows (from previous watching games) that there is a
match belween brown and white bells, and that no two white bells play the same pitch.
The game is to build & tune wWith the be]ls--iﬁ this example the tune is “Twinkle,
Twink]é Little Star". Once complcted the c¢iiild 1s aaked to "put on paper some
1nstruct1ons SO someone else could p]av the tune on thp hells". |

In experiments which included 15 adults (MIT students and facu]ty) and 12
children I have identified three distinctAstrategieé for constructing and describing
the tune. These in turn suggest three OWQL.sC1 internalized strategies of represen-
tation. The distinctions'arelalready evident in - compdr1nq tIr complnt ﬁd

arrangement of bells for the tune, ”TWI?K", whlch resu]ts from the three strateg1es

Type I: | @ A 4D /,E: i Q i  Figural
Type IT: @ :—L.]: @ SEE CB: @ 7 o Transitionaly
T;pe IiI;v | -iggr izl: Cgl: .C£5j1~i£;? .illz" o f- ” | o Formal

(1abels on bells are for reader's convenience)

O

Type I is characteristic of a figural strategy, Type Il is tranéitidna1-~i.é., an

‘ intermediary between Types I and IIl, Type 111 characterizes forma} strategy. fach

strategy captures d1fferent but valid features of the tune; however, it appeurs that

an ear11er strategy is_a necessary condition for a later strategv

| A f1gura1 strategy (obcnrveo both 1n Pn17dren and ’n untra1ned aduTts) ié
highly sensitive to contextual "meaning". A tune event is represenied in terﬁé of
its "situaticnal pﬁoperties"--e.g. its position‘(spatié]/temporal proximities) in
the sequence of events, or its function (begin, end) in the structure. A figural
builder insisté on having ovne bell for each pitch event in the tune¥ Thi§ suggests .
that pitch property is not abstracted from situational properties or, indeed, from

the object, bell. That is, two bells which share a pitch property are heard or

*If an immediately repeated pitch event functions as an extensicn of the first instance,
-the seme bell is used again. Functjona]?y, the seconc interetion is "more of the samc”.

% P
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described as different if they occur in different positions. There is no con-

servation of pitch over time or contextual embedding.

The figural child's process of constructing the tune reflects his internalized

; strategies. He works gg@ulative[y (next-next-next) compiling a "holl path”‘by

searching in the mixed array for each bell in turn for a "match" with each sub-

" sequent tune event. With each successful tcst,va hbell is added to the cumu?atﬁng

bell path. The process is uni-directional--the figural builder never turns back
to compare a new bell Qifh a‘past bei]! Hé thus adds a héw bell for each pﬁtch
event even though a bell with the same pitch bropefty is already present in his

@k @ Q::P @ @ KE Q /.E | 'TWINK

For the figural buiideﬁ, the two G-bells or the two C-bells are not the 'same’.

‘That they share a property is irrelevant both to his process of construction and

to his perception§'w{thin the context of the tune, they sound different, If he
is asked, as .a separate experiment, to "find the. bells that match", he can do so,
but he is always surprised to discover that there_gggv'matchesf; Further, this
discovery {(as I shall show) will not initially influence his representation of
the.tuhe. | | - . |

- The parficu)ar arrangement of bells in the completed bell path permits a
performance ("action path") which is also uni-directional. Thgs there is a neat

congruence between bell path, action path, and the sequence of events in the tune.

Bell-space, tuhe—space and time-space are all unified in a single representational

space. .
Interestingly, it follows from these strategies that the figural builder can
name- the events in the tune only after-the-fact, i.e. ohly after they are embedded

in the unique context of this tune. He names the bells simply according to their




nposition in thé lTinear sequence on the table. Thué, the némes he gives to the

~ bells can apply only to (have meaning for) this Qgggiéglgg.tune. Names do not |
refer to a genera] property of the bel]qur to-someloutside fixed "anticipatéry
schema" (see Piaget, 1960). His instructions for playing the tune must add,

‘as a separate instruction, how many times to "hit" each bell.

INSTRUCTIONS (description)

a 2 X o 2 N o, | . ' uH'lTsn .

"BELLS"
! > 3 Y s 6 7 g

The bell-path is thus a one-purpose machine; the instructions work only for it,
and it plays only one tdne.' | - | o

_ Finally, the description is "iconic” rather than "synbolic”. That is, the
;hi]d makes a picturé-copy of the bells on’the table and simply tells ydu‘"how to
¢o on them"--namely, "straight ahead". In fact, theilower nﬁmbérs aré“hotireaIiy
necessary for the instructions and are often added oniy at theibbserver‘s'urging.
However, the figural child's -instructioné will work exactly because action path,
bell path, and tune are all congruent. Indeed, the bell patH.is, itself, a des-

cription of the tune, ‘
~Type I11: = 31: _Qg? jg: fj%; ﬂér ZEE _Transitiona]

