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ABSTRACT

This study attempts to iIntegrate two particular aspects
of riaget's theory, seriation of weight behavior and the
equilibration model, with the recently develnped information
processing approaches to psychology, derived from the
development ané proliferation of the computer. 1t is felt
that computer based technologies will be more wicdely used
in the future in psychology, to help solve a variety of
common problems. A major contemporary problem that the
computer may help to overcome, is that of trying to integrate
the great mass of experimental data that has been collected
over the years of psychological investigation.

The paper has a number of major sections, a preliminary
section discussing methodology, a section concerned with
sinrle subject performance on a weight seriation task, and
a section concerned with Piaget's thecretical model,
equilibration. A review is given of a range of modern
approaches to psychology, including computer-based approaches
and systems science. As well, the details of the methodol-
ogles ol computer simulation, systems science, and single
subject performance models are considered.

The actual experimental work deals with the development
of a production system based on a study by Baylor and
Gascon (197l), which deals with the seriation of a number of
weights., Computer programs were written, in PASCAL to
facilitate portability, to simulate the weight seriation
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behavior of children in the age ranges of approximately 6
to 9 (Stages 1, 2 and 3). As well as validating the
findings of Baylor and Gascon, a further approach to weight
seriation problems was discovered for the Stage 1 child
(this approach has becen termed "Opposite.placement of
couples" to complement Baylor and Gascon's "Juxtaposition
of opposites", These programs are presented in the paper,
along with examples of the print out obtained, and a
comparison between these and the children's protocols were
made. Only chiléren exhibiting Stage 1 and Stage 3 behavior
vere considered in detail, as it was felt that the Stage 2
behavior was too complex and required more extensive
observation before actual modelling of the behavior should
be attempted,

Plaget's equilibration model is reviewed and discussed,
with emphasis being placed on its relationship to
cybernetics. As well, other mechenisms of the transition
from one stage to snother are considered, specifically the
models of Klehr and Wallace (1976) and Pascual-Leone (1970).

It was concluded that the models embedded in the
programs give an accurate simulation of the various types
of behavior observed through the age range cdiscussed.
Various extensions of the work are also considered,
relating to the integration of other aspects of cognitive
and motivational aspects into the model. It is felt
finally that it is important to extend work in the area of
representation of the environment to enable the program to
have something to manipulate. Plaget's work already has
an information »rocessing flavour, through his development
of the concept of operations, but there is hardly any
work based on the processing of representations of the
environment. This helps give a direction to future

research.
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PREFACE

Thic study stems from an interest in Piagetian theory
essociated with operations, equilibrstion and cybernetics,
and the challenge to relate some of these concepts with
aspects of computer simulation. I believe the computer has
an important, indeed vital role to play in the future of
theoretical psychology. After reading many authors who are
convinced of the truth of this belief, I feel that my
attempt to acquire some knowledge in this area has been
worthwhile. Psychology can make from the transition from
a qualitative descriptive science to a quantitative,
analyticel one. If the models produced zre to serve any
useful purpose they must yield predictions that can be
tested against experimental date. Because psychological
systems are generally very complex, realistic models
capable of solution could not have been formulated in the
precomputer era. Now computational difficulties should no
longer be a limiting factor in the development of a ‘
quantitative theoretical psychology. The only limitation
now lies in our ability to formulate hypotheses about the
operation of psychological systems, and to develop new
mathematical and experimental techniques to test them.

I would like to take this opportunity to thank Dr.
Don McAlpine for his understanding and help during his

supervision of this work. Conversations with Don are
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always (for me) an intellectually stimulating experience,
and I thank him for those experiences, I would also like
to thank Lindsay Groves from the Computer Science
department for putting up with my ebysmal ignorance
concerning the workings of computer programs, and for
giving me a considerable amnunt of his time and knowledge
to increase my understanding of the process. Tinally, I
would like to thank my wife, for her patience, and for her
support, without which this thesis would not have been

completed.,

K.E. Voges
November, 1979
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CHAFTER 1

A STATEVENT OF THE PROBLEM

In many respects this thesis has as its main concern a
nethodological problem, outlined at different times by
different theorists. It represents a growing dissatisfac-
tion with a science that seems to be becoming an encyclo=-
pedia of known facts rather than an interpreter and organ-
izer of these facts, This dissatisfaction was crystal-
lized in an article by Newell (1973), in which he considers
a very real problem emerging in psychological research, or
rather two interrelated problems. The first concerns a lack
of direction in research. Newell lists 59 different
rhenomena (by no means a final or exhaustive list) with
which experimental psychology deals, and is pessimistic
about any finelity being reached in any study. !'Matters
simply become mudier and mudier as we go down through
time. Thus, far from providing the rungs of a ladder by
which psychology gradually climbs to clarity, this form of
conceptual structure leads rather to an ever increasing
pile of issues, which we weary of or become diverted from,
but never really settle' (Newell, 1973, pp.288 - 289). We
seem to consider research as another consumable commoditye.
The research is performed with little consideration for
extension or integration with current theory. This is
Newell's second problem, 'We never seem in the experi-
mental literature to put the results of all the experiments
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together.... We do...relate sets of experiments. But the
linkage i1s extraordinarily loose. One picks and chooses
emong the qualitative summaries of a given set of experi-
ments what to bring forward and juxtapose with the concerns
of a present treatment! (Newell, 1973, p.298). The problem
concerns an integration of the great mass of data that has
been gathered over the last hundred years since psychology
has been considered an experimentsl science.

Other theorists, such as Deutsch (1960) have commented
on the same problem. In his book, Deutsch suggests that
there are too many facts in psychology, and the task is now
to interpret them. Lewin was also aware of this problem,
In a far-ranging paper (Lewin, 1665, p.201) he states:

'The need for a closer fusion of the various branches of
psychology demands tools which permit better integration.!
He was also aware of the problems with such an approach.
'"We will produce but an empty formalism, Iif we forget that
mathematization and formalization should only be done to
the degree that the maturity of the material under inves-
tigation permits at a given time' (Lewin, 1965, p.201).

One of his major concerns in the presentation of his theory
was to bring together the total field of psychology in a
logically consistent manner. He believed such a goal would
be impossible without adequate mathematization. If a
theory could combine into one logicel system of known facts
which previously could be tested only by separate theories,
this particular theory would have great value as an organ-
i1zational device. Lewin was of the opinion that concepts
of topology would prove !'frultful for representation in
every field of psychology' (Lewin, 1965, p.215).

In many scientific fields, the concentration over the
past several decades has been on analytical fact-finding,
and experimental approaches in highly specific areas. This
has been useful in helping to develop knowledge and to
understand the details of specific but limited subjects.

At some time however, there should be a period of synthesis,
reconciliation and integration, so that the anelytical and
fact-finding elements are unified into broader, multi-
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dimensional theories. !'There 1s evidence that every field
of human knowledge passes alternatively through phases of
analysis and fact finding to periods of synthesis and
integration. Recently systems theory has provided this
framework in many fields - physical, blological and social!
(Beishon & Peters, 1972, p.16).

In the remainder of this section I shall consider some
attempted solutions to the problems I have outlined, as
well as the general methodological approach to be followed
in this study. As will be seen, my main emphasis is
towards what may be loosely termed a systems approach to
the conceptualization of human cognitive activity. This
new approcach, following on from the theoretical work of
Von Bertalanffy (1951), is being considered more and more
in various physical and social sciences, and it is time that
such an approach was investigated for its application to
psychological issues. Coupled to this is the invention and
proliferation of the high speed general purpose digital
computer. This is I feel a significant step towards a very
necessary tool designed to "put it all together", and make
use of the immense wealth of data that has been gathered.

A number of writers (Reitman, 1955; Apter, 1970) have
considered the invention of the computer to be as important
an event for psychology as the invention of the microscope
was for blology. The exciting implications of this com-
parison have yet to be fully realized.
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CHAPTER 2

SOLUTIONS AND APPROACHES

1. Solutions
1 2(1)s Language

Obviously the longest used and, at the present time,
most important mode of communication used by psychologists
is language. The majority of psychological theories, from
psychotherapeutic technigues to speculations gbout the
structure of the mind, are presented in words. By them-
selves, such theorlies are imprecise. Theories set down
entirely in words are wide open to misinterpretation
because the referents of the words are determined by the
experience and training of the reader. For example, a lot
of people would consider that Plaget has something import-
ant to say. But, except for broad agreement over general
principles and experimental findings, psychologists may
find some difficulty in agreeing about exactly what Plaget
is saying. Such a problem varies depending on the lucidity
of the individual theorist, Inhelcder is aware of the
problem and states: 'We are somewhat disturbed by the fact
that the replication of our experiments does not always
show & sufficient understanding of Piagetian theory on the
part of the authors of these new works. We are of course
the first to admit that such understanding 1s not easy to
acquire, especially since this form of psychology is
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closely linked to a certain form of epistemology ' (Forward
to Modgil and Nodgil, 1976, p.7).

One of the biggest problems with theories set down
entirely in words 'is that the referents for the words are
not externally objectified' (Reitman. 1965, p.8). The
communicative aspects of words function by calling up ideas
in the reader. Such 1deas are entirely dependent on the
experience and training of each individual approaching the
written work. The problems involved in ensuring some
relation between the reader's and the writer's ideas are
awe-inspiring, and remain essentially unsolved.

An attempted solution to this dilemma has been the use
of operational definitions, the tying of constructs to
measures. The considerable interest in the strategy of
operational definition which developed among psychologists
a generation ago owed much of its impetus to the difficul-
ties of bullding adequate theories entirely of words.

Many at the time seemed to think it reasonable to hope that
the foundations of psychology might be made both precise
and communicable by tying concepts to stendardized. measures
and manipulations. The approach has been successful in
some areas, for example, operational constructs of intellig-
ence, but in otherareas, for example, measures of personal-
ity, the approach has been less successful.

At best however such an approach enables us to object-
ify presence, absence, and amount of whatever i1t is we are
dealing with. By tying the acceptability of a concept to
the immediate avallability of an operetional measure for
it, there is no room left for unattached theorizing. While
this approach has produced some useful measures, it leads
to the eventual stopping of any real progress. In recent
years, psychology has become less dependent on immediate
operationality, and there 1s more interest in the structure
and implications of theories cast in mcre formal languages.

Such solutions will be considered in the following sections.

Tad2)s Pictorial
The limitations of a purely language-based theory
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presentation have now been considered. Other forms of
theory presentation, such as pictures or diagrams, can
provide cormmon re‘erents for relatively simple concepts and
propositions, but they are of little help in clarifying a
theorist's ideas (for himself or others) when related to
complex structures or changes over time. Lewin (1936) is
an example of a theorist who used pictures and diagrams to
11lustrate and present his theories, as well as using
extensive mathematical presentations.

Miller (196)L) dismisses Lewin's mathematical work as
"merely discursive", and as an enrichment of English syntax.
He suggests further that readers who approach Lewin's work
expecting a mathematical theory will be disappointed. This
appeers to have occurred with Estes et al (195, pp.341 -
342), who critized Lewin's work as followss:

Where most learning theorists consider successful
predictions of behavior to be the principle test of a
good theory, Lewin's system requires only an "adequate",
according to the theorist, description and symbolic
representation of a situation.... By carrying over into
psychology some of the verbal phraseology of physical
field theories without the mathematics, Lewin has given
us a facsimile of a field theory which resembles the
real article in much the same way that a masterpiece

of taxidermy resembles a live animal.

Lewin did not however, regard his mathematics as some-
thing to be "tested" by experiments; it was more a conven-
lent language for expressing his highly spatial, Gestalt
conception of psychological and social processes. Such a
discursive method is not entirely useless and cen lend a
certain brevity to an account, and can frequently reveal
analogies that may be missed without such a linguistic

transformation.

VL3 & Mathematicsl

The attempt to apply mathematical models to psycholog-
ical problems has a long history, a history which can be
extended back at least to Bernoulli's paper in 1738 (in
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Miller, 196l) and if one wishes to push the argument, even
back to Aristotle. Niller (196l.) gives four relatively
distinct uses of mathematics in psychology. These are the
discurslve, normetive, functional end structural uses.
The discursive mode uses mathematical notation as a con-
venient extension of natural language. Normative appli-
cations use mathematics to discover or to demonstrate the
most efficient way to attain certain goals, which unfort-
unately (from the point of view of the psychological
theorizer) do not always coincide with what humans actually
do. Functionel descriptions are widely used in the physical
sciences in stating the so-cslled "laws of nature" and this
has perhaps been the most widely used type of mathematical
presentation in psychology to the present day. The final
use, that of structural descrirtion, is of most relevance
to the course we are pursulng here, as will be seen in the
chapters on Piagetian theory. Niller (196, p.6) describes
it as 'the use of mathematical notation to represent the
reduction in degrees of freecom that must occur in any
structured domain.!

From a psychological viewpoint, a structure is seldom
obvious or available for inspection. Nevertheless, many
theorists have insisted that the structure is there, and
have tried to use mathematics to characterize it. The
structure of the observed phenomena is generally analogous
to the way that the mathematical symbols are related.
Usually a system of symbols is constructed or borrowed
whose structure is isomorphic with the structure discovered
by the psychologist in his empirical investigations.

Miller (196!;) delineates twc distinct levels of structure
involved in a psychological theory., The subject constructs
(often tactily) a model to guide his behavior, and then the
psychologists constructs his model of what the subject has
done. 'One task for the theorist is to make explicit the
model that the subject is using; another is to construct a
model that accounts for why and how he tries to use it.
Thus the completed theory may contain two very different
kinds of structure' (Miller, 196!, p.22)i). Mathematical
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presentations of structures can be considered in spatial
terms (as for example in a factor anslysis) or in non-
spatial terms, as Plaget has used.

