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Production-System Theories

Perhaps the most difficult challenge for theories of cognitive development has
been to explain how development occurs. Piaget and many others have tried to
senerate such explanations, but they have not been entirely successful. Consider

the following evaluation:

For 40 years now we have had assimilation and accommodation, the mysterious
and shadowy forces of equilibration, the Batman and Robin of the developmental
processes. Wwhat are they? How do they do their thing? Why is it after all this ume,
we know no more about them than when they first sprang on the scene? What we

need is @ way to get beyond vague verbal statements of the nature of the develop-
mental process. (Klahr, 1982, p. 80)

One promusing effort to provide more precise and satisfying explanations
been to model development through production systems. These are
imulation languages that have proven useful for modeling
t. Each production is a kind of if~then rule that indicates
Id do in a particular situation. Together, the productions
r a wide range of circumstances. The
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key properties of production systems are:

1. The basic organization cOnsists of two interacting structures: a production memory,
which is the system’s enduring knowledge, and a working memary, which is the sys-
tem’s representation of the current situation.

The production memory includes a large number of speci
which includes a condition side and an action side.

The condition side of each production specifies the circumstances under which the
production is applicable. The action side specifies the actions that are taken when
these conditions are met. Such actions include both activities in the external world
and manipulations of symbols in working memory.
4 The contents of working memory are constantly changing, because they reflect con-
stantly changing situations. Information enters working memory both through per-
ception of events in the external world and through taking the actions indicated by
the action side of productions.
Thinking occurs threugh a cycle of (a) information being present in working mem-
ury, (b) the information matching the condition side of one or more producticns,
(c) this match resulting in the actions on the action side of those productions being
taken, (d) the actions placing new information in working memory. thus starting
the cycle anew.
. Leaming occurs through a process of self-modification, in which new productions are

created and existing productions modified as a result of previous expertence.
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The basic organization of production systems is diagrammed in Figure 3.5.

An example of a simple production system that produces correct perfor-
mance on Piaget's number conservation problem is shown in Table 3.3. The
hottom part of the table indicates the sequence of working-memory states that
the system produces while solving the problem. The particular production sys-
tem always searches downward from the top of the list of productions until it
uction whose condition side is matched by the contents of work-

finds a prod
oducsdon then fires, and the search begins anew from the

ing memory. That pr

top of the list.

In the experimental situation to which the Table 3.3 production system ap-
plies, the child has been shown two rows of objects, has been told that they have
be same number of objects, has seen the objects in one of the rows spread out,
and has been asked whether the two rows now have the same number of ob-
jects. This information is represented in the initial contents of warking memory
in the bottom part of Table 3.3. The initial state of working memory matches the

condition side of P1 (Production 1), which therefore fires, putting into working
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