Type II builders differ from figural builders in several important ways:
1) While bells are found and added cumulatively according to the initial
occurance of a pitch in the tune (like a cast of characters in order of.

appearancej, there is onjy one bell for each pitch-type. 'Thus, a sihgle

bell is used for each occurence of that pitch in the tune. Thus there is

conservation of pitch over position/function and route. traveled,

‘ 2) The "action path" is bent--i.e. the child must turn back and skip bells
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; {n order to play the tune on his bell path. {C-G-A, back to G, skip to F,
CE-D, back to C.) | ' |
| 3) As a result of 1) and 2), the bell path, action path and tune sequence are
no longer congruent; action path has COme'apart from bell path, bell path
‘ frdm tune sequence. Thus, the bell patﬁ is no longer, itself, a descrip-
tion of the tune. Rather, the tune‘must be‘represented through a mental
gggtgjnatwon of action path and bell path
Instructions made by Type IT children are still iconic. They include a comb-
jnation of pictures of the bells and a kind of action notation. The result is a

sort of map with landmarks over which directions are traced to show you the route:

as - o N
T || ]| - e

(N L T T HITS

Type II is not only a c]eur transformation of Type I strategy, occurs chrongi-
ogica?]y between Types 1 and JI1, but most important,- appears to be a ﬂgpessarx

| 1nterm .diate condition for formal strategy. Consider that as long as the child's

focus is on s1tuat1ona. properties, then no two events can be represented as “the
same® simply because they occur at different times, More specifically, as long as
pitch property is not represented as a separate attribute of an event or of a bell
(when embedded iﬁ the bell path) but_is fused with the immediate, local effect of
. the>eveht and with the immediate “presehée"'of'the'be11 in-the path, therebcan‘bé
no identity of elements. Type II children suéceed in méking thié crutia] "defﬁsion?
It is not surprising that this defusion coincidés with the coming apart of bell
path and action path. The Type 11 childalso sucteeds in coordinatigg.action path
and bell path. These separations and coordindtions are neéeséary for formal
reprcsentau‘on because without these restructurings the chi]d cannot construct a
"f1xed reference” based on general properties of pitch (and of the b011s) and in

relat1on to which he can describe and name the particular events in this tune or

any tune befofe-the—fact. These steps ave also crucial to the development of
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“symbolic descriptions and to the ehcbding and decoding of standahd“muSic'notafibn;
as well. . |

The formal builder begins by building just such a fixed reference--a kind of
all-purpose instrument. Séarching in thekarray of bells with’quite different

purpose from Type T or Type II builders, he consiructs a seriation of the bells

according to the "anticipatory schema" which the children describe es "you go

Tower and then higher, higher, higher”——i.e. a scale. This, in itself, is a sig-
nificant cognitive leap (see, of course, Piaget on scriation of sticks) since it
involves keeping in mind a set of relations which constitute a plan, a scheme, held
in imagination, which is used to generate & particular structure. (The issues
surrounding seriation of pitch are interesting in themselves, but I cannot deal

with them, here.)

The scale romp]eted -the ch11d S conctructwon nct1v1t1es are f1n1shed

This scale arrangement now ré@mins,fixed‘in space. It servesvas a fixed reference
for finding and naming the sequence of events in the tune. The tune is made, then,

‘ by searching ON the fixed scale path for the particu?ar sequence of pitch eventé'in

a, given tune. This involves moving about on the scale--forward, backward, skipping--
in a process of mapping an action path onto the scale, iThe sequence of tune events -
is now quite separate from the bell arrangement. Since there is no spatia1—temporai
congruence between scale path, action path and sequence of events, the'congruence
must be constructed through a mental coordination (mapping) of one set of relatjons B
(tune) onto anofher (scale). This requires as a first step, precisely the strategies
which distinguish Types I and II—«ﬁame1y defuéfng (éoming apart) .of situational

properties such that pitch is not influenced by spatial-temporal embeddings (con-

servation of -pitch) together with the defusion of action path frem bell path and

sequence of tune events. In short, Type II is a transitional form of "decentring".
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The child begins to "reflect on" his actions and on the particular properties of -
the tune, pulling himself -away from the compelling fo}ce of the contextual meanings
generated by the well-formed shape of the tune. But the forma1’bui1der bui]ds“a |

single, consistent coherent structure of pitch relations which he can then coordin-

ate with the particular coherence of a-given tune. .In this way too, the focus

~ shifts to measuring'pitch distance a1ong the scale grid--a kind of "objective
measure" which is so characteristic of formal thinking. . '
Instructions show a 1eapkinto_symbo1ic description. There aré no pictures.

Instead only the numbers name events in the tune according:to‘the fixed reference.