2. Approaches
Zis 1) s Computer-based

The invention of the computer has lead to a host of
technologies which are directly relevant to the problem of
presenting complex psychological theories. I shall look at
two important computer-based technologies, that of the

information-processing approach, and the use of computer
simulation techniques to produce models.

2.(1)+(a) Information-processing approaches to psychology
From a psychologicel viewpoint, the stimulus is treated
as information that 1s operated on, or processed, in differ-
ent ways at different stages within the orgenism. In the
course of this informetion processing it is assumed that
changes take place in the nature of the stimulus informat-

ion. Reitman (1965) considers information-processing in
psychology as a 'label for a general approach to the study
of psychological activity' (1965, p.1). This approach
emphasizes the functional properties of thought and the
things that this thought achieves. It encourages us to
investigate in detail the systems of cognitive structures,
elementary psychological processes, and higher order
strategies involved in human behavior,
(1) Advantages

Perhaps the main advantage in such an approach to the
study of cognitive processes is the degree of precision
such an approach entails. The methods and research
techniques developed in conjunction with these theories
enable the psychologist to set down his ideas about
cognitive processes as precisely as he chooses. It should
be accepted that, if psychology is to take advantage of
this chance to becore a precise science, these ideas must
be presented precisely. Before the development of these

information-processing theories, the only tools of
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communication available to psychologists apart from
mathematics, were those ancient vehicles of words and
plctures. Earlier sections have considered the
limitations of these to the presentastion of theories.

Hebb's theories could be considered as beyond the
modes of communication that he had available when he first
presented them. It is now possible, becsuse of information-
processing techniques, to carry out egn analysis of
cognitive processes at a level beyond anything possible at
the time Hebb worked out his theory. As Reitmen (1965,
p.9) states: 'Information-proceesing techniques enable us
to set down our ideas about central processes and structures
objectively, precisely, and in formal languages dealing
directly with assoclation structures and the manipulation
of complex relations among symbols,!

Furthermore, information-processing approaches have
uses in direct experimentetion as well as in purely
theoretic considerations. If unexpected results occur in
an experiment, one is uneble to say whether the difficulty
is in the theory, the ancillary assumptions, or both. 1In
an information-processing model, one can state, manipulate,
and deduce implications from theories in & way that is at
once sure, unambiguous, and independent of operations
such as measures, manipulations and conditions relating the
theory to data on human behavior,

(11) Disadvantages
Before it i1s concluded that I am offering information-

processing approaches as a panacea to cure all our theoret-
ical i111s, it should be pointed out that there are a number
of disadvantages to such an approach. It may as yet turn
out that certain human information-processing functions or
complexes of functions cannot be modeled successfully in a
computer language. In this cese, 1t would appear that such
an approach may be concerned with a relatively special and
limited conception of human cognitive activity. Another
problem may be that computers are too "good" to model

human processes exactly. Unless we can find a way to

program a computer to overlook certain (perhaps relevant)
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data, be distracted easily, show symptoms of fatigue and
other human traits, any models we produce may remain
rather stylized. Some more basic problems are rather over-
whelming. For instance, the sheer volume of a computer
program designed to undertake complex behavicr is a deterr-
ent to such an approach. For example, a version of Newell,
Shaw and Simon's General Problem Solver covers more than
one hundred pages (Newell, 1962; In Reitman, 1965). This
leads to a greater distance of communication between the
information-processing model and the reader. A further
problem is the verification of a model's isomorphism with
the system it is trying to simulate.

Lamendella (1975) distinguishes three different levels
of theories which could be considered to be modeling some
aspect of an organism. 'Each of these three subtypes of
theory have different goals, are constructed on the basis
of different evidence, and model -the organism in a different
sense' (Lamendella, 1975, p.8). The "lowest" level is the
behaviorally isomorphic theory, which at a minimum has to
model the observed behavior. The internal processes used to
obtain such behavior are of no importance. All that matters
is the degree of isomorphism between the observed and
modelled behavior. Lamendella states: 'I doubt that any
one weuld want to claim that the structures and processes
of a behaviorally isomorphic theory of man would constitute
a theory of human cognitive processes' (1975, p.10). The
next level, which is a subset of behaviorallj isomorphic
theories, are the psychologically isomorphic theories, in
which the functional components of such a theory are
equivalent to the functions actually involved when a person
performs a certain behavior, As well as this, the functional
components are interrelated in the same way as the functional
components of a person's cognitive system are related.,
Lamendella states a problem remaining in this level of model
building:

The internal structure of the functional compon-
ents of a psychological isomorphism theory have no

constraints other than their capacity for performing



Page 12
the function. Even if the theory has one component
corresponding to every one psychological component
(assuming a one-to-one isomorphism were desired), the
internal operations of the components could not hope
to reflect the way people process information while
ignoring the physiological facts entirely.
(Lamendella, 1975, p.11)

This leads into the final level of theory building.
Lamendella also believes that cognitive psychology may end
up as an 'unstructured heap of superficial, unrelatable
experimental data' (1975, p.12). He believes we need to
incorporate physiological facts into the mainstream of
psychology, leading to a psycho-physically isomorphic bype
of theory, containing the insights of physical description
theories and psychologically isomorphic theories, With the
construction of information-processing theories, the
researcher needs to examine what sort of model he 1s inter-
ested 1n, and to examine his complete model to see what it
iIs he has modeled.

Despite these difficulties, the possible benefits of
such an approach are large, and this approach should be
pursued. Of course, information-processing models can be
used carelessly and imprecisely, but, if used intelligently
can aid a researcher to develop and communicate his theory
of complex cognitive processes with elegance and precision.

2+(1) (D) Computer simulation
The first computer-based technology which has been

considered is that of the information-processing approach.
This approach contains within it an underlying assumption
of the structure of the human brain, namely that it 1s an
information-processing mechanism. The second technology
to be considered could be described as broader-based, in
that it does not have this underlying assumption. This

is the technique of computer simulation. Barton (1970,
b.S) defines simulation as 'the dynamic execution or
manipulation of a model of an object system for some
purpose.' An object system 1s simply the system we wish
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to study (i.e. the "real world"). Obviously in psycholog-
ical research, this "real world" is not as clearly defined
as it may be in other "harder" sciences. The considerations
of Lamendella (19?5), discussed in the previous section, are
relevant here. We need to decide what level of the human
organism we are attempting to model, whether the objective
observable behavior, or a more hypothetical cognitive
structure. DeGreene (19?6; p.119) describes this problem
when he states: 'An analog based on only two variables -
input and output - has the lowest degree of isomorphism,
and the underlying function may be vastly dissimiliar.,
Such an oversimplified model is most useful as a represent-
ation of a subsystem, which i1s then linked to other
simplified subsystems. The lack of precision and detall

should not transcend the subsystems,! Simulations are

basically analogies. They can range from physical operat-
ing devices with definite shapes to block diagrams, figures,
and computer programs,

We need at this point to make a distinction between the
uses of the terms "theory" and "model", Barton (1970, p.26)
defines & model as 'a constructed specific expression of a
theory of one or more hypotheses.,! This relationship is
shown in Figute 1.

,///////,Theory
Study of l

the model '\
Model

Figure 1. Relationship between theory and model.
(From Barton, 1970, p.27)

A theory can be considered as a set of general or abstract
principles as they exist at a particular moment in time.
Theories are purposely broad, as they try to apply over
many specific cases, and communicate generalities. A given
theory may lead to almost an unlimited number of different
models and applications. Figure 2 shows the relationship
between theories, models, and the object system.
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Ob ject
ystem

(Compare observations, if

ossible)
Experiments Theory
with the ¥and/or
model hypothesés
Simulation
Model

Figure 2. Relationship between model and ob ject
system, (From Barton, 1970, p.28)

A more elaborate model of this relationship can be seen in
Figure 3. 1In discussing this Heggett (1970) considers that
the use of the term model has at least three different uses
in everyday language. These are as a noun, implying a
representation; as an adjective, describing an ideal; and
as a verb, used to demonstrate something. Ackoff, Gupta
and Minas (1962) have suggested that we incorporate part of
gll three meanings when transferring to scientific usage.
In model building we are creating an idealized representat-
ion of reality in order to demonstrate certain of its
properties,

Realistic models can be constructed fairly easily for
physical sysbtems, but not for complete biological, psycho-
logical and sociesl systems, in which real system relation-
ships are obscure, the actual number of variables may not
be known, and quantification poses a formidable problem.
Modeling and simulation have an advantage for these systems
however, in that they allow detachment of the observer from
the system he i1s studying and therefore reduce personal
bias. A model is mede necessary by the shear complexity of
reality. It conveys not the whole truth about the real
world, but a useful and comprehensible pasrt of it.

2e(2) Systems Science
A new approach, the so-called systems approach, is
being considered in all areas of science. A system can be

considered as an arbitrarily demarcated section of the real
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Figure 3. A model for models,
(From Haggett, 1976 p.316)

world which has somecommon functional connections.

Because this approach has been used in a wide variety of
disciplines, people coming from different backgrounds and
bases have interpreted the concepts in different, or even
contradictory ways. In general terms the systems viewpoint
means looking et situations, topics, and problems as a
complex of interacting parts which can be divided into
systems, sub-systems, and sub-sub-systems, Identification
of these various systems leads to an examination of the

relationship between them. Specifically the flows of
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influences, energy or information smong and within the
system involved and the routes these take, can be studied.
'Systems thinking and the systems approach is now a growth
area' (Beishon & Feters, 1076, p.8). Idess from this
approach appear in different gulses in cybernetics, systems
engineering, general systems theory, operations research,
systems analysis, computer systems, and many other fields.

‘As considered earlier, it seems we need a general
approach to psychology to make sense of the great wealth of
data that has been accumulated. DeGreene (1976) believes
that systems theory provides such an approach. He states:
'This approach could serve as a launching point for a
comprehensive theory of human behavior.... This theory must
incorporate the input-throughput-output paradigm, and it
must be expressible in terms of the modification or
processing of inputs, probably in terms of information
processing' (DeGreene, 1976, p.131). He delineates two
main ways of looking at systems, generalization across
systems, and simulation. I have already considered
simulation in some detall. As for generalization, it is a
common basic principle of systems theory that different
systems may have much in common. 'It 1s a striking phen-
omenon, the significance of which is hardly understood,
that laws which are structurally identical or isomorphic
apply to fundamentelly different fields!' (Von Bertalanffy,
1951, p.305).

DeGreene (1975) outlines some properties of systems,
A system is usually in equilibrium, and such an equilibrium
is dynamic, not static; there 1s evidence of change over
time, in the form of growth or decay; one subsystem may
play a dominant role in the behavior of the system, lead-
ing to dominance or centralization; many systems are open,
exchanging information, energy, or materials with their
environment; and finally there is a process of different-
iation, the formation over time of new constituents from
old. Reading these properties, one is struck by the
similarity between this conceptualization and Plaget's
interpretation of the child and his behavior. This point
will be pursued in depth in a later section.



Page 17

CHAPTER 3

METHODOLOGY

1. Computer Simulation

We now need to consider the methodology of developing
a simulation program., This could be divided into three
broad basic steps. They are firstly, data collection,

secondly a development and programming of the model, and
finally, an analysis of the results.
1o l¥)5. Data collection

In the initial stage dealing with data collection,
there are a number of aspects not dealing specifically with
the gathering of data. We need initially to determine the
objectives of the simulation. We commence by examining a
particular behavioral process and making observations of
the phenomena. The actual operating realities of the
system need to be considered, through these initiasl phases,
These are, the representation the Ss use of the environment,
a description of the general categories of behavior, and an
identification of the rules or heuristics which interact
with the environmental representation to make up a
behavioral process.

'If a computer program is to simulate human behavior,
it must have available an environment to work upon!
(Feldman, 1971, p.185 - 186). We could ascertain the nature
of the environment either by examining the S's references

to it, or by generating an idesl environment that we think
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the S would require to engape in hies behavior. We need to
consider the elements of the environment that the S feels
are relevant to his task, As well as this, we need to
consider what labels the S attaches to them., Types of
relationships that the S forms between the objects in the
environment also need to be considered. As well as spatial,
the temporal relstionships need to be considered - that is,
do reletionships between elements change over time?

Secondly, we need to consider qualitatively different
kinds of behavior that the S exhibits. These categories of
behavior can in general be described in terms of what the S
says he is trying to do, i.e. his goals. These broad
behavior patterns can define the framework within which the
specific informetion processors ere built. Not only
observable aspects of behavior, but also cognitive behavior
needs to be considered here.

Finally, we need to try and esteblish what rules and
heuristics the S uses to operate on the informetion he has
received. This may require some work and consideration of
a large aspect of the S's observed behavior,

There are a number of possible methods of proceeding
when we are faced with the problem of data gathering. Some
researchers indicate a preference for gathering large
quantities of data before simulation is attempted, others
for after the model is developed. There is, bf course, a
need to use the data in a balanced way for information
before the development of the models and for verification
afterwards. Overriding all this, the researcher needs to
be aware during the whole data collection process of the
basic question of whether a complete and detailed (to the
point of being operational) model is warranted and
desirable.

