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WHAT KIND OF ORGANIZATION MAKES STRUCTURAL KNOWLEDGE
EASILY PROCESSIBLE?

Iphe Wachsmuth, Universitiit Ospabrikch (R.F.AL)

Lat comstruction dea otruoturcs cognttites demande L'ualion,
cleat Lo point commer des diverses théorics sur UVacqdsi~
Léom dus conmalagunces. Ce principe - autant que les méthodes
de 'enucignoment Jdes mathématiques qui en dérivent — n'in-
clut pas a priord, que les vonnatesanves qui s 'apprennent
b colle mmmidre, soilent utiles pour produire des provessus
cognibifa; cette X dire qu'elles seront cupables de créer
des actioités pour appliquer les connatssances et d con-
tetbucr pour apprendre le aavoir ultéricur. Un point essen-
ticl de ocla est, qu'on a besvin d'une suite d'événaments
béen divigés, qui se metient en vcdne par des actions con-
s@cutives J'un "agent™, Nous allons discuter la question,
qucls principes Jorganisation des connaiasances pourtaient
Juvoriser la construction des structures cognitives orien-
téeu vers [luction.

1. STRUCTURE AND PROCESS

ALl hamon perception depends on certain grounds of shape, space and time,

which are the very firvst formal principles of all phenomena, as was pointed
out by Kunt (Kaut, 1975). Space and time are the schemata and conditions of
cognition, not originating from but presupposed by our senses, Nevertheless,
they are subject to the logical inferences of the intellect which takes ac-
coimt of space when considering objects and of time when considering states,
We use space to express (statically) the interrelations hetwee.n things, thus
yielding structure, and we use time to express {dynamically) states and al-
teration, by this yiclding process; und all kinds of mathomatical considera-
tions can be expressed in temns of structure and process. (What is called a
cutegory, lur instaace, is given by a set of objects together with a set of

worphisms . )

Agiain, we (ind these principles of structure and process in various models of
knowledge representation: To express interdependancies between contents of
knowledge which in some ’rcspcct refer to the same certain issue, we use the
notion of schema which can be considered as to arrange certain sets of con-
cepts within the "mental space” of all concepts already forwed. So, when
speaking of “knowledge® in the following, we shall always refer to conceptual
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stnwtures, as schemata in the sense of (Skemp, 1979) and, in a respect some-
what different (see below), as manory schemata in the sense of {Bob row/Norman,
1975), and to what is called the tnformution processing level or likewise sym-
bol processing level, where meanings become attached to the mental entities
we process: It is the sywbolic representation which enables man to deal with
a wanifold of phenomena without having to reiterate them in their totality,
and it is the schema which is assumed, by many authors, to be the primary or-
ganizing unit of weaning and processing of information.

But, according to our view of structural and process-like aspects herein, we
find two different types of “schemata" to be distinguished: a "relational®
and an "operational” type; the first one, by use of descriptions, stating re-
lations between the concepts involved, and thus giving rise to understanding.
The second "active" type evolves orientation from descriptions ("structural
knowledge") to process; €.g. in assimilating realities or conceptual inter-
dependancies to bring about understanding, or in reorganizing structural
knowledge to integrate new situations and experiences (accommodation), or to
produce action by directory of the disposable knowledge: It needs process to
make structural knowledge effective.

This second type of a schema would, for example, be called "schéme" by Piaget
(vs. "schéma" in case of type-1) or "operative schema" (vs. "figurative sche-
ma'') by Inhelder; Bartlett would rather speak of "active, developing pattem'
or "organized settings", Furth would speak of ''operative plans", Lindsay,
Norman, and Rumelhart of "action schema”, and Neisser (who refers to the
first type as "stored Plans of actions' in the sense of Miller, Galanter, and
Pribram) speaks of "stored Plans for action which direct their execution".
(ALl references see Kluwe, 1979, pp.20-23; see also 'Skemp, 1979, p.219.)
Bobrow and Norman conceive schemata to be "active processing elements" which
can become active if requested (Bobrow/Norman 1975, p.132); and what in
(Skemp, 1979) is called a "director systea'' seems to be related to this se-
cond type of a schema.