At the same time the numbers measure the distance reiation along the scale grid
from one event to the next and also among events as a whole. In addition, the
notation coordinates,in one symbol, number of hits and the place of the bell on
the grid in contrast to Type I or II.descriptions vhere hits and bell-names were
kept separate. - In- this formal representation of the tune, the tune is "seeﬁ as"
a particular realization of the scale. As such it necessitates description

through the use of symbols which can reflect this coordination:

1l 55 ¢ ¢ 5 443 3 221

The child has invented symbols which fix events in a kind of coordinatekspacé. The
horizonta] progression (notation ﬁath) shoWs "tune-space", the numbers indicate where
to find those events (action path) in the "bell-space”.

The issues raised by this model go well beyond those of simply tune building.
The contrasts between figural representation énd formal représentation are simijar
to those Piaget has described in the development of intelligence, generally, Pidget
contrasts “intuitive" with “"operational" thinking. Working in other domains shch
as temporal relations, sefiation of sticks, rotation of objecfs in space, formation
of éHasses and class inclusion, Piaget rigorously describes the internal consistency

of intuitive thought:
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Intuition being a direct rélationship between a schema of internalized action
and the perception of objects, results in configurations 'centered' on this
retationship. Since it is unable to go beyond these imaginal configurations,
.the relations that it constructs are thus incapable of being combined. The
subject does not arrive at reversibility because an action translated into a
simple imagined experiment is still uni-directional, and .ause an assimilation
centered on a perceptual configuration is necessarily un. irectional also.
Hence the absence of transitivity, since each centering cistorts or destroys
the others, and of associativity, since the relations vary with the route fol-
Towed by thought in fashioning them...thus, there is neither a guaran.-e of the
identity of elements nor a conservation of the whole. (Piaget (1950, p. 138))
Applying this to figural modes of representing tunes, we see that the figural child's
focus is also centered.on the local, uni-directional relations of the tune configura-
tion--e.g. immediate spatial, temporal proximities of the uni-directional bell path
sti1l fused with the uni-directional action path. He thus ‘distorts or destroys' in
his thought the particular properties and relations which might have occured in
favor of constructing new relations as a result of the contexts generated by the
route he is following. C]early; then, to describe an 'identity of é]emehts' is
impossible for him--a present pitch cannot be identical with a past (or passed) pitch.
Nor can he 'combine' a 'bent' action path with a uni-directional bell path ard
sequence of tune events. This is precisely what I mean by sensitivity to context--
the meaning of an event is always immediately responsive to the context in which it
is embedded. |
" Operational thinking; in contrast, makes use of an "anticipatory schema's
...thought is no longer tied to particular states of the object but is obliged
to (adjust to) successive changes with all their possible detours and reversals;
and it (thought) no longer issues from a particular viewpoint of the subject,

but coordinates all the different viewpoints to a system of objective recipro-
cities. (Piaget (1950, p. 139)) : ,

Trénslatjng this to tune builders, we can say that the formal builder is no longer -
tied to the “particdlar_state“ of the object or event {unique contextual situation)

but jnStead removes herself from these éUé?itative fmpréssfohs, adestihg‘thé bitéh~
event so as to map it each time onto the invariant (objective) system of ordered

itches--the scale. Naming thus becomes invariant to position or function in the
3
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tune and loses its sensitivity to context.

Clearly, formal strategy looks more like what the child may expect to find in
school. Indeed, if he is to learn to read music, to play an instrument, or to acquire
math skills and learn to read, he must be able to abstract and name properties regard-

less of their situational influences, classify them appropriately, measure them, group

. them and relate these agyregates to form higher level relations. Further, he must

be able to reflect on his own actions, "turn back" on them to compare objects that
are distanced in time or space. These formal modes of thinking aré too frequently

simply tacitly assumed in classroom teaching.

And yet, T would argue, figural representation is not merely a phase to be-
overcome=--it is; for example, crucial to the understanding and to the affective
fesponSe to music. ‘Function,position, immediate proximities are all essential influenc
on musical "meaniﬁg". UnTike a formal c]éss (the c1é$s of a]1'bells,’the class of atl

G-bells), a tune exists in time, indeed 'structures time; one needs to respond to the

‘unique present moment. (Roger Sessions once said, "You know, I find it more and more

difficult to use plurals".) And yet to read music, to play an instrument, orne must
recognize that a pitch has a single place on the musical staff and on an instrument,
a single name  regardless of context and effect. The truly understanding listener

or performer must be responsive to both situational and fixed properties. One of the

‘pleasures of musical experience is the discovery of the transformations which context

can perform on "the same" pitch or group of pitches.

fhe trick,.then, i§ to leavrn to shift“free1y back and forth amdng strdtegies—~
flipping focus leads to the discovery of new features és‘salient, to grouping and
regrouping and to the con-truction of hew and dﬁfferent ré]ations. Indeed,,thislproces
of making multiple descrfptions is much like what Minsky'calis “frame transition” T
(Minsky, 1975) which,while not well understood, seems fundamental to problem solving

and to creative insight. Further, such ability to coordinate different representations

leads to the discovery of correspondences and to the reconciliation of incongruences




in representation which inhibit communicalion and iearning.