1.(2). Developing and programming the model

Constructing a model of complex thought processes
involves the breaking down of these processes into simple
elements. There are a considerable number of factors to
be considered. Gullahorn and Gullshorn (1971, p.353)
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state:

In computer modeling, one must develop a symbolic
representation of both the experimental situation and
the theoretical system., Neither task is trivial.
Researchers simulating human chess play, for examplse,
must develop a means of representing the chessboard,
the pieces, and the operesting rules concerning legal
moves., As a seperate and additicnal problem, they must
program hypotheses concerning human strategies in

rlaying.

The model initially can be decsigned conceptually, be-
ginning with a general verbal and mathematical description
which leads to the conception of a flow chart, showing the
logic of the interactions and flow of information through
the system. This flow chart need show only the elements
and T'lows of interest. This production of a flow chart 1is
a crucial part of the whole operation.

Once the flow chart has been constructed, we need to
select a language and program the model. There are a
number of criteria needed for the final cholce of the
programming language used (Sammet, 1969), including its
availability on the computer used, its general form of
construction, and its ease and use of interpretation, etc.
Newell snd Simon (1971, p.15h) describe the process as 'try
to write a computer program that you think would simhlate
the human protocol ... realize the program on a computer,
and determine what behavior path it would follow when
confronted with the same problem as the humsn sub jects.?

A model needs to actually operate because 'there is no
quarantee that a simulation model is logically sufficient
or accurate until it has actually been implemented!'
(Starbuck and Dutton, 1971, p.18). The process does not
end with the initial programming as the program needs to be
run, tested, and "debugged".

There are two types of programs which can be construc-
ted, These are the descriptive, in which the objective is

to state how behavior does occur given an internal criter-
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ion, and the prescriptive, in which the objective is to
state what behavior should occur given an external
criterion (Dutton and Briggs, 1971).

At our present stage of knowledge, any model described
in a running program will have both psychological and
nonpsychological processes. A psychological process can be
considered to parallel the process used by S i1n generating
a certain output from a certain input. A nonpsychological
process does not have this isomorphism. This is necessary
because there are occasions when E is unable to identify
what the S 1s doing, or even if this is possible sometimes
lack of programming techniques make it dif"icult or even
impossible to model the desired process (Laughery and
Gregg, 1971). These processes help "fill out" the model
and need to be distinguished from the psychological
processes, The nonpsychological processes indicate an
area of attack to E, both in his understanding of S and of
programming in general. The overall goal of this model
construction is expressed in this analogy by Newell and
Simon (1971, p.15l):

To explain a behavior path by a program is quite
analogous to explaining the path of a planetary
system by a system of differential equations. The
differential equations predict what will happen next
«.» 88 a function of the exact state
of the system at the beginning of the interval. The
program determines what the mechanism will do next as
a function of its exact state at the moment, this state
being dependent in turn, on the previous history of

the system and its current environment.

Tel3) s Analysis of results

The final step in this process 1is to test the theory
by computer simulation. The program is executed on a
computer and the machine's performance is compared with the
S's performance. The E measures and analyses the outputs
obtained from the simulation model. Results are often
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verifled by comparing decisions made by a computer with
those made humanly, given the same input data. In order to
provide an adequate test, the behavior with which the
computer output is compsred must, of course, be different
from the behavior which served as the basis for the model's
construction., What actual degree of isomorphism is required
between the computer's and the S's behavior is still a
matter for debate. Such considerations are beyond the scope
of this paper, but they have been touched on briefly
earlier (see page 11).

Finally, as a result of this comparison between the
two types of behevior, the model is adjusted and recon-
structed to allow for any discrepancies observed. This
process 1s continued until the E is satisfied with the

result (if ever).

2. Systems Science

There are many different approaches to a methodology -
for systems thinking to be found, probably almost as many
as there are definitions of systems thinking itself. I
sh21]l try to present a reasonably general account here, in
a 'precise yet vague' form (Checkland, 1976, p.51), which
enables ideas and actions to emerge, but which does not
reduce to no more than a technique. Many approaches concen-
trate on an initial generation of a large number of alter-
native descriptions of the system, which is followed by a
decision on the most appropriate based on the criteria of
the objectives and the need the system is to fulfil. Even
within a single objective, many alternatives are possible,
so other factors for making a decision need to be taken into
account, Jenkins (1976) gives an approach which emerges
from his definition of a system as a complex grouping of
components for which there is an overall objective. He
selects the system which will solve the problem, places it
in a systems hierarchy and defines the required objectives.
This chosen system is designed, implemented and then re-
appraised in operation.

Checkland (1976) gives a nine-stage structure to a
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systems methodology. This is presented in Figure L. Only
the first four stages are of direct relevance to our needs
and will be considered in more detail. The remaining
stages are more concerned with the use of the methodology
in the solving of real world problems (e.g. manazement) and
shall only be looked at briefly.

1. PROBLEM SITUATION

Z. ANALYSIS (non systemic: analysis of
what exists at present in
the problem situation)

3. ROOT DEFINITION OF

RELEVANT SYSTEMS

4. CONCEPTUALISATION (of systems to fulfil

the roles embodied
FURTHER in 3.)
SYSTEMS 5 COMPARISON (between 2. and 4.)

THINKING
6. DEFINITION (of arange of possible
changes)
7 SELECTION (of a desired, agreed-to-

be-feasible change)

(of the agreed change-
it may or may not be
a complete system)

9. IMPLEMENTATION (of agreed change)

Figure li. Systems science methodology.
(From Checkland, 1976, p.61)

297, Analysis

The initial phase in the resolution of the problem
situation is an analysis of it, a finding out of what
actually exists at present. The situation is viewed as a
hierarchy of systems, We try to build up a rich picture
of the situation through three main aspects, structure,
process and "climate". The structure is explained in terms
of the actual physical design, the hierarchy developed,
reporting structures, and patferns of communication. The

processes are concerned with the basic activities, which
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could be considered as planning, implementation, monitor-
ing the effectiveness and external effects, and correcting
deviations. The "climste" is the relationship between the
structure and the process. ™igure 5 outlines the guide-

lines for an analysis of the problem situation.

Environment(s), Wider Systems

The Problem Situation

Structure<—Process

e Physical e Planning
e Hierarchical e Operating
e Reporting e Monitoring and
e Communicating Controlling

What is the relation
between ‘structure’
and ‘process’?

what is the ‘climate’'?

Figure 5. Guidelines for an analysis of the
problem situation. (Checkland, 1975, p.52)

242} Root definition of relevant systems
The root definition indicates the basic nature of the
system or systems thought to be of relevance., It can be

considered as a condensed representation of the system in

its most fundamental form. It is only a part out of a
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rsnge of possibilities and can never be considered to be
finally "correct". During the consideration of the problem
cituation, it may be worthwhile exploring the limitations
of several root definitions. An example for a human
system may be as an "information processing system", which
leads to considerable implications. It is not the only
root definition however. Something analogous to "self-
actualizing systems" (Maslow, 1967, 1970) may also be
posited, leading to different, but no less important,
implications.,

2.(3). Conceptuslization

This leads into the actual building of conceptual
models of the system which are relevant to the problem
situation and for which root definitions have been derived.
Something needs to be created which can be compared with
the picture built up in the earlier analysis phase. This
should be as objective a picture as possible of what is
implied by the root definition. A way of building the
model then needs to develop, perhaps by assembling the

minimum number of activites required in a correct sequence.
This model is then compared with a more formal system (if
available) to ensure that the conceptualization is not

deficient in some basic aspects.

2.0l « Comparison and definition of possible changes

A comparison may be performed at any number of levels
between the conceptualization and what actually exists in
the problem situation., It is done to reveal possible
changes leading to an "improvement" of the problem situat-
ion., These: changes are then.defined and then certain are

selected as being necessary and feasible.

2.18) 5 Design and implementation

Decign refers here to the creation of some modific-
ation within the system, which is then implemented.
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2. (6).. Appraisal

Checkland describes this as 'a dignified way of
saying "Start Again" '(1976, p.72). It emphasises the
fact that the whole methodology is flexible and subject to
continual assessment and change. Nothing should be
considered as being in its "final form". More sophisticated
root definitions and/for conceptualizations may emerge,
resulting in a reconsideration of the problem. A summary

of the whole methodological apprcach can be found in

Figure 6.
— 1. ANALYSIS

1.4 Examine the problem situation,and collect
candidates for the role "the problem*”,

1.2 Analyse the problem situation.
(Structure, Process, Relationship between
them.)

» 2, ROQOT DEFINITION OF RELEVANT SYSTEMS

24 Formulate root definitions of relevant

systems.
3. CONCEPTUALISATION
3.1 Assemble the minimum necessary
4 activities in the system(s) 2.1, hence build

conceptual models,

A 3.2 Use the ‘formal system’concept and/or
other systems thinking to finalize the
conceptualisation(s).

A —— 4., COMPARISON AND DEFINITION
4.1 Make a formal comparison between the
results of 1.and 3.
4.2 From'the results of 4.1define a range
\ of possible changes.
4
= f; SELECTION
5.1 Select, with relevant actors in the
problem situation, or get them to select,
a relevant feasible change required to
improve the situation in 1.2,
—— 6. DESIGN AND IMPLEMENTATION
6.1 Design whatever is necessary for the
implementation of the change selected.

—— 7. APPRAISAL

Figure 6. A summary of the systems methodology.
(From Checkland, 1976, p.73)
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3. Single Subject Performance lodels

I now wish to look at a particular methodology for
constructing performance models for single subjects. When
the S 1s confronted with a certain situation, It is assumed
that he deals with that situation by moving through a finite
set of states of knowledge towards a predetermined goal.

In order to move through this set of states of knowledge,
the S sets certain goals and applies operators to reach
those goals. At any point the choice of what to do next
Is dependent on the S's production system. The basic

element of this system 1s the production.

Each production can be considered as a rule which has
two parts, a condition part (C), and an action part (A).
The rules are written in the form C—A. The condition
part refers to symbols in the short-term memory (STM) that
represent goals and knowledge elements existing in the S's
knowledgre state (Xlahr & Wallace, 1976). The condition
part is evaluated by tests that can be epplied to the
states of knowledge. The right hand side of the expression
is the action part, which 1s a set sequence of one or more
operators. These operators consist of transformations on
the STM, including the generation, interruption, and
satisfaction of goals, the modification of existing elements,
and the addition of new elements. The condition side of a
production can be considered as a pattern of conditions of
evocation, which when matched, evoke the appropriate action
component.

The system operates in the control structure where
each production 1s considered in turn. The current state
of knowledge is matched against the pattern on the left
side of the C—sA pair (the production). If the condition
is satisfied for the current state, then the associated
action on the right side is then evoked and performed,
which transforms the state of knowledge by some change
which occurs in immediate memory. The process then begins
anew at the top by trying to match each new state of
knowledge with the first C—A pair, and the process
continues. If no condition is satisfied, the processing
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terminates unless some new information is obtained, The
Immediate memory has a goal stack as well as a collection
of elementary assertions about symbols. Knowledge of
paths followed and knowledge states to which return 1is
possible are not represented. Xhlar (1973, p.152) has
described the simple operation of the system through a
series of rules. This is presented in Figure 7 in the
form of a flowchart.

IStartI

A
Symbols Change
in STM | in STM

L
Production
Condition

productions

Production
Action
I

Figure 7. Operating rules of a production system.
(Created from information in Klshr (1973) and Klahr &
Wallace (1975) )

It is important to note the hierarchical nature of
the processes. As the system works through a series of
productioh rules in turn, a hierarchy deveiops within the
model. The importance of this type of hierarchy is that
it is not fixed in advance, but grows in response to the
interplay with the environment, and shows some of the
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flexibility and transferability that seems to characterize
human higher mental processes.

An ordered set of these productions put together 1s
called a production system. In actual use a model is
posed in the form of a production system. The system
'forms a complete process if 1t is iteratively applied to
each new knowledre state that is generated by this action!
(Waterman & Newell, 1971, p.289). The model is written
as a series of conditionel statements each expressing what
to do under specified conditions. The act of executing
the various tests on these productions is implicit. 1In any
case where more than one condition is true, the one higher
in the 1list takes priority (Newell & Simon, 1972). The
model is used to predict 'which operators are to be
performed at each step, hence what knowledge state is to
be attained at each step, and thus what things relevant to
the task can be exhibited by the subject at each point!
(Newell, 1973a, p.33). Production systems constitute a
family of computational and logical systems much studied in
computer science (see Minsky, 1967; Hopcraft & Ullman,
1969). Members differ considerably in the details of the
conditions, actions, control structures and the data types
on which they work. Concepts equivalent to production
systems occur in symbolic logic (Post,T9l3) and linguistics
(Chomsky, 1957).

The exact size of the production system does not seem
to be an important descriptive parameter. It 1s certainly
important that it be small enough to allow it to be
discovered and analyzed. However, additional productions
come into use and into view with every new aspect of |
significant variety in the task environment. The point at
which analysis stops 1s dictated by the frequency with
which particular productions are evoked. The S undoubtedly
has other productions in long term memory (LTM) which are
not always evoked when he is concerned with a particular
problem space. A relatively small production system 1is
permitted by closure of the problem space. This closure
occurs by restricting the area considered to one specific

task or aspect of behsavior,



Page 29
It is worth making the point here that, in addition to

considering production systems as a methodology for

constructing information-processing models of human
behavior, Newell and Simon (1972) also consider the concept
of production systems as a theory of the actusl structure
of the human information-processor. They state (1972,
pp.803 - 80L4):

We confess to a strong premonition that the
actual organization of human programs closely
resembles the production system organization ....