All schema models of the first type commonly serve as structural representua-
tion units which organize knowledge and are subject to accommodation (or rve-
structuring), while schemata of the second type are involved in process: they

are models for “instances" which e.g. accommodate represented knowledge, and
which direet action,
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2. PROCESS vu. ACTION

Amost bmportant ditierence between considering mathesatical processes, as

bar as mathematics 1tsell s concerned on the one hamd, and from the mathe-
matician's or stuident's viewpoint on the other, lies in the fact that what is
process in the First case appears as action of a person {(an “agent") evolving
the process, by a sequence of acts. And while,in diflerence to structure, pro-
cess is coupled with o Jéreetion (ol proceeding), is action coupled with
tntention (what{or to proceed); while mathematical process relates to logical
rules, does action submit to psycho-logical influences: The agent has to make
decisions what intensediate goals are to nm up to, and what could be “means”
to reach “ends'. And as a basis, and motive, for his decisions he uses what

we have been calling type-t vesp. type-2 schemata.

But what is the origin ol such knowledge structures, and how do they develop?
Some of the theories dealing with the acquisition of knowledge agree in the

point that to build up cognitive stiuctures action is required (“'to coupre-

hend is to operate'y, including wental action by symbolic operation, and bas-
ing on the mechanisws of what Piaget has called empirical and reflective ab-
straction (c.g. Paget, 1975, pp.87-89). llowever, this principle, as well as
derived wethods for mathematics education, would it include the fact that the
structural knowledpe acquired from this is process-oriented, i.e. is able to
produce actions which yield application and contribute to further acquisition
of kpowledge? Does comprehension alveady provide adequate action schemata?

Resulting fvowm rellective abstraction, a conceptual schema is not of a spe-
cia) style as a sensori-motor schema nomally is (e.g. typewriting schemata
would hardly scrve as, or be extendable to, practicable schemata for playing
piano), But instead, one of its most important features is it to be general,
and, in fuct, very often it is the degree of genevality of a conceptual sche-
i that becomes extended in the process of learning mathematics. Action sche-
mata wust be peneral to apply to a broad vange of situations, which is a re-
guirement of economy, and they wust be general to be applicable to situatioas
not having appeared during the process of their abstraction, which is a basis
(or trumsfer. So, what can be done to pursue these principles of generality

in comprehension during processes ol learming mathematics?

The following two examples are chosen to elwcidate the role of general action
schemata not being Tocussed to special context, as well as of psychological
concerns influcncing decisions when knowledge is put into process (as an

agent proceeds) .

]
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3, TWO EXAMPLES

1) Having leamt some relation between the side lengths of a right triangle,
say, a* + 0% = ¢?, certainly o student will soon be able to determine b, if
for example a ond ¢ are given, in generating process by use of an action
schema like

first: isolule Lhe unknown

then: Ingert knowm information
which, in such a general shape, usually was acquired earlier and perhaps has
to be extended to the new context of quadratic equations.

2) But what about somcone having recently learnt how to integrate certain
classes of real functions, including the rule for partial integrating, and is
given the task

feos?xdx = 7

Analyzing this task, which soon tumns out to be a problem, could give us some
insight, so let us sce. We'd try '"to integrate" (wouldn't you?) in the first
approach: '

Jeos®xdx feosx cosx dx

L]

"

q
[ainx cosx) + [ainx sinx dx

[8inx cosx] + [-cosx sinx] + [eos?xdx

which carries back solution of the task to the solution of the task. Problem!
Remembering (from some part of structural knowledge) that ain®x = 1 - cos’x,

we would probably come to the second approach:

[ainx cosx] + [{1 - cos3x)dx

= [sdinx cosx) + fldx -~ Jeos?xdx

which again seems to yield a problem of self-reference. So, if we still fol-
low the command (INTEGRATE!) of the symbol "[" we are getting into a deep-
end. What to do? - Now let us see how general our action schemata are! Do we
remenber that for example VE could signalize: TRY TO RADICATE! or could in-
dicate: TAKE I'T AS AN OBJECT!; i.e. that the symbol "V ™" is of a twolold
psychological nature, showing command for proceeding, as well as declaring

an object (a mmber)? Then we would possibly be able to transfer this knowl-
cdge (which is processible in more than one respect) to the recently intro-
duced symhol "f", and switch from transformation of terms to equivalent-trans-
formation in the third approach:
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Jeosndx = [soun cosx v x} - feosxdx

[8inx cousx + x)

o .’.lcuiahh

- feos*xda 3isdnx cosx + x]

amd there we are!