IT1. ngnetbe~——1 Jeffrey's Story

An individual's stV*»eg1es of representation are a vital wechan1sm fcr making
sense of the world. If it is shaken up, taken away, the child (or the adu?t) is left
in confusion, afraid erd angry. Jeffery, for'exampie, is black, eight ycars ofd,
and came intc the Lab barely able to read and with only a minimal sense of humber;'
He ta]ked 11ut1e (and reportedly "not at all" when he encered school in first grade).
He was, however, a very effective figural tune builder.

As an illustration of his tenacity in maintaining his own ways of undérstanding,
his own internal representations, consider the following situation: Jeff had been
working in the Lab for sbout two months, two hours per week. During that period he
had xeturned to "Twunk” frequ“ntly, but made other tunes as ve]] .I,a§kcdﬁdeff to
"arrange the b°]1s 1n ordcr from low to ‘high". This way of describing the relations

‘was meaningless to Jeff since it involved dealing with relations among the pitch
properties themselves, rather than with the fe]ations determined by the succession

of events in a tune. This‘was ciear since, when I sang a scale and said, "Can you
build this tune’“ Jeff had no problem at all. Once built, I showed Jeff how to play
the beg1nn1ng ‘of "Twink" ON the arrangemﬂnt--1 e. wifhout moving the bells, a formal
:strategy He uatched but 1oo\ed not1ceab]y uneasy 'Iﬁsteéd of ﬁmitating what I"haa
done, he picked up the C and G bells, hugged them to his chest, and put them’down on

the table rnext to one ancther. He quickly took apart the rest of the scale arrange-

ment, searchedifor and found the two necessary brown bells and rebuilt his original
bell path, all in one uni. terrupted process. His tune was back together again; %t.
was evidentai]y paihful]y confusing to.hear it ldoking 50 different; And still Jef%'s
résgonse was direct and immediate. He needed to. and knew how to 11x up his confus10u,
he had built up his own model of the tune and could make(usc,of‘ﬁh¢w§ame strategies

to build it up again. He could have played "my tune” in a rote fashion but he felt
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free ndt to. I was contindous?&‘ﬁmpressed withlqeff's quiet insisteﬁce on being
" true to himself, even tﬁoqgh %t may héve 1doke6.to othefs as an "unwillingness or
inabi]ity to Tearn".

In another session Jeff had once more built "Twink™in his usual figural way
when I asked him, "Can you find the bej]s that match?" This was no problem for him
as a separate experiment. But;_stiil, Jeff wag always surprised to éiscover that there
‘ygrgimatches in his tunef Having found the two G-bells, I suggested that since they

were the same, he could play the tune if we took one of them away. Jeff shook his

head and thought for a moment. Then remarkably, he switched the two G-bells:

- - -

T2 RRDD

f

One bell could substitute for the other, but they were both necessary as place markers

along the bell and action paths.
Inhelder et al. describe this kind of reluctance or inability to integrate
experiences which involve two separate strategies as follows:
The disequilibria are experienced by a child as conflicts or contradictions.
His efforts to resolve such conflicts lead to interactions between schemes,
and it is these interactions that often result in the compromise sclutions or

partial compensations invented by children just before they become able to give
fully compensatory operatory solutions. (Inhelder et al., 1974, p. 259)

A month or so later, Jeffsucceeded in building "Twink™ in Type Il fashion, but
his problems along the way are revealing of thesé transitional processes. Jeff
quickly found the first three bells.

Not finding the next bell among those remaining (he had only the white bells to work:

with), he searched among the bells already in his bell path. Finding it there, he

smiled and said, "I had it already". This was an important shift in strategy and an
impd}tant discovery, but its implications did_not*take effect right away.

Once more starting from the beginning of his bel? path, he tested his discovery.
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P]aying‘tﬁerthree,be11s 1n'order, he visably hesjtated,and'then, a}most re]uttanny,>,’
turned back to strike the second bé11 again:
NSRS

This was a big wrench in his strategies as is clear from what happcned neAt

Jeff found the next bell (F) among the remaining bells in the mixed array and added

2200

Now, starting once more from the beginning to check his tune, the pull of a uni-dir-

it to his cunulating path:

ectional action path'congruent with the bell path was too seductive. He played straight

on throuqh the fourth bell without turning back:
-0

As a result, Jeff heard a d1fferent tune! Nhat could he do to fix that? He thougﬁt
for a moment and then surpr1smng]y, 9w1tched the sncond and fourth bells, Why?'_Per—
haps he was reminded of the previous situation. In his Type 1 construcbuon, the

second and fourthkbe1ls weke, indeed, tﬁe same, sw1tch1ng them kept his tune in tact;
did Jeff think this could fix up the situation here? Or did he think that changing

the position of the bells would change their sound--"turning back" the bells might

be like "turning back" in his action path. .But p]ayfng this new“arfangemeht? now, thef

tune was haro]y recognizable:”