We cannot yet prove the correctness of this judgement,
and we suspect that the ultimste verification may
depend on this orgsnization's proving relatively
satisfactory in many different small wsys, no one of

them decisive.

In support of this claim they outline a number of features,
some of which are briefly summerized below., The full set
with detaliled explenations can be found in Wewell and
Simon (1972, pp.80!. - 806). The features include: the
information about an information processing system (IPS)
encoded in a production system is homogeneous; each
production is independent; a production has a strong
stimulus-response flavor; productions seem to represent
meaningful components of a total psychological process and
not just odd fragments; the working memory for a production
system is the STM which fits the functional definition:
a production system may offer a viable model of the LTM.
Of importance during the development of a model is
the choice of language that 1is used to report the model
under consideration. While Klahr and Wallace (1976)
state their models in the language PSG (created by Newell,
1972), it is worth noting that this is not the only
representation for stating production systems and that
even a specific language such as PSG allows wide latitude
for the final configuration of specific assumptions about
the human IPS. Two recent studies of the development of
seriation skills in young children have used production
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systems In quite distinct forms. Both Young (1973, in
Klahr & Wallace, 1976) and Baylor and Gascon (197)
(considered in more detail in Part II) used production
systems to model different levels of performance on
seriation tasks; Baylor and Gascon developed a production
system language specifically designed for seriation
models (Gascon & Baylor, 1973). Both of these approaches
are reviewed by Klahr (1976). A paper by Newell (1973b)
provides a basic introduction to production systems and to
the use of PSG, as well as showing a fairly complete
production system model of the mental scanning work of
Sternberg (1970). An extensive general treatment of
production systems, independent of any programming
language, can be found in Newell and Simon (1972). Yet
another production system representation and language is
utilized by Waterman's (197).) adaptive production systems.

The production system format seems to have developed
as the preferred form for specifying an information-
processing system. Newell and Simon (1972) have
considered this format ss one of the most important
features of the information=processing approach to

psychology since its inception in the early 1950's,

li. Conclusion

The three areas we have considered show some overlap
of concepts and approaches. In particular, the represent-
ation of the environment by Ss discussed in the computer
simulation section, eand the problem space of the single
subject performance models may have rather a lot in common.
It also may well be that the simple elements discussed in
the former section have been identified as the productions
of the latter section. Other points need to be made. In
the systems science approach the need for a largeé number
of approaches to be considered gives a direction to any
specific experimental research, with a view to determining
which behavior is the most isomorphic with the actual
behavior being studied. At a more basic level, any'number



Page 31

of root definitions (see page 23) can be posited for man,
and it is here that his complexity lies, as any one of
them may give some indication of his nature, but none on
their own could be considered as a complete description.
On a more immediately useful level, i1t may well turn out
that a system which involves production rules will have
within it a hierarchy of subsystems, with some higher
order productions leading to whole production subsystems
which are introduced and executed whenever a particular
environment or type of information is recieved.

When Piaget's so-called clinical method is considered
more closely, there is some similarity between his
careful and extensive exploring of a Ss thought processes
and the intensive studies undertaken when one S's behavior
is recorded and simulated through the use of information-
processing models., Piaget developed his clinical method
from his work at the Binet laboratory in Paris when he
decided it was useful for the study of thought. His work
is structured in order to isolate verisbles of thought
processes, aiming to learn preclsely how one individual
thinks about any one problem. Having gathered all the
information he can from one individual, he relates his
findings to his theoretical structure. The clinical method
can be considered as a general.framework for questioning
the 8, which allows for flexibility in the way the E
guestions the S in order to determine what the S is
thinking. This questioning is very delicats and subject
to several kinds of error. The E may talk too much and
thereby suggest answers to the child. Or, the E may not
talk enough and fail to pase the questions necessary for
determining the child's meaning. As well as this, many
non-verbal tests need to be incorporated into the interview
to allow for the child's non-verbal thinking. Any verbal
work required always refers to actual concrete objects that
the S has before him, or answers may be obtained in the
form of manipulations of these concrete objects. Braine
(1952) has critized Piaget's clinical method as being too

verbal and therefore inadequate. WHowever, many of Piaget's
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earlier tentative findings have been substantiated in more
carefully controlled experiments. 'Piaget proceeds with
the assumption that a detailed investigation of any small
sample of a species will yield basic information inherent
to all members of that species' (Maier, 1965, p.82), and
it would appear that this assumption has been validated.

Piaget has explicated his eclectic methods of research
and theory construction. He proposes two essential
approaches, much akin to those utilized in the nuclear
sciences (Piaget, 195!). They are, firstly, the step-by-
step analysis based upon an investigation of cause and
effect, which forms a network characterized by hierarchical
relationships and combined connections; and secondly, the
analysis of implications by considering both the field as
a whole and the coordination of its parts. In mathematics
this is comparable to the group, and in logic, to the
propositional operation. Emperical investigations and the
inductive mode of reasoning is akin to the first approach,
while reasoning by logic and constructing hypotheses by
deduction is similar to the second. Symbolic logic, Piaget
stresses, can be applied scientifically &s a research tool
as can the more commonly used statistical techniques.

Piaget's concentration on specific aspects of the
child's development at different times can be considered in
terms of the closure of the problem space (e.g. conservation,
seriation, classification, etc.). Within each of these
s8paces, he has Intensively and fairly exhaustively examined
the process and its parameters. Recsearchers working on an
information-processing explanation of the processes also
tend to concentrate on one problem space. Baylor's studiés
with others looked at seriation (Baylor aﬁd Gascon, 197.;
Baylor & Lemoyne, 1975); and Klahr and Wallace's looked at
conservation (Klahr & Wallace, 1970, 1973).

Finally, it would be of some value if a single computer
language could be devised which would enable researchers to
present their diverse models in a single format, with a view
to some form of integration of these problem spaces. A lot
of fundamental questions, such as the representation used
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by the Es in solving these problem spaces would need to be
answered however before much apgreement on a common language
could be reached. Boulding's (1956) conception of the
"image" as the base that behavior is dependent on may be a
useful focussing tool for the problem. The constructing
of such a langusge may well be another focussing tool for
looking more closely at the whole range of human belavior
and describing it in more explicit terms,



PART II

THE PERFORMANCE MODELS OF
A WUMBER OF INDIVIDUAL SUBJECTS
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CHAPTER )i

EXPERIMENTAL STUDIES: FIAGET'S WORK

The groupings of logical operestions are important
structures in Piagetian theory - they are the structural
centerplece of the concrete-operstional period. Piaget
asserts that these logico-mathematical structures are
intended to model thought structures,. Unfortunately Plaget
does not give any explicit explanation of exactly how these
structures can come to be translated into actual human
behavior. Ilost researchers seem to bypass the model when
it comes to actual experimental approaches. 'When, however,
one looks at a child's actual performance on one of Plaget's
tasks, the structural (logical) descriptions turn out to be
of little use in accounting for the detailed sequence of
steps the child goes through in doing the task, whether he
solves it correctly or not' (Baylor & Gascon, 197, p.2).

Flavell considers the structural model as a 'general
context or frame of reference for looking at behavior,
rather than a precise and detailed statement of model-to-
behavior isomorphisms' (1963, p.189). There appears to be
three main purposes in Piaget's groupings (Flavell, 1963,
P.190). They are firstly a precise structural description
of "ideal" cognition in certain logical operations, secondly
they form a framework for con%idering global qualities of
the pre-operational stage, and thirdly they can be used to
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Investigate more specific intellectual attainments,

1« Grouping V
In this discussion, I shall look specifically at

Grouping V (addition of assymmetrical relations), of which
the core operation is seriation. Grouping V i1s concerned
with asymmetrical relations, in which some ordering occurs.
This order is transitive (i.e. A { B and B £ C implies

4 £C), and occurs in a specific direction (1.e. A < B, #

A D B). The important aspects of this grouping may be set
out formally as follows (from Piaget, 19.9):

Let O, A, B, C, D ... be a collection of entities.
Let — be a transitive asymmetrical relation.
Let a, a', b', ¢' ,.. label the ordered differences

indicated by —.

We can therefore form a series:

oS g 8y Wle el
b—s
c ' 4
d >

The series has the following properties:

1« Transitivity

e.g. (0—2+a) + (A-21eB) = (0 2 B)

2. Composition (closure)

b

(B 2— o

c) = (0 —=C)

-+

e.g. (0—2+2a) + (A-214p)
3. Assoclativity
e.g. f(a *t a') + bt =a + (a' + b')

i. Special Identities
a. tautology a + a = a
b. resorption a + b =b>

5. Reversibility
The inverse of an ordered difference relation

(A fg—rB) is the reciprocal (B—El—oﬂ).
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6. General Identity - equivalence relation

€efe Ly e By

2. Characteristics of Stages

Piaget (1977) outlines a series of levels in the dev~-
elopment of the ability to seriate. Level I 1s divided
into three sections, At level IA(i), the child simply
arranges the objects in twos (e.z. one big and one small)
and cannot coordinate the pairs. -At level IA(ii), the
same thing occurs but in threes or fours instead of twos,
Level IB results in construction of the series but only
after considerable trial and error and subsequent correct-
ions. A child however at level IIA manages the series
immediately by looking for the smallest (or largest) of the
elements, then the smallest (or largest) of the remainder,
and so on.

Piaget (1977) distinguishes between the child's action
in performing the behavior, and the child's conceptualiz-

ation of it. Tor Piaget the action precedes the concep-
tualization, or at best they proceed simultaneously. The
child's consciousness (cognizance, in Piaget's terminology)
of his conceptralization becomes progressively more devel-
oped. In level IA this amounts to an awareness of dichot-
omies (big and 1little) and trichotomies (big, middle and
little), which remain at the ssme level as the actual
action, and which in the early stages amount to arranging
in pairs and later arranging in threes and fours. At this
stage the specific actions dominate, and the child's
attention is concentrated on the results of the action.

At level IB, the child's conceptualization is at the
level of "labelling". This relates to the particular
individual objects without any explanation of the
relationships among them, or coordination of specific
actions. The child is likely to use such labels as "a
big-middle sized one" etc., Actions at this level usually
result in the construction of an actual series, but only
after trial and error, that is, when the child actually

sees his mistake,
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At level IIB, the coordination between the actions
dominate, and the chlild uses a systematic method to
complete the series., The child must simultaneously select
elements smaller than the preceding one, and larger than
the following one, or vice versa., The child's concept-
ualization now includes the relationship between the
actions, with consideration being paid to internal and

central mechanisms, to the coordinations themselves.

3. Plaget's Work
The number of available studies in the area of

seriation seem to be relatively small (NModeil, 197 ;
Modgil & Modgil, 1976). The Geneva studies have
demonstrated that children below the age of four or five
do not have the concept of seriation even when presented
with a small number of objects., Piaget and Szeminska
(19411, in Inhelder and Piaget, 196l) studied the develop-
ment of length seriation initially and found the stages
outlined above. (See also Piaget, 1952). They used ten
small rods with others added later for insertion in the
original series. Inhelder and Piaget state that 'children
do not use the configuration of the whole until a
comparatively late age' (195, p.2l8). Younger children
(5 to 7 years) need to compare two differences by
measuring one pair against the other., O0lder children

(9 to 10 years) can tell at once whether the differences
are equal or unequal by taking the configuration of the
series into account (i.e. whether the differences are
equal, or if there is some relationship between each
member of the series, resulting in either a positively

or negatively accelerating parabola across the top of the
sticks). Inhelder and Piaget (196l.) also consider the
difference between visual and tactile perception of the
objects to be seriated. They found no great difference
between the two modes of presentation. The other major
area they considered was that of obtaining the children's
"anticipations" of what the series would be like, before

actually constructing it, by drawing the expected series.
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There were three pnssible responses. Firstly, failure

in anticipation, secondly a global anticipation, in which
there was a correct pencil drawing or a correct seriation
of size in a coloured drawing, but there was no corres-
pondence between the colours drawn and that of the real
objects. Finally, an analytic anticipetion was obtained,
in which there was an exact correspondence of colours and
sizes of the drawing and the objects, and a correct
seriation of the drawing sizes., The results obtained are
presented in Figure 8, which is drawn from results
published in Inhelder and Piaget (196l).

100+ ; B

Percentage
of

Subjects

Figure 8. Anticipation and performance in seriation.
(Constructed from data in Inhelder & Piaget, 195li, p.253)
A - Failure in anticipation. f

C - Global anticipation.

E - Analytic anticipation. ;
B - Failure in seriation.

D - Success by trial and error.

F - Operational seriation.
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Piaget's solution to the apparent paradox of the child
being able to anticipate the seriation before being able to
perform it is quite simple. An actual performance of
seriation implies reversibility - the S must be able to
realize that, for example, an element E 1s longer than the
elements already in the series (D, C) at the same time as
it is shorter than the elements remaining (F, G). When
drawing a chlld needs only to consider one direction of the
size variable, and does not have to compare pairs. 'The
relation he imposes 1s one-directional and therefore
irreversible. The anticipation expressed in these drawings
is 'an incomplete anticipatory schema because it is pre-
operational' (Inhelder and Piaget, 195!, p.257). It would
appear that these anticipatlions are a different phenomena
to the conceptualization (discussed earlier), which appears

to follow the development of action.
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CHAPTER 5

EXPERIMENTAL STUDIES: LENGTH SFRIATION

One of the earliest non-Piagetian studies of length
seriation was that of Braine (1959), which included an
experiment on transitivity of length using a largely non-
verbal testing procedure. The Ss were rewarded with aandy
for correctly choosing the longer (or shorter) of two
uprights. After observing that A > B and B > C, they were
tested for their ability to infer that A) C, where the
difference was imperceptible. Braine (1959) in this way
distinguished between the use of perception (i.e. can see
A > C) and the use of inference (i.e. A > B and B) C implies
A > C) in reaching a decision. This procedure resulted in
eliciting transitive inferences at considerably earlier ages
than Piaget had shown. Braine (1959, p.5) states that
'Piaget's diagnosis of a child's ability to perform the
inferences basic to measurement is based entirely on his
measuring behawvior.... It seems ... that a child's
measuring behavior may reflect his knowledge of measuring
technique as much as it does his ability to reason
logically about length.!