Il, ACTION-FAVORING ORGANIZATION OF KNOWLEDGE

What does it wean to imduce process from structural knowledge? At first, it
could mean that, determined (vom o given task, a certain "goal state" is given
to he reached, starting from some “present state”™, in a sequence of inter-
mediate states, a “path” (Shewp, 1979, p.168). We could likewise say that a
sequentialized, divected grouping of events, carrying on from state to state,
15 meeded; in this making up the process which an agent has to evolve (sce

above), in a certain sequence of acts,

Not in cvery case, however, is o goal state actually known {vom the task for-
mation: Il the task is, say, to prove a certain assertion (and supposed it is
valid), one has to lind o sequence of inferences, the application of which be-
ing the events figuring the process. But, for (counter-)example, in the task
above of integratiog ced®x, the goa) state has to be found during the process
(which is not merely a straight-forward couputation detemmined by un algorithm
as ¢.g. lor x*), So in this case, one has to use 'means", not knowing to what
actual ends! to cvolve process, here, does not mean to an agent: to compare a
godd state with some present state, make a plan, snd figure out action, but
"merely': to Jdo gsomething to perform the task, Hence, to progress to an wun-
known goal state, it nceds various knowledge how to put knowledge into process
at all, how to move from a position (present state) ruther than how to reach

4 final order (goal state),

So what hind of organization ol an agent's knowledge could make it easily pro-
cessible? As a frest organisational principle, we suggest to establish twin
representations of mathematical concepts in & schema, using descriptions show-
ing process as well as structure (e.g. "2 stands for a process: to seak for
a nou-negative maber which, being multiplied by itself, gives 2* and W2 de-
clares an object: ¢ is the non-negati ve muber which, being multiplied by it-
self, gives 2" ete.). In paragraph 3. we saw that within the same task, e
calls process where cos®x is the operand, as well as, a few steps later, it
declares an object to be operated on as a whole, and which could be envisioned
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to be the result of the above process. Very similar situations would in fact
appear upon V, N, Log, tim, u (from y-recursion), etc., and lcad to similar
decisions, though occuring in quite different mathematical contexts,

As a second organizational prinsiple we thus suggest to arrange laterally such
special-context schemata, which are consecutively acquired in the course of ma-
thematical instruction; i.e. to evolve links between relational descriptions
being of similar shape, independent of context. (In the cases above, it is the
context, not the functional aspects of sywbols, which really differs.) Such
links can be revealed by comparing discussion, and by reflective mental acti-
vity, yielding insight into general action structures and thus give rise to
general descriptions for action schemata as postulated in the second puragraph.
And this principle can immideately be used in further acquisition of knowledge.
(When teaching mathematics at school, in following this line, I once used as a
key sentence for the formation of some lessons: "In what respect is log for
exp the same as is Vv for the power?")

In the whole proceeding, keeping aware of structure and of process should
yield links to a higher-order view of the potentials involved, leading to a
schema as sketched below, and allowing economical representation of knowledge,
and transfer, by identifying analogies and similarities, which is a process of
abatraction (from special-context schemata), and of re-concretization (in @
particular special-context schema).

atructure process

Re ferencesa:

Bobrow, D.G. and Norman, D.A.: Some Principles of Memory Schemata, in:
Representation and Understanding, ed. by D.G. Bobrow and A, Collins,
New York/London Academic Press, 1975, pp.131-149

Kant, I.: De mmdi sensibilis atque intelligibilis (orma et principiis,
Schriften zur Metaphysik und logik Band 111, ¢d. by W, Weischedel,
Dammstadt 1975

Kiuwe, R.: Wissen und Denken, Stuttgart Kohlhmmer, 179

Piaget, J.: Biologische Anpassung wnd Psychologic der intelli penz,
Stuttgart Kictt, 1975 _der _intell)genz

Skenmp, R.R.: Intelligence, Leaming, and Action, Chichester Wiley, 1979




	Seite 1 
	Seite 2 
	Seite 3 
	Seite 4 
	Seite 5 
	Seite 6 