PERD

Looking hopeless, he sought comfort in his old ways: He said, "I‘need another
bell." Jeff was c]early,fn transition, sfrugg1ing'with thé ihcongruences betweén,iwo'
representatibns--incongruences between bells asvpiace markers and the pitch properties
of bells invariant to p1ace; incongruences between action patﬁ and bell path.k I 4
he]ﬁéd him to reaajust the bells and pointed out that a turn back necessitated.skipping

a bell in order to go on. With this "bending" of the,action path in mind, Jeff




-18-

Ty

finished buf]ding.the tune and he had no trouble turning back at the‘end:
ECRE2EL
v =
From this example the processes of transition become quite clear. Jeff is
struggling with a new éépfesehtation of the tune which includes a focus on new
featurés and new relations. For example:
1) The pitch~property>of a bell can be represented as separate from its
position in space and in the tune. He 1is beginning to Cénserve but he slips
in and out of it.
2) The bell path can_be distinguished from the action path and the tune
sequence. llis description of the tune as the bell path is changing so as to
~include the freedom of moving gg_itvin order to coordinate 'same pitch' with
'new event'. But the seductive pﬁ]] of a single, unified representation is —
| still theﬁe.
3) The fusion characteristic of situational propérties, is de—fusihg into .
fiked properties--e.g., pitch, position in spabe, positidn/function in tﬁe
tune. For exahple, “fifstﬁ and "last" in the tune can be "the same" in pitch
and position. Jeff is developing new strategies of representation whiéh will
‘vinfluence both apprehension and naming.
Jeff's instructions evofved‘in one, hé]f-hpur sessibn thrbugh a serfes of
extraordinary modifications that seemed to mirror the transitions taking place in

his strategies of representation.

W T~
nor

e S
2y L]

1) is clearly transitional. Surprisingly, Jeff's lines now show actions (hits)

S

rather than bells--he "p]ays”'the tune on the paper. That two hits apply to the same

bell is shown by grouping the lines together spatially. However, just as the pull




of the bell path Qeduéed the éétipn path; 50 ft séd&ces the nofatibn péﬁh;‘bﬁ¢e ﬁorék
reflecting his ”s}ippége". The notation path goes continuously onward ;ﬂggggﬁ;ggi
fourth bell (one hit, single Tine) instead of‘turnfng back--exactly what Jeff did |
Wheh he first added-the fourth be]lbin constructihg his bell path. The turn back

at the end js‘captured;lthough, by a new arrow notation--an action notation.

A test of his notation (playing the tune again correctly) resulted in 2)
“showing the first turn back but pointing to tﬁe wrong p]aceu—the‘princip1e,‘but
not its particulars. However, fepetitions of bells are no loﬁger shoﬂn-{there is
simply a chain of hits. 1 asked, "How will peop]é know that some of the be17s‘ére
played twice?" ‘ '

Jeff's resourcefulness produced a third notation:

58 o000
N—

Now 'same hell' is illustrated by joining together the two hits which are struck on

a single bell. Andbthe first turn back arrow now points to the right place.
Finally, I said, "Could you put in some numbers so people will know exactly -

which bell to play?"” This produced Jeff's fourth notation:

Jeff begins numbering the boxes {which he created by joTned'Tines) in a serial‘fashion~-

1 2 3, but when he got to 3 he rejected the numbers as names for the ordering of the

bells (the crucial "bend", again) and slipped intc numbers as "co&nts" for hits.

He said, as he numbered, "You play this one twice, and this one twice..." The

slippage was pervasive. Joining the lines together made boxes which in turn trans-

férmed their referents--the hits turned into bells. SimiTarly, thé fefefents for'

numbers switched from belis (count-on) to hitsA(counting-up). V o .
STippage in this fashion can be seen as reflecting the 1imits of Jeff's Cabacjty '

for .symbolization; he lacks a stable, systemati; structure in relation to which he

can consistently name. Indeed, the whole process reveals not only the characteristics
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wh1ch distinguish figural and forma] represcntdtnon but also the nature of the
1earn1ng 1nvo1ved 1n making the transition. |
‘P1dget says of this transition:

In this there is something comparab1e to the abrubt complex PEStFUCtUF?P

described in the Gestalt theory, except that, when it occurs, there arises

the very opposite of crystallization embracing all relations in a single

static network; operations, on the contrary, are found formed by a kind of

thawing out of intuitive structures, by the sudden mobility which animates

and coordinates the conf1gurat1onv that were hitherto more or 1ess r1g1d

decp1te their progressive art1cu1at1on (Piaget, 1950, p. 142) ,
'Towatds the end of Lhe year, Jeff f1na1]y d]d maLe the t1ans1t1on Bui]ding a scale
(seriating the be1]s) and play1ng the tune gg_the f1xed arrangement']ed {o a rather
remarkable notation: ‘ ‘ B : | |
0 & E 5 B B B ¢
The boxes, dorivéd'from his previous notatibn, show which bells to hit twice. But
now these boxes take on a near?y symbo11c .unct1on [:]5 beT] And the numbers add
‘another dimension . to the symbol, namely, [ [] + number] po1nts to the pos1t1on of
~the bell in the fixed reference. These are truly symbolic names which remain
consistent because they derive from a sihg?e, stable Struéturé. Indead, in explaining
the notation to another child, Jeff said, "Look at the numbers: this is the 1-bell,
this is’the<5—be]1..." In fact, Jeff has invented a symbol system which coordinates
events 1n two spaceq The hor1zonta] progrees1on of boxes and numbers refer to the
"tune space" (progre°s1on of Lune events) 1nc1ud1ng how many hits the numbers a]so:
refer to the "scale epace" and 1nd1cate a particular p]ace in it. The nbtatidn
4prov1des the means for mapping one “space" onto the other. Jeff has come very cluse

to inVenting’standard music notation.

Perhaps the most s1gn1f1cant aspect of this whole, long process is that Jeff has
‘1earned to risk shak1ng up his strateo1ec of representat1on—-1 e. he dares to -
resﬁructure and to’ transform his way of thinking a tune., One of the biggest risks
involved was letting go of thé present moment, the immediate, concreté, 105&1 "reality"

to build relations and structures which are only possible in jmagination. This is
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betause he can coordinate realities Which‘in‘immediate wxpefience remain quite
separate. And converse1y; Jeff has dared to.fake apart iﬁ,imagination prdper—-
ties which are always fused in 1mﬁediate experience-~1ike pitch and beli object.
Eaéh new reconstruction Creates a new way of thinking the tune--what Piaget
sometimes calls a new "thought schema". While the strategies necessary for
such reconstruction seem more characteristic of formal thinking, their acqui-
sition results not in a greater rigidity, but rather in a greater freedom of
thought. | |

Indeed, the mobilit& of‘thought—-the ability to shift or’restructUre‘;;
thought schemata--leads to a new notion of context-dependent meénings. If
we think of thought schemata as contexts which mediate meaning, a shift in
thought schéméta will result in a shift in meaning. Mépping one thought
éghgma onto andther will then allow for a mg]ti{dimensibnal descriptiOﬁ With”
interactions betWéen and-éhong them. For exampTe,FJeff's initially figural

thought schema was reflected in sequéntia] names for tune events--

1234567 8--one bell for each event, none the same in name or apprehension.

His next thought schema included identity of pitch property'refTectEd in
f ‘ 1
naming recurrence of the same pitch with the same name--1 2324 56 1--

one_be11,for each pitch-type, apprehension of same pitch in spite of different

positions in tune and action path.' Shifting from one -
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thought_sthéna tu.thc chcr, the ﬁunc»scquentia] name, "4*,
becomes the pitch property, "2'. While in both dcscriptions
 names derive initially from the ecrder of occurrence in the tunc,
: | | in the
ylattéf description séﬁe events gain‘ncw-meanings#~i.é., identity

of pitch‘proporty.

\‘/ .
1234506728

C .
1.2 3% 2 4

[¥a]
o
—
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With this potential for constructing new thought schena
and with it new meanings, Jeff could go on to construct still

another one--the serial ordering of pitches according to the

o~

property, "low to high'--a scale. This thought schema generates

[23

s Yfived refercnce’ from -which names and meanings derive--

12324561 - | .
<;1 5654321 . |
.1\ ’ .

The initially sequential name,_”Z”. now becomes the fixed
referénte name, “5". And, intefeétingiy, this includes a shift
in meaning for near and'fai~;tﬁbf¢ychpé élbéé to one another
in the tune (1 2) are far_épart on thé fixed‘referencer(lls).
However, in the-latter schema, names and meanings are no 1Qnger tur
specific, no Ionger-responéive”to the uniquc‘con;extual situation
;of zn évent in the tune. Mediafed~by‘thc'schema, bélls

sound the same Compérinﬁ one to tﬁe.other énﬁ both to the fixed
| BN

reference. But the proccss of shifting from one thought

schema to another provides a way of ‘capturing again the power
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of conteﬁt depcndcntkmeaningsr Namés‘afc 1iberatcd’fr§m
things--naming is a game, a language game the_rulcs of‘Vhich»l
you can invent. In this way a thought schcma“bccémcs‘a
contcxt for Jnventnng rule-like constaqznt ~which can
transform ncan1ng< and applchcncnon, nanes in turn will
'capture dlfferlno features and relations, as mediated by the'
thoughu %chena. Within one game a single pltch may be nancd