The monograph however has an 'importance far beyond 1its
immediate empirical contributions! (Flavell, 1963, p.388n).
Many of Piaget's tasks seem'to demand a higher level of
verbal comprehension by the child than the level of con-
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ceptual understanding they are designed to measure. The
child sometimes needs an understanding of certain words to
accomplish the task, which he may not have. Bralne argues
that Piaget may frequently underestimate the child's basic
intellectual capacities by using assessment techniques
which do not differentiate between these capacities and
associated verbal abilities, and which fail to ensure an
adequate motivation to perform.

Smedslund (1963) believed that Braine's study had a
number of weaknesses because he friled to eliminate impor-
tant variables of nontransitive hypotheses, which lead to
equivocal findings. Smedslund attempted to eliminate these
methodological weaknesses and concluded that his data
supports Plaget's original findings against Braine's.

Braine (196lL) argued against this criticism by pointing out
some of Smedslund's (1963) methodological weaknesses invol-
ving the Ss task requirements. Smedslund used the Muller-
Lyer 1llusion in his study and Braine argues that the study
'must be reinterpreted as a determinination of the approxim-
ate age at which children will, in a particular set of cir-
cumstances involving measurement, spontaneously interpret the
question "Which is longer?" as a question of real rather than
apparent length!' (RBraine, 196li, p.801). In Smedslund's (1965)
reply to these criticisms 1t was generally agreed by both
writers that the data obtained was ambigious and needed up-
dating. Some clarification of the development of transit-
ivity was needed as this is an important component in the
development of successful seriation behavior.

An attempt was made by Siegel (1972) to establish that
children as young as three years can manipulate the concept
of serlation when the verbal requirements of the task are
minimized. This study was a natural extension of her
previous study (Siegel, 1971), which also explored the con-
cepts of seriation, with a minimum amount of verbal instr-
uction being involved. In this study Siegel remarks that
the full understanding of ordinal position precedes a full
comprehension of seriation. 'The understanding of the
concept of addition develops later than the concepts of
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seriation and ordination' (Siegel, 1971, pP.357). Siegel's
(1972) study was defined as a study of 'the child's ability
to learn to choose a particular position, for example,
smallest, in a two, three, or four object series' (1972,
p.135). The results overall indicated that the end positions
of the series were significantly easier tp 1dentify than the
inner positions, She also claimed that children of three
years of age can learn a seriation task when the verbal
requirements of the task are minimized., When the children
were asked to identify the middle member of a set of three
or the next smallest of a set of four, there was a marked
increase in the failure rate., It should be pointed out that
Siegel used at the most four objects and Inhélder and
Piaget (196l.) report that at age four, l17% of the Ss were
capable of small uncoordinated series of up to three or four
in length. This would seem to indicate that in actual fact
Siegel's results confirm Inhelder and Piaget'!s findings and
that the main difficulty seemed to be in different concep-
tions of what was meant by seriation.

Gollin, Moody and Schadler (197) argued that Siegel's
(1972) tasks were relational learning tasks in that solution
of the problem required an understanding of the size relat-
ionships among the whole population of nine possible
members from which Siegel drew her sets of two, three and
four members., They set out to determine if young children
could learn to select reliably the appropriate cue provided
that they were asked to point to the smallest member of a
given set. They conclude: 'The solution of relational
size problems In the context of ordinal series was facilit-
ated when children were directed to locate a terminal
member (the smallest) of the series. In contrast, subjects
who were instructed to locate a non-terminal member without
prior designation of a terminal member were unable to
achieve solution of the problem! (Gollin, Moody & Schadler,
197, p.101).

This brief look at a specific series of controversies
in the length seriation literature indicates the large
number of confused variables and methodological errors that
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have lead to a large part of the disagreement. The method-
ological considerations which have been touched on here
include the use of non-verbal directions and an adeguate
motivation to perform. The concept of transitivity needs
to be seperated from seriation 1tself, and this is perhaps
best obtained by the variation of the size of the series.
The effect of the size of the series also needs to be
investigated as a factor on its own. Another area of inter-
est i1s the effect of using the location of a terminal member
as an aid to subsequent seriation. Sinha and Walkerdine
(1978) report some interesting results using different
approaches to Plagetian-type studies, particularly in the
areas of nonverbal directions and motivation, which they
feel are more in line with the child's approach to the
problem situation. A systematic study with these consid-
erations in mind needs to be designed and run to give some

clarity to this whole area.
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CHAPTER 6

EXPERIMENTAL STUDIES: WEIGHFT SERIATION

The studies outlined in the previous chapter have
considered seriation of length. O'Reilly and Steger (1970)
used weight seriation to investigate the child's ability
to perform judgements in context, in the presence of an
anchor. Their results demonstrate that the ability to
seriate along a stimulus dimension was linked to the
ability to utilize a frame of reference. This would be in
agreement with Gollin, Moody and Schadler's (1974) study
(cited earlier), where locating the end member of a series
could be considered as utilizing a frame of reference.
Smedslund's (1963a) suggestion that seriation facilitates
transitivity was supported by O'Reilly and Steger (1970)
since their anchor-type method demanded seriation.

However Smedslund (1963a) reported that in generasl none of
his Ss, aged 5 to 7 years, formed relative judgements of '
the weights he used. This was not the case in O'Reilly and
Steger's (1970) study for the Ss could not only order the
welghts but shifted their whole order of judgement when
given an anchor. Wadsworth (1971) reports that length
seriation occurs first, around age 7, and weight seriation
occurs later, at around age 9. This contention was
questioned by O'Reilly and Steger, who found that children

of age six and above could order the weights. My own
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experiments have certainly found children of age eight

capable of at least Level IIB behavior (see Chapter 7)»
that is, seriation,

Baylor's Studies

Baylor and Gascon (197l) outline an informetion
processing model of the behavior of children in weight
seriation tasks. They divided: the development into three
stages, with labelling different from that employed by
Piaget (see earlier section). In general Stage 1 refers to
Piaget's level IA(i), Stage 2 refers to level IA(ii), and
Stage 3 appears to refer to both level IB and level IIA.
I shall consider Baylor and Gascon's approach in some
detail, as it throws light on both the use of an information
processing approach to theory construction, and a detailed
understanding of the development of a child's seriation

behavior,

1. Stage 1

Stage 1 in the development of seristion behavior is -
referred to as the "juxtaposition of couples". Children at
this level typically weigh two blocks st a time and place
each ordered pair side by side in their final position. The
level is further divided into stages 1A and 1B. 1In stage 1A,
a child given an odd number of blocks will place the final
single block on the balance gnd weigh it by itself. 1In
stage 1B, the child anticipates the consequences of placing
the block on the balance but does not in fact do so. At
both levels, the result of the action is to place this
final block in the "most heavy" position in the series con-
structed.

The base strategy for this stage as outlined by Baylor
and Gascon (197) is presented in Figure 9. The base
strategy is outlined as a series of goals., The top goal is
of course SERIATE. There are two subgoals. The level 2
("lower") goal is WEIGH. This leads to the level 1 goal,
FINDHFAVYLIGHT and is satisfied when the child removes the
weights from the balance. The starred bracket, *[ ’
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indicates that this section of the base strategy 1s
repeated as many times as 1s necessary to complete the
SERIATE goal.

SERIATE
FINDHEAVYLIGHT

-WEIGH

-SATISFIED WEIGH
SATISFIED FINDHEAVYLIGHT
SATISFIED SERIATE

1+

Figure 9. Base strategy for Stage 1 weight-seriation
behavior. (Baylor and Gascon, 1974, p.8)

The production rules (see page 26) required to trans-
late this base strategy into actual behavior are presented
in Migure 10, The first two rules apply when the SERIATE
goal is active (P1 initiastes activity and P2 terminates it).
The next three rules apply when the FINDHEAVYLIGHFT goal is
active, P3 places a block on the balance when there 1is
none there, P!i moves a single block to the heavy end of the
series (occurs when the child weighs one block by itself),
and P5 moves the.heavy block followed by the light block,
when the two blocks have been weighed. The rules P6 and
P7 occur when the WEIGH goal is active. They both enable
blocks to be moved to the balance, either two blocks (P6),
or one block when only one remains (P7). _

These seven rules apply specifically for Stage 1A
behavior. The final two rules in Tigure 2 (P8 and P1') are
necessary when considering Stage 1B. P8 considers the
effect of an SERIATE goal when there is only one block left.
This enables the child to place the last block directly in
the heaviest position of the series without weighing it.
This rule results in rule P1 being changed to the form of
rule P1', Baylor and Gascon state that this set of
production rules t'simulates perfectly the details of an
actual ... protocol!' (197l, p.18). The model would there-
fore appear to be a valid one of the seriation behavior of
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a Stage 1 child. While it may model external behavior,
modelling of the S's understanding and more "internal"
levels of the information processing mechanism is not as
likely. Sce page 11 for a discussion of the different
levels of simulation.

P1 SERIATE
(PO > 0) = (SET-GOAL FINDHEAVYLIGHT)

P2 SERIATE
(PO = 0) & (SATISFIED SERIATE)

P3 FINDEEAVYLIGHT
(PB = 0) & (SET-GOAL WEIGH)

P, FINDHEAVYLIGHT
(PB = 1) » (MOVE PB HEAVY TO PF RIGHT)
(SATISFIED FINDHEAVYLIGHT)

PS TFINDHEAVYLIGHT
(PB = 2) 2 (MOVE PB BEAVY THEN PB LIGHT TO PF RIGHT)
(SATISFIED FINDHEAVYLIGHT)

P6 WEIGH
(PO > 1) = (MOVE PO RIGHT THEN PO RIGHT TO PB)
(SATISFIED WEIGH)

P7 WEIGH
(PO = 1) = (MOVE PO RIGHT TO PB)
(SATISFIED WEIGH)

P11 SERIATE
(PO Y 1) ® (SET-GOAL FINDHEAVYLIGHT)

P8 SERIATE
(PO = 1) = (MOVE PO TO PF RIGHT)
(SATISFIED SERIATE)

Figure 10. Production rules for Stage 1(A and B) weight
seriation behavior, (Baylor and Gascon, 197, p.1l)
(Note: PO - original position; PB - balance position;

PF = final position.)
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Baylor and Gascon's program was written in a special
computer language called BG (see Gascon and Baylor, 1973),
which was designed for this task. It gives a clear
indication of the steps taken to reach the final goal.,
However, as this language is not avalilable locally, I
rewrote the program, initially in FORTRAN and later in
PASCAL to enable it to be run locally. There was some loss
of clarity and elegance, but the actual simulation of the
behavior has been as effective as the original.
Chapter 7 outlines the procedure followed and the current
status of this work.

2, Stage 2
In Stage 2 the defining strategy 1s that called

"Juxtaposition of subseries"., Once again the stage can be
divided into parts A 2nd B, dependent on the length of the
subseries formed, Stage 2A children succeed on wost three-
block problems, whereas Stage 2B children are able to solve
at least fifty percent of four-block problems correctly.

SERIATE
[LOCATENEAVIESTSURSERIES
WEIGH
il [GETRIDOF
SATISFIED GETRIDOF
SATISFIED WEIGH
ISATISFIED LOCATEHEAVIESTSUBSERIES

FINDLIGHTHEAVY

-WEIGH

-SATISFIED WEIGH
SATISFIED FINDHEAVYLIGHT
SATISFIED SERIATE

it

Figure 11. Base strategy for Stage 2 welght-seriation
behavior. (Baylor and Gascon, 197, p.8)
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The base strategy for this stage is presented 1n Figure
11 and shows that the LOCATEHEAVIESTSUBSERIEES goal leads to
an additional goal, which is stated as GETRIDOF, This
involves rerioving the lighter block from the balance until
the heaviest of a subseries is found. This particular base
strategy leads to a juxtaposition of two subseries, either
partially or completely ordered, without any coordination
between the two. A checkling strategy FINDHEAVYLIGHT, a
return to Stage 1 behavior, 1s evoked and leads to a
juxtaposition of light-heavy couples in the final position.

The production rules for this stage are presented in
Figure 12. The first three rules apply when SERIATE is active
(P1 initiates the activity and P2 terminates it). 1In the
special situation where there are no blocks left in the orig-
inal position, but still one left in the final position need-
ing to be checked (PF NEXT), then the goal FINDLIGHTHEAVY is
initiated. Production rules Pl to P7 are evoked when the
active goal is LOCATEHEAVIESTSUBSERIES. From the model,
exactly which production is evoked depends on the number of
blocks in the balance (PB), the number in the position where
the current subseries is being formed (PF1), and whether there
is a heaviest block so far to be checked against any other
blocks (LASTHEAVIER). This is obvious at an experimental level.
A subject is going to approach a task differently depending
on the initial conditions. Production rules P8 and P9 apply
when the FINDLIGHTHEAVY goal is active and depend entirely
on whether there are welghts on the balance or not (PB).
If there is, P8 occurs, and if not the goal is set at WEIGH
(P9). Production rules P10 to P13 result in blocks being
weighed on the scale (the WEIGH goel is sctive). All four
of these rules achieve thelr goal and spply at different
stages of the process. P10 weighs two blocks from the final
position (PF) where there are none left in the original
position (PO); P11 takes one from PF and one from PO, when
only one remains in PO; P12 takes two blocks from PO when
there are no blocks on the scale, and P13 is evoked when
there is already one block on the scale. The final
production, P1u, is evoked when the GETRIDOF goal is evoked
(after PH).
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P1 SERIATE
(PO) 0) = (SET-GOAL LOCATEH-AVIESTSUBSERIES)

P2 SERIATE
(PO = 0)&(PF NEXT = NIL) 3 (SATISFIED SERIATE)

P3 SERIATE
(PO = 0)&(PF NEXT =T) 3 (SET-GOAL FINDLIGHTHEAVY)

Pli. LOCATEHEAVIESTSUBSERIES
(PB € 2) = (SET-GOAL WEIGY)

PS5 LOCATEHEAVIESTSUBSERIES
(PB = 2)&(PF1 = 0)=> (LET LASTHEAVIER = PB HEAVIER;
MOVE PB HEAVIER THEN PB LIGHTER TO PF1)

P6 LOCATEHEAVIESTSURBRSERIES
(PB = 2)&(PF1 > 0)&(LASTHEAVIER
GETRIDOF

]

T)  SET-GOAL

P7 LOCATEHEAVIESTSUBSERIES
(PB = 2)&(PF1 ) 0)&(LASTHEAVIER = NIL) 3 (LET

NEXT = PF RIGHT; MOVE PB LIGHTER THEN PB HEAVIER TO
PF1 LEFT; TRANSFORM PP1 TO PF; SATISFIED
LOCATEHEAVIESTSUBSERIES)

P8 FINDLIGHETHEAVY

(PB = 2)= (LET NEXT = PF LEFTOFHOLE; MOVE PB
HEAVIER THEN PB LIGHTER TO PF HOLE; SATISFIED
FINDLIGHTHEAVY)

P9 FINDLIGETHEAVY
(PB € 2) = (SET=-GOAL WEIGH)

‘P10 WEIGH
(PB = 0)&(PO = 0) = (MOVE PF WEXT AND PF LEVTOFHOLE
TO PB; SATISFIED WEIGH)

P11 WEIGH
(PB = 0)&(PO = 1) 2 (MOVE FO RIGHT AND PF1 RIGHT
TO PB; SATISFIED WEIGH)

P12 WEIGH
(PB = 0)&(P0O > 1) => (MOVE PO RIGHT AND PO RIGHT
TO PB; SATISFIED WEIGH)
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P13 WEIGH
(PB =1) = (MOVE PF1 LASTHEAVIER TO PB; LET
LASTHEAVIER = NIL; SATISFIED WEIGH)

P1l. GETRIDOF
(LASTHFAVIER = T) =» (MOVE PB LIGHTER TO PF1;
SATISFIED GETRIDOF)

Figure 12, Production r*ules for Stage 2 weight
seriation behavior. (Baylor and Gascon, 1974, p.20)

There are a larger number of variables in the Stage 2
behavior compared to the Stage 1 behavior. This is due to
the fact that part of the final position (PF) is used to
form a current subseries (PF1) which is then transformed
into PF when the subseries has been completed. LASTHEAVIER
refers to a memory which remembers whether the heaviest
block in a subseries has been weighed with all the poten-
tially heavier candidates. A hole is created in PF when
blocks are moved from there back to PB, and this explains
the HOLE-based instructions in Figure 12,

This particular production system outlines one
possible seriation approach. There are many others. Stage
2 to appear to be the hardest one to model due to this
great variety of approaches. This may relate to the fact
that the child's seriation behavior is in a state of
transition from the simple two-place behavior of Stage 1 to
the complete seriation behavior of Stage 3.

3. Stage 3

In Stage 3, the most common strategy 1is called
"Tocate Heaviest", and has the same structure as the
LOCATEHEAVIESTSUBSERIES presented in Figure 11, except that
it now refers to the whole series, and not simply an
isolated subseries. Other strategies are possibley such as
a less common "Insertion", and an idiosyncratic "Heavy-light
Sieve" (Baylor and Gascon, 197l), and further research may
reveal some others. Only the base strategies for the
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"Locate Heaviest" and the "Insertion" strategy are
presented here. The former is shown in Figure 13 and the
latter in Figure 1l.

SERIATE
TLCATEHEAVIEST
WEIGH
GETRIDOF
ATISFIED GETRIDOF
ATISFIED WEIGH
SATISFIED LCATEHEAVIEST
SATISFIED SERIATE

Figure 13. Base strategy for Stage 3 weight-seriation
behavior ("Locate Heaviest"). (Baylor and Gascon, 1974, p.8)

SERIATE
[INSERT
%{WEI GH

SATISFIED WEIGH
{i’U‘I‘BACK

ATISFIED PUTBACK
SATISFIED INSERT
SATISFIED SERIATE

Figure 1. Base strategy for Stage 3 weight-seriation
behavior ("Insertion"). (Baylor and Gascon, 197, p.8)

As the "Locate Heaviest" strategy is the most common,
only the production rules based on this particular base
strategy will be considered here. These are outlined in
Figure 15. An important addition is the intermediate
position (PI). While the S is looking for the heaviest
block, the lighter blocks are discarded into a new position,
PI. When the heaviest block has been found, this PI reverts
back to the original position (PO). The seriation starts
again 1f blocks still remain.
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P1  SERIATE
(PO > 1) = (SET-GOAL LCATEHEAVIEST)

P2 SERIATE
(PO = 1)&(PB

I

1) = (SET-GOAL LCATEHEAVIEST)

P3 SERIATE
(PO = 0)&(PT » 0) 2 (TRANSFORM PI TO PO)

Pl SERIATE
(PO = 0)&(PI = 0)&(PB = 1) = (NMOVE PB TO PF RIGHT;
SATISFIED SERIATE)

PS5 LCATEHEAVIEST
(PB £ 2) = (SET-GOAL WEIGH)

P6 LCATEHEAVIEST
(PB = 2)&(PO > 0) = (SET-GOAL GETRIDOF)

P7 LCATEHEAVIEST
(PB = 2)&(PO = 0) = (MOVE PB HEAVIER TO PF RIGHT;
SATISFIED LCATEHEAVIEST)

P8 WEIGH
(PB = 0) = (MOVE PO RIGHT THEN PO RIGHT TO PB;
SATISFIED WEIGH)

P9 WEIGH
(PB = 1) = (MOVE PO RIGHT TO PB; SATISFIED WEIGH)

P10 GETRIDOF
(MOVE PB LIGHTER TO PI; SATISFIED GETRIDOF)

Figure 15. Production rules for Stage 3 weight
seriation behavior. (Baylor and Gascon, 197, p.25)

The first four rules apply when the SERIATE goal 1s
active. If there 1s more than one block in PO, the
LCATEHEAVIEST goal is set (P1); if there is one block in
PO and one on the balance (PB), the LCATEHEAVIEST goal 1is
again set (P2); if there are no blocks left in PO but some
in PI, PI becomes PO {P3); and if no blocks remain in PO
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or PI, the SATISFIED SERIATE state 1s reached (Ph). The
next three rules occur when the LCATEHEAVIEST goal is
active. If there are less than two blocks on the balance,
the goal is set at WEIGH (P5); 1if the balance is full and
there are still weights in PO, the goal is set at GETRIDOF
(P6); and if the balance is full and no blocks remain in
PO, the LCATEHEAVIEST goal is satisfied (P7). Productions
P8 and P9 occur when the WEIGH goal is active, and depend
on whether there are no weights in PB (P8) or one weight
(P9). P10 occurs when the GETRIDOF goal is active.

i« Concluding remarks
The approach followed by Baylor and Gascon (197lL) has
been presented in some detail as it forms the basis for both

the experimental work and the computer program development
which is outlined in the following chapter. Although the
details of the production systems for each stage appear
fairly complex, the base strateglies from which they derive
are relatively simple. Baylor and Gascon (197l) believe
that a child will not carry in his head such a specific
representation as the production systems indicate. This
appears to contradict Newell and Simon's hypothesis (see
page 29). This may be due in part to the fact that the
computer requires a more specific representation of the
environment than does the child. This is a major problem
in the field and one that 1s receiving some attention

(see Bobrow and Collins, 1975). However, they do state
that 'a child is postulated to come into the experiment with
the components of a particular base strategy in his head.
In order to convert a base strategy into actual behavior, it
has been suggested that he has a complier (or interpreter)
available that enables him to construct a specific
production system that carries out the base strategy!
(Baylor & Gascon, 1974, pp.38 - 39). In spite of these
reservations, this production system approach has proved
successful at simulating the behavior of individual
children, as will be seen in the following pages.
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CHAPTER 7

A REPORT ON TEE PROGRESS OF TFE PRESENT STUDY

The practical thrust of this study has proceeded along
two main aspects. Firstly there has been the development of
a series of prograems, which could be run locelly, capable of
simulating the verious stages of the target behavior.
Secondly there has been the experimental work with children
to verify the findings of Baylor and Gascon. I shall con-
sider each of these aspects in turn in the following two
sections and in the third section discuss the relationship

of the two aspects.

1. Programming Aspect

The development of the simulation progrems which have
been an important component of this study was carried out on
a Burroughs B5700 computer using the high-level programming
language PASCAL, This language was chosen for a number of

reasons, It is a very powerful language having many features
which make it useful for this type of work; secondly, as it
is based on the principles of the increasingly important
"structured programming" approach, it will become more
widely used in the future; and lastly, its present use in
a post-graduate Artificial Intelligence course has ensured
its developnent at this installation.

The production systems of Baylor and Gascon (197L),
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which have been outlined in some detail in Chapter 6, were
used as the basis for the development of the programs.
Programs were developed for Stage 1A (Appendix I) and
Stage 1B (Appendix II). A program was also written to
simulate an alternative type of Stage 1 behavior, not
covered by Baylor and Gascon, to be discussed in the next
section, and this program is presented in Appendix III.

Stage 2 behavior was not simulated for the purposes of
this study because of its complexity. Furthermore, more
comprehensive studies of the type of behavior exhibited in
this level should be done before time is spent on attempting
to model it. Appendix IV gives a program for the simulation
of Stage 3 behavior based directly on Baylor and Gascon's
work. Appendix V gives an upgraded version of this program,
which contains some small refinements.

All the programs produced are divided into five sections.
Pirstly the declaration section, where the components of the
program are declared. Following this there is a collection
of basic "housekeeping" procedures relating to the manip-
ulation of a goalstack, data input, initialization, and
printing of data. Thirdly, procedures to move the weights
from one place to another during the simulation are
presented. Fourthly the production system is shown, giving
the initial conditions followed by the appropriate action.
Finally, there is the main program, which Initiates the
whole process and controls it through calling various
procedures, depending on the current goal.

Figure 16 shows a decision flow for Stage 1A behavior,
indicating the appropriate goals and initial conditions
which (according to the model) are sufficient to trigger off
the productions and subsiduary goals. This decision flow
reflects the control of the program contained in the
production system. Tigure 17 shows the comparable decision
flow for Stage 3.

Finally, it is worth noting the slight modificstion of
the Stage 3 behavior to make it more closely simulate the
seriation behavior. In Appendix IV (page 128), the pro-
cedure PBTOPI accomplishes the same result as Baylor and
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Gascon's program and results in an ordered placement of the
blocks from the balance pan to the intermediate position.
In Appendix V (page 1ljl}), the procedure PRTOFI has been
upgraded with the addition of a random number component,
giving a more realistic simulation of the behavior, A
few other minor changes are also necessary with the
addition of this component. TFor this reason it was
decided to present the whole program in full, even though
it 1s substantially identical to Appendix IV.

Prod. 6
NPO-ST |Action
(Pr. 6)

o Weigh |
BAL = 0 NPO = }

(Pr. 3) (Pri 1) peto—w
Find BAL = 1 |Prod. I action

Heavylight[¢ (Pr. L) ™]Action

NeQ > Q ?AL =5§
e Pr. <
(Pr. 1) Prod. 5
Action
VPO = 0O
(Pr. 2)
Satisfied
_Seriate

Figure 16, Decision flow of program
indicating initial goals and conditions
for the production system (Stage 1).
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frod. 8
Action
BAL = 0
& (Pr. 8)
Weigh| our = 1
(Pr. 9)
\“\M‘Prod. 9
BALK 2 Action

(Pr. 5)

ILcateheavieSt

7 : - Prod. 10
woy1 )  BL=2 _Aetriaetl T ods

(Pr. 1) NFPO = 1 NPO > 0O
(Pr. 2) (Pr. 6)
’// \\\‘ﬁPo &0

Seriate| (Pry7)
NP0 = O
(Pr. 3 & 1)
Prod. 3
/,/’Action

NPI > O

(Pr. 3)

NPI = O

(Pr. L)

Prod. l} Satisfied
Action Seriste

Figure 17. Decision flow of program
indicating initial goals and conditions
for the production system (Stage 3).