12 while in anothel wgr,  In this hay shifts in thought

Aschhmata 1ead to the applehcn51on of two events as o;ther

the same or as dlfferent dcpendlnc on the schema in which

one chooses to eﬂhed them.‘
In fact Jeff has,setvthc ctagc ;or 1nte91atirg situa 1nonal

nd fo nal pxopertles. The crucial stcp is the notion of
;moblllty of Lhounht schemata or of language games 1u3ed by
thought schemata which mediate meanings. For example, it

is not a big step, when piayinﬂ this game, to‘uhderstand that
“same pltches“ may have dlflerent functlonC_as they occur in
“the context of dlffelent musical euv1rorments. In this gamc
names capture the‘thang1n0'appr°hen51on of pitches in response

to the wus:ca] conte\t 1n thh they are cmbeddcd A G embedded

'1in one set of pltch relations u111 be apprehenccd as unstable,
a G embedded in another sect of pltch relatlons will be appre-
hended as stable. Those are dlflcrcn”eq 1n the functlon cf
the pltchcs. We can Jnvcnt a thought schema to capture these
dlffcrenccs-—a schcma xhlch n%wns pluChC% ccordlng to thc;}
irelatlons with one another (interval T“]?Llonb) and accordjng

to their harmonic functions (tonic-dominant). In this language
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game the pitch, G, can be called 5 (or dominant) in the key of
C reflecting its apprehension as generating a particﬁlar kind

of iﬁstability; or it can be called 1 (tonic) in the key of

G reflecting its apprehcnsion as stablc. Now names like 1 and

5 which previously stood merely for p051110ns on the scale
grid, become a short hand for hlgher level relatlons \thh
capturc a whole network of Jntelrelated functions. The names

reflect functions and relations whlch remain stable in the

thought schema, but the names‘change'théir particular referents

.

(pitches) in response to the particular musical situation in

which they are embedded and apprehended. This illustrates

‘the process of mapping one thought schema onto another

'(pitch'identity (G]é;‘*j>tonic—dominant). The process in turn

leads to the possibility for apprehendihg transformations- -

a pitch (or motive) transforms when, while remaining invariant

as "measured", 1t chanoes meaning in response ‘to its situational

embedding.

In this way an initially figural strategy can be enriched

- by more formal strategies each giving power and definition to

the‘othcr. Indeed, we have come full circle--Jeff's first

-strategy of representation in.which each pitch event was new
‘and different can be understood a$ neither right nor wreng,

-but as reflecting one dimension of a multi-dimensional descrip-

tion of the tune. Look1ng ”through" thése various dimensibns
as through layered, transparent fllter we see that the meanlngn
of "the same' pitch can transform in respOnse to its situation--

G in the middle of a phrase with a shorter duration is
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apprehended differently from G at tﬁe end of a phrase with a longer dura-
tion. The first occurrence of G is bcth the same and different from its
second occurrerce, changing its name and its apprehension as we move
through the 1ayérs of thought schemata to integrate them into one single,
richer experience:
IV. Vignettes 2--Computer Music Games

Jeffrey's growth was probably also influenced by the use of computer-
music games. Only twd examples will be given here. The music system per-
mits the child to work interactively with the computer by typing commands
at a terminal. His commands are'instﬁnt]y reaiized in sound. One game
involves playing simple rhythms on a drum which he can describe in a var-
iety of ways. For example, the rhythm }7‘JJ/ is often spontaneously
éescribed in a spatial analogue: U 1l . This can be translated into the
felatfona] nameé;vshort’(s) énd Tong (L): § é 1_ N L‘/Z_ In turn,
- these can be used as commands to the computer which will immediately p1ayv'
the rhythm back as "drum" sounds much like the child's own. But most import-
,ant,.the chiid_can'"teach"_his drum tuné t§ the éomputer-(write a computer
procedure) so that thjs rhythm can be used as a_modu]e in a bigger drum_ |

piece or as an accompaniment to a tune. This engages the child in inventing

meanings (as he defines his figure) inventing names which refer to these

meanings, and in aggregating or "packaging” the separate discrete events

of his rhythm so that he can build higher level relations among these

aggregates. Typically, the child will begin by simply repeating the names of
his invented proceduré. Let's say he calls the above rhythm "FUNNY". If he
types FUNNY FUNNY FUNNY;’hebwill hgar three iterations of his original rhythm '
(3444 J34d0 T4 ). This means that he is dealing with the

five initially separate bits (S S L L L) as a single chunk, a single entity.
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-‘_Through this step he can go on to use a higher level language, namely,

REPEAT FUNNY 3. This produces the same three iterations of his original

rhythm, but the description is different; it involves understanding the

‘relation, "REPEAT" and the use of the number, 3, as, Ttself, a packaging

. of three smaller units.
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. Through such activities, Jeffrey, for excmpie, learned the principle of aggregating,

_of hierarchic relations, and relations of parts- to wholes. He moved freely back

and forth between the levels of the hierarchy someiimes taking an aggregate apart,
sometimes chunking his individual drun hits into agyregates.