2. Experimental Aspsct

2,01 Sub jects
Twenty children, ranging in age from 6;4 to 9;5, were

presented with a weight seriation task to solve which was
similar to that used by Baylor and Gascon (197&). Protocols
of their performances were collected but only four of these
are presented in detail. The children were selected from
the P3 to S2 classes of a local primary school. As this
study was only interested in looking in detail at Stage 1

and Stage 3 performance, any results which were not of
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either type were rejected for the purposes of the study.
The children were tested until twenty showing either Stage
1 or Stage 3 behavior had been found.

2.(2) s Frocedure

Each child (8) was tested individually, seated
opposite the experimenter (E) at a table. A Stcricker
balance with two pans was used, one of which moved up and
the other down when weights were placed on the balance.
This helped to accentuate the difference between the two
weighs., The weights were virtually identical conteiners,
each with a letter written on the top and bottom sides, for
the purpose of identification. The letter names and actual
weights of each block were: S = 182.7g; Q = 181.8g;
M = 180.8¢g; B = 180.0g; A = 179.05; V = 178.1g; 0 = 177.2g.
Two different orders of presentation were used, These were
BASQONV and AQVBKOS. Figure 18 shows a plan of the
experimental setup, showlng the positions of the original
and final positions, and the balance, in relation to S and
E. A brief pretest wes given to determine if the child
could understand which was the heavier of two contalners

- Left | [Rignt| __ feot
S V] 1] Heavies
Z 0 M Balance i
E I OP% Original  Final  |&]
KT Position Position
3 ] [ %
2 |9 LY 0]
1 4] [B [7] Lightest

Figure 18. Diagram showing experimental set up,
viewed from top.
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prescnted.
The instructions given were rractically identical to
those given in Baylor and Gaescon (1974, p.3). These were:

See, I have lots and lots of yoghurt cartons
here. My cartons are all the same size but they do
not weigh the same. Out of all these blocks what I
want you to do is to find me the heaviest, then the
block that weighs a 1little bit less, then the block
that weighs still a 1ittle bit less, and so on until
the least, least, least heavy of all the blocks.

Now there is one rule in my gane: VYou can weigh
the blocks as often as you think it's necessary, but
you cannot put more than two blocks on the scale at
the same time because there are only two places.

Okay, do you understand what I want? I want
you to find which one of the blocks 1s the heaviest,
then the one that weighs & little bit less, and so on
until the least, least, lcast hesvy of all the blocks.
nd then when you are sure, put the heaviest block
here. Becasuse it's the heaviest, you don't have to
move it as fer. Then put the one that weighs a little
bit less here; and so on until the least, least, least
heavy block here. Do you understand? Can you repeat

back to me what I just asked you?

2.(3). Results

Of the twenty children tested, eleven were found to
have recognizable Stage 3 behavior of a type that is
consistent with the model being presented here. Thelir ages
ranged from 739 to 9;5. There were 6 boys and 5 girls.
The remaining nine exhibited what was recognized as Stage
1 behavior. Their ages ranged from b6;li to 7;11. There were
i, boys and 5 girls. It should be noted that these ages
cannot be considered as representing any information
concerning the age range of the various stages, as this was
not the purpose of the study.

Of the nine children studied exhibiting Stage 1 behavior
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only three showed the stage 1A bchavior described by
Baylor and Gascon (197.). Only one of these (Tor 6;8)
exhibited behavior which exactly matched the computer
simulation (see Tor's protocol on page 65). The other two
(Sharon 7;Li and Kevin 6;10) did not match exactly the
computer prediction (see Kevin's protocol on page 66),
This was due to differences in the manner of removing
blocks from the original position. These two children
did not do this in a systematic way. None of the children
studied exhibited the Stage 1B behavior described by
Baylor and Gascon (197L).

The remaining 6 children showed behavior that was not
found by Baylor and Gascon's study. This I have termed the
"Opposite placement of couples". The same weighing procedure
is carried out, in that the children take two blocks from
the original position and place them on the balance pans.
However, when the blocks are removed, the heaviest goes to
the heavy end and the lightest to the light end of the
final position series. In this way the series is built up
from both ends. With an odd number of blocks, the final
block goes into the center position. In Baylor and Gascon's
Stage 1 formulation, they state the last weight is thought
of as the heaviest 'perhaps because of the rapidity of
descent of the pan of the scale holding the solitary block!
(19?h3 P1T) s However, thelr subjects, and the children
studied here placed their last block with no consideration
given to this fact, either in the center or at the light
end. This behavior may indicate that the child is more
éffected by the perceptual Gestalt property of closure than
with the logico-mathematical properties of highest weight;
See Samuel's protocol on page 68 as an example of the
behavior exhibited by this alternative strategy. Only 3 of
the children studied exhibited behavior that exactly
matched the Stage 1 alternative program (Samuel T7;11,
Cherie 5311 and Julien 6;4). The other three (Maree 6;l,
David 7:;1 and Lisa 6;7) removed blocks reandomly from the

original position.
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Seven of the eleven children who exhlibited Stage 3
behavior used the "Locate heaviest" strategy. The
remaining four used idiosyncratic methods, Their protocols
were not followed up, as different simulation programs
would have needed to be devised. Of the seven children,
none were exactly modelled by the program, due to the fact
that the blocks removed from the balance pans and placed in
the intermediate position were placed in an unstructured
heap and not in any ordered wsy, as is done by the program.
Even with the modified Stage 3 program (see Appendix V)
there is no way that an exact copy can be guaranteed, due
to the influence of chance. All of the eleven children
from this stage removed the blocks from the original

position in a systematic manner.

3. Conclusions

3.(1) Stage 1

As mentioned in the previous section, a few children
at the Stage 14 level seriated the blocl's in the manner out-
lined by Baylor and Gascon (197)) which they titled
"Juxtaposition of couples". The computer program developed
to simulate this behavior is shown in Appendix I. The
print out for a typical run is also included here, and is
shown in a clearer form in Figure 19. Compare this with
the result obtained for Tor (6:;8), which is presented in
Figure 20, It cen be seen here that the program simulates
the child's behavior exactly and that they both end up
with identical final positions.

However, once again compare Figure 19 with the result
recorded for Kevin (6;10) which is shown in Figure 21. Tﬁe
simulation breaks down because of the child's removal of
the blocks from the original position, which in the model
is done in an orderly manner from right to left. Kevin
has taken his blocks from the original position in a
random manner. This would be a relatively simple
procedure to incorporate into the model, as it only
requires the addition of a degree of randomness into the

selection procedure, as has been done in the PBTOPI
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procedure for Stage 3 (see page 14l).

The other common approach found in this study, which
is not mentioned by Baylor and Gascon, is the "Opposite
placement of couples", A computer program was also
developed to simulete this behavior and 1s shown in
Appendix 3, eglong with a typicel print out. The print out
is also shown in a more immedistely readable form in
Figure 22. A typical result for & child's performance
(Sermuel (73;11)) 1is shown in Figure 23 and once again it
can be seen that the two protocols are identical. Other
children studied a'so took blocks from the original
position in a random msnner, in a similar way to that
described for Stage 1A. No detailed exariple has been given

Active Goal Production Original Balence Final

Position L R rosition
Seriate 01 11512736 - .
Findheavylight 03 1512736 ® L Seeeteumin
We. zh 06 L5127-- 6 3  eeeemea
Findheavylight 05 15127-- - - o mmmm
Seriate 01 1 6127-- - - FGmmnan
Findheavylight 03 i5127-~ - - |-
Weigh 06 L51---~ 7 2 Wi
Findheavylight 05 151 ---= - - 3627=--=
Seriate 01 % - - 3627-=-
Findheavylight 03 151--m= - - {2 g SO
Weigh 05 IEEEEEE 1 5 3627--- |
Findheavylight 05 -mmmm- - - 362715-
Seriate 01 | =mm e - - 362715-'
Findheavylight 03 T - - 362715~
Weigh 07 e L - 362715-
FPindheavylight O = =—-cecw-- - - 362718,
Seriate 02  eeeee-- - - 362718,

Figure 19. Simplified example of print out
for simulation of Stage 1A behavior (from Appendix I).
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of this random removal for the alternative Stage 1
strategy. The final weight is placed in the center of
of the final position array. As mentioned earlier, this
may be more a property of Gestalt closure, as a gap is
usually left in the middle as the blocks are placed in
their finsl position,

3.(2). Stage 3
The Slage 3 strategy considered in detall is the

"Locate heaviest" strategy described earlier (see pages
52 to 55). The program developed to simulate this behavior
is presented in Appendix IV, together with a typical

printout. The printout is also presented in Figure 2&,

‘ Active Goal Production Original Balance Final
Position L R Position
Seriate 01 BASQONV - - emmem——-
Findheavylight 03 BASQOV - - e
" Weigh 06 BASQO-- VM mmmmm--
Findheavylight 05 BASQ0-- - - MV--===
Seriste 01 BASQO=-~- - - MVem=n-
Findheavylight 03 BASCO=-~ - - MVe———-
Weight - 06 BAS ==-- 0 Q MV=-=-==
Pindheavylight 05 BAS=--- - - MVQO=-~-~
Seriate 01 BAS ~=«= - - MVQC=-~-~
Findheavylight 03 BAS--~=~ - - MVQO~--~-
Weigh 06 B-=m=== S A MVQ0=---
Findheavylight 05 Be==e=- - - MVQOSA -
Seriate 01 B--==== - - NVQOSA -
Findheavylight 03 S - - MVQOSA -
teigh o7 0 @ mmmemee- B - 1TVQOSA -
Findheavylight Ol ——————— - - MVQOSAB™
ceriate @ 02 2020 sessses - - MVQOSAB
Geriate 02 (36%715&)

Figure 20. Protocol for Tor (6;8) on
a weight scriation task.
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on pages 69 to 71. Warwick (8;l.) pgives a very clear
indication of this strategy. Iils protocol is presented
in Figure 25, on pages 72 to Tu.

The discrepancies between the model and Warwick's
observed behavior result from the random way in which the
subject assigns blocks to PI after weighing them, compared
to the systematic method used by the program. As described
earlier (see pages 57 to 58) a modification was developed
to deal with this, and this is found in Appendix V.

It is also worth noting here a point which shows the
limitations of this stage of seristion behavior, which
~intiially appears very elegant and logical. On one

Active Goal Production Original Balgnce I'inal
Fosition L R Position
Seriate 01 BASQONV - - mmemee-
Findheavylight 03 BASQONV - C I e
Weigh 06 BA-QO-V N S
Fincheavylight 05 BA-G0-V - - SNmmr==
Seriate 01 BA-QO-V - - SH-==~=
Findheavylight 03 BA-QO0-V - - SM-=-===
Weigh 06 -A--0-V Q B SN====-
Findheavylight 05 ~A--0-V - - SNQB---
Seriate 01 =A==0~Y - - SHQB--=-
Findheavylight 03 -A=-=0-V - - SMEB--~-
Weigh 06 ~Amm—m— v o0 SNQB=-=
Findheavylight 05 —A=m——- - - SMQBVO-
Seriaste 01 “A===== - - SHQBVO~-
Findheavylight 03 o Gl - - SMQBVO-
Vieigh o7 meeeee- A - SMQBVO=-
Findheavylight 0O = --ce--- - - SMQBVOA
Seriate 02  meme—e- - - SMQBVOA
(1324675)

Figure 21. Protocol for Kevin (6;10)
on a weight seriation task.
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occasion (when A was placed on the balance and remained
there until B, the final weight in the current original
position series, was weighed) the last welght placed on
the balance was the heaviest, indicating that the weight
that had been on the balance up to that point had been the
heaviest, and would now become the next-to- heaviest.
However the subject did not realize this, and proceeded
to weigh all the welights again.

From the preceding discussion, it can be seen that the
programs developed simulate most areas of beh-vior perfectly,
but there are still some discrepancies between the model

and the obzerved behavior. The occurence of these

‘Active Goal Production Original Belance Final
Position L R Position
Seriate 01 5127356 - B Rt
Findheavylight 03 1512736 = =  sesssae
Weigh 06 15127-- . SR ———
Findheavylight O0F IE127-- - =  [re—— 6
Z2eriate 01 |5127-- - ~ e 6
Findheavylight 03 y5127-- - - 3mmm—- 6
Welgh 06 h51 ===~ 7 2  3----- 6
Findheavylight 05 51---- - - 32---76
Seriate 01 |51 --~~ - - 32--=76
Pindheavylight 03 151 =—m-= - - 32---76
Weigh 06 =memm- 1 5 32---76
Findheavylight 05 e - = 321-576
Seriate 01 l----== = - 321-576
Pindheavylight 03 y---==- - - 321-576
Weigh 07  memeeee- L - 321-576
Findheavylight O} = ==----- - - 3211576
Seriate 02 2 e - - 3214576
Figure 22, Simplified example of print out for simuletion;

of Stage 1 Alternetive behavior (from Appendix III).
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discrepencles has been put down to chence, and approp-
riately deslt with. Yowever further research may show
that this apparently "random" behavior is under the
control of some particular previously uncnnsidered
parameter, and future programs may be able to incorporate
this fact, and so move the program one step further to an

accurate sinulation of the external behsvior.

Active Goal Froduction Original Balance Final

Fosition L R Position
Seriate 01 BASQOV - - mremme--
Findheavylight 03 BASQONV - - esecseme-
Weigh 06 BASQO-- V M =eeeee-
Findheavylight 05 BASQO~-~ - - Mo Vv
Scriate 01 BASQO-~- - - M==——- v
Findheavylight 03 BASQO~-~- - - Me=ee- v
Weigh 06 BAS---- 0 Q M=o-=-- v
Findheavylight 05 BAS ===~ - - MQ=---0V
Seriate 01 BAS -=-~ - - NQ===0V
Findheavylight 03 BAS ===~ - - MQ===0V
Weigh 06 B--mme= S A NQ---0V
Findheavylight 05 Be====-- - - MQS-A0V
Seriate 01 Bewscww - - QS -A0V
Findheavylight 03 Be====- - - MQS-AOV
Weigh 07 00 meeeee- B - MQS -AOV
Findheavylight O} = =—=--w-- - - 1QSBAOV:
Seriate 2 = mremee-

G il

Figure 23. Protocol for Sarmel (7;11)
on & weight seriation task.
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Active Goal Prod Original Bsaslance Intermediate “inal
Fosition L R Position Position

Seriate 01 5260371 - mi SRR e
Lcateheaviest 05 5261371 e
Welgh 08  526L3-- 1 7 memmmmemm e
Leateheaviest 06 526l 3-- T
Getridof 10 526!13-- 1 - S —
Lecateheaviest 05  526l13-- 1 - S
Welgh 09 526l --- 1 3 Tommemm mmm—eea
Lecateheaviest 06 526l --- 1 3 - PSS —
Getridof 10 526l - =~ 1 & 73=====  ==cee=a
Lesteheaviest 05 G526l --- 1 & 73====e  emmemee-
Welgh 09 52H---- 1L 73-====  emcece-
Lecateheaviest 06 526---- 1 I & T ——
Getridof 10 526---- 1 - 73peese mesevee
Lcateheaviest 05  526---- 1 = | R v
Velgh 09 52----- 1 6 )
Leateheaviest 06  52----- 16 ) TR ——
Getridof 10 E2===w- 1 - 73 6--= emmeeea
Leateaviest 05  52----- 1 - 736--= = meeeea-
Weigh 09  Serewmss 12 73h6--- = emmeea-
Lcateheaviest 06  G------ 12 THifiem= e
Getridof 10 Brermeem 1 = 73462--  eeceee-
Leatehizaviest 05 Cmmmmm e 1 - 73462-= = cmece--
Weigh 09  —mm---- 1 5 7362--  mmmeea-
Leateheaviest 07 ====-=- - 5 73L62-- 1=ammm=
Seriate 03  73462-- B ST ——— , (T
Seriate 01 7352-- - 5 eemeee- {=nwews
Lcateheaviest 05  73L62-- = 5 esasesa i s
Welgh 09 T~ B 5 meee—ee (EEEEEE
Lcateheaviest 06 73l6--- > S - T— lmmmmmm
Getridof 10 734b--- 2 - Be---e- e
Lcateheaviest 05 73h6--- ) = Cowessn  F——
Weigh 09 734=--- 2 6  Gommm-- Tp—
Lecateheaviest 06 73l ---- 2 6 L. .
Getridof 10  734---- 2 - 5h=eneua s
Leceteheaviest 05 73l ---- 2 - (- e Vswmmme
Weligh 09 73====s= 2 Eb-=--- lommmm=
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Active Goal Proéd Original Balance Intermediate Final
Pogition L R Position Position
Lecateheaviest 06 73----- 2 [ —  [—
Getridof 10 73=----- 2 - ol =mm- Nimmwame
Lcateheaviest 05  73-=-=-- 2 - 56l -=~-- Yo iz
Weligh 09 7------ - T - — ommmeme
Lcateheaviest 06  7-===== e 3 {e) I lommmmm
Getridof 10 Tomm——- 2 - 56&3--- o massmm
Lecateheaviest 05 Tmmm——— 2 - b3 -=- § s
Weigh 09  ~=--e=- 2 7 cEl3-m-- Ao
Lecateheaviest 07  —-===--- - 7 56l 3--- x [
Seriate 03  56lj3--- R S . -
Seriate 01 5ol 3--- - 7 memmee- 12-m=m-
Lecateheaviest 05 56l 3~--- - 7 memmm——- 12=em==
Weigh 69 Shlpouss  J §  sssess P
Lecateheaviest 06 B6li---- 3 7 meeeee- . o T—
Getridof 10 ShHlp---- 3 - y J— , T —
Leateheaviest 05 B6l---- 3 - 7 O - P
Welgh 09 S6----- 3 L T==mm=- 12-==mm
Lecateheaviest 06 Chmmmmm 3 L [=mm——- 12==m=m
Getridof 10  Eb----- 3 - g I — L
Leateheaviest 05 Eb----- 3 - Y - s miii
Welgh 0§ Blssess 3 & ffeeess -
Lecatehaeviest 06  G------ 3 6 ) [E— 1 ——
Getridof 10 Se=e--- 3 - hb=---= | L ——
Lecateheaviest 05  G------ 3 - y T - S b
Weigh 09 ====-=- 3 5 Th6=-~- 12~====
Leateheaviest 07 —-=----- - 5 Nb---- 123=--=~
Seriate 03  7hb---- - B seemme- g T
Seriate 01 7hb---- - S ——— |
Lecateheaviest 05  7lib---- - 5 e 123-=--
Weigh 09  7h----- 5 5 e---e-- 123----
Leateheaviest 06 7 ———-- 65 5 eeeeee- 123-=-=
Getridof 10 7lh----- - 5 < ——— [ Tp—
Lecateheaviest 05  7li----- - 5 foemmma 123===-
Weigh 09 T==---- L 5 foemmmm 123==--
Leateheaviest 06 7------ I B  Geseess 123====
Getridof 10 Fememew L = 65~---- [ T—
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Active Goal Prod Original Balance Intermediate Final

Position L R Position Position
Lcateheaviest 0F T-=-===- Iy - 65----- 123-=-~
Weigh 09 —==--=-- L 7 b5--=--= 123-=~-
Lecateheaviest 07 =--=---= - 7 65----- 123l --~
Seriate 03 65-=-=-= - 7 mmeeee- 123~~~
Seriate 01  b5-=-==- - 7 memee-- 123l -=-
Leateheavicst 05 Cmmmm- - 7 memeee- 123 ---
Weigh 09 b=-m--- A A 123l - ==
Leateheaviest 06 H----m- S 7 meeeee- 123 ---
Getridof 10 b==-m== 5 - Tmmmm—- 123l -~
Leateheaviest 05 H------ 5 - Tmmmm=- 123~~~
Weigh 09  —==mm=- 5 6 Te===== 123~~~
Leateheaviest 07  ----=-- - 06 T=m==-- 12345--
Seriate 03 T====== - 6 eeeeee- 123h5--
Seriate 02  7-----= Tt 123l -~
Lecateheaviest 05 7------ - 6 eeeeee- 123, 5--
Weigh 09  ==----- 7 6 meeeee- 123 5--
Leateheaviest 07 2 -=----= i s 123L.56-
Seriate Of =---me- - = mmmeee- 123,567

Figure 2. Simplified example of rrint out
for simulstion of Stasge 3 behavior (from Appendix IV).
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Active Goal Prod Original Balance Intermediate Final
Position L R Position Position
Seriate 01 AQVBNOS - m emeween eseeees
Lcateheaviest 05  AQVBMNOS - B eeeseE e
Weigh 08 AQVBM-- B B esoemmeem oeeweseoseon
Lecateheaviest 06 AQVBM-- B 0 mweemesm e
Getridof 10 AQVBN-- S - Denmema  ieassene
Leateheaviest 05  AQVBM-- S - Druscmas  cowemes
Weigh 09 AQVB--- S M O==mm== mmm——— -
Lecateheaviest 06  AQVB--- S 1 G covesere
Getridof 10 AQVB=== S - O=--M~==  eme———-
Leateheaviest 05 AQVB--- s - O-=lf=== = =—=====
Weigh 09 AQV---- S B Balfocs @ eweewes
Lcateheaviest 06  AQV---- S B Pedfses sweceawe
Getridof 10 AQV---- S - O0=Bli=== eeme————
Lecateheaviest 05 AQV-=-=-= S - 0-BM=== = ==cee--
Vieigh 09 AQ-=--- S v O-Blf=== cccce-=
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Seriate 03 0Q BNV =~ - A eeseaae T
Serisate 01 OQRBMY -~ - K e |
Lecateheaviest 05  O0QBMV-- - A eemeeaa B
Vieigh 09  O0QBM=-- V A —mmm-- - B =memnn
Lcateheaviest 06 OQBM--- V A  —mmm—-- - .
Getridof 10  OQBM--- - A V- - —
Lecateheaviest 05 0QBl=-=- - A o e Rmrminion
Weligh 09 0QB---- M A ———--- S--mmm-
Lcateheaviest 06 OQB---- M A —==Ve== R
Getridof 10 CQB---=- Mo - ~A=V=== . O
Lecateheaviest 05 OQB==== M - T 5 . o € e
Weigh 09 0Q--=-=-- M B -A-V-== Semmm——
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Active Goal Prod Oricinal Balance Intermediate Final
PYosition L R Position Position
Leeteheaviest 06 0Q----- M B ~A=V=--- R
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Getridof 10 O====== - Q -ABV--M Bem————
Leeteheaviest 05 QO====-- - Q -ABV--M Se-mem-
Weigh 09 ---=--- 0 Q -ABV=-=-M Semmemm
Lecateheaviest 07 @ ===w==- 0 - ~ABV~--N SQ=====-
Seriate 03 ABVN--- 6] - eeemeeaa SQe===-=
Seriate 01 ABVl === 0 - e SQ=====
Lcateheaviest 05  ABVM=--=- 0 - meeme——- SQ----=
Vieigh 09 ABV---- 0 M  =—m-=-- SQ-----
Leateheaviest 06  ABV---- 0 M  ===-==- 8Q=com=
Getridof 10 ABV-~--- - I —===—- 0 SQu=---
Lecateheaviest 05  ABV-=--- - f =~ eme———— 0 SQ-====
Welgh 09  AB----- V N e-—--- 0 SQ----=
Lcateheaviest 06 AB----- VoM eeeee- 0 SQ-----
Getridof 10  AB-=--- - M mee-- VO SQ----~
Lcateheaviest 05  AB----- - M eee-- Vo SQ-=-==
Weigh 09 A--==-- B M m---- VO SQ--===
Leateheaviest 06  A------ B M @ ----- Vo SQ---=-=-
Getridof 10 A-=-=-- - I --==BVO SQ==-==-
Lecateheaviest 05 A==-=== - M --==BVO SQ=----=
Wieigh 09 =eme=-- A M ---=BVO SQ=====
Lcateheaviest 07  ======= A - -=-==BVO0 SQM=--=--
Seriate 03 BVO-=--- A I o SQM=--=--
Seriate 01 BVO==== A - e SQM==~=-
Lcateheaviest 05 BVO=-=~~ A - mmmm—— SQM====
Weigh 09 BV---=- A 0  —--e-e- SQM-=--
Leateheaviest 06 BV----- A 0  =------- SQM----
Getridof 10 BV====- A - ——=Q==- SQM====
Lcateheaviest 05 BVw= - A - Q- SQM====
Welgh 09 B=-==-- A s s VLl SQM===-
Lecateheaviest 05 B--=---- AV ---0--= SQM==---
Getridof 10 Be====- A - -=V0===- SQM==-=-=-
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Active Goal Prod Original Balance Intermediate Final
Position L R Fosition Position
Lecateheaviest 05  Bemw==- A - -=V0===- SQM====
Weigh 09 —=--=w=- A B -=V0=== SQM====-
Lcateheaviest 07 @ =====w==- A - -=V0=== SQMB-=~--
Seriate 03 VO-=m== A - emme—e—- SQlNB=~=
Seriate 01 VOr==m- A - eesme—- SQMB===-
Lcateheaviest 05 VO===== A - meeme—- SQNB===
Welgh 09 Vommm—- A 0 ==e-e-- SQMB==~
Lecateheaviest 06 Ve===-- N o B SQMB=~~
Getridof 10 Vemmme- A - Oemmew- SQMB=~~-
Leateheaviest 05  Ve===-- A - Oemmme=- SQlB--~
Weigh 09 ===eee- A v O=mmmm= SQNB==-=
LeatehBaviest 07 @ =-==-=== - vV O==-==- SQNBA=-~-
Seriate 03 Ommm——- - V  eeme——- SQMBA -~
Seriate 02 O=~m==- - V  eeme--- SQMBA=~~-
Leateheaviest 05 Om=mm== - V  memme—- SQMBA -~
Weigh 09 ~emee-- 0 V esmcee- SQMBA--
Lecateheaviest 07 2 —====-- 0 - mmme——— SQMBAV-
Seriate Ol  ===m=-- - - mm————— SQMBAVO
(1234567)

Figure 25. Protocol for Warwick (8;l)) on

a welght seriation task,



PART III

GENERAL MODELS OF DEVELOPMENT
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CHAPTER 8

PIAGET'S TRANSITIOR MECHANISM: EQUILIBRATION:

The most fundamental stage-independent concept in
Piaget's theory is that of the equilibration model. This
comprises a basic general theoretical construction which can
be imposed on the whole of the developmental sequence
outlined. It can be considered as a 'global conception of
what the whole develoﬁmental process and its successive
structural products are about' (Flavell, 1963, p.238). The
model is proposed as an attempt by Piaget to cope with the
problem of & mechanism, or system of rules, to explain the
transition from one stage to the next. Phillips (1969)
considers Plaget's conception of equilibration as the
inspiration for the theory in the first place, and which now
remains as its overarching principle,

The model of trensition used by Plaget was torrowed
from cybernetics, which