Anotheﬁ game used frequently by children is called "tuneblocks™. Pre-programned
procedures provide the player with short tune.segments {tuneblocks) which ave
actually reasonable structural chunks of a familier tune. For cxample, if he typés,
HO, he will hear the first motive in HOT CROSS BUNS; it he2 tyﬁes HA, he will hear

another motive:
.-

fud Wt 1 I
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The game is to arrange these blocks in- - "_ - order so that, like building blocks,

they uil? make up (play) the whole structure. = The whele tune, HOT, is 2lso available

for him tu hear with the command, HOT.

Surpriéing aspects of the child's representation of the tune emerge in ohser-
vations of his p?ay1ng Typ1ca]1y, his strategy is not d1ss1m11ar from ficural
tune bdf]o1ng w1th bells but now he is \orlung with larger strUCtu al etements
(aggregates of notes rather than discrete pitches) &nd only 11sten1ng. With no
concrete mater1als to minpuTate, he must construct descrxpt]O@ mentally. TVF]CQ]]Vs

he will search in the collection for,"the first part", then continue his search

until he finds "the second part" thus, again, building a path of elecments which eare

processed "in timeﬁ one after the other. But, as a result, the problems of repetiticn
and 1deﬁt1ty of elements once rnore emergcs, this time in more dramatic form. For
examp1e, in playing w1ch hO and HA the child wili make a path (type in order) HO HA
hayingniqentified these as “the first and second parts". He is surprised to discover
that it doesn't sound right. Only with considerab?e theught does he discover that

he "needs two HO's": HO HO HA. The situation is puzzling: evidentally the problem
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fs in his'répresentation of "an element". Does the element named, "first part" inci 2
the repetitions in thg child's representation? | Is 2 gingle instance sufficient
because theré is only one kind of thing? Also involved is using the same name for
“elements which occur one after the other and thus have different effects.

The issue becomes more acute as the child tries to find "the last part". Des-
cribed in this way, the last chunk of the tune seems to require something different--
at least a new name which reflects a different function. Jeffrey, for example, could
sing the completion of the tune (the HO block) after listening to the conpuber nusic
box play HO HO HA. But ev1dtnta11y his representation of this "ending" made it
difficult to describe it with the same name as the "begunn1ng”. His own internal
representation focused on function and position in the sequence; this‘was incongruent
with formal focus on pitch-rhythm properties from whicﬁ view "begin" and "end" are
identical. Jeff'é representation and his apprehension changed when he discovered o
that HO would do for both.

Joey, the other child with whom I worked, invented the n0t1on of "making a
dictionary” to help with this issue of identity of properties. Each item in the
dictionary is & tuneblock and the "definitions" include 311 the properties of the
block the child can déscribe, For example, HO: "three things in it "sTower"; "goes
down". ’These descriptions served to shift the child's focus to fixed properties which
in turn allowed him to find identities in spite.oi different contextual embeddings.

Many of the same cognitive issues arice in thzse games--naming, relation of

name to thing, multiple descriptions, identity relations. And in addition there is

a spin-off which involves reading and writing, directly. That is, not only does.the
child deal direct]y with wirds while typing at the terminal, he also discovers, -

for example, that words are parsed as chunks in senfenccs by thébforma]ity of inserfﬁng
a .space between them. This is as true for the computer &s for the human reader. If’m‘
thé'&hild forgets the space, and types, for exsmple, HOHA, the computer sends him a

message, "Ycu haven't told me how to HOHA". He has made a new word "HOHA" which the
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computer doesn't "know". The child rather quickly discovers that he and

-the computer are sharing & "culture" the rules df'which are'much Tike his”

“own but the computer has the consideratfon'to make the rQ]es explicit and

to stick to them. He learns to read and appréciate.the computer's messages
and to respond to them as a helpful aid. He also learns that there are no
"right" or "wrong" answers in this non—thréatening, contained world. Whatever
he tries will lead to some action. An unexpected result is often more inter-
esting than what he planned; in any case, it is almost sure to lead to new
ihvestigatioh and to new knowledge which he can use later. |

In all these waysvthe child seems gradually to become an independent, self-
sufficient Tearner even taking an active part in shaping his environment.
Finding and making meanings, shifting focus to make new meanings, participating

in active communication his representations of knowledge become richer and more

‘flexible. Indeed, as the children move freely back and forth between performance

on real instruments (bells, drums, singing) and computer games, they seem grad-

ually to enrich their intuitions. They are soon singing in tune, inventing

more interesting melodies and drum rhythms as well as playing and improvising

- together and learning to appreciate the compositions of other composers. 'One

of the most gratifying spin-offs of these apparently constrained activities

is the degreé to which they seem to enhance spontaneous growth in musical

" taste and the immediate apprehénsion of "qua]ity";in works by serious'composers;

But that is another story which must be told next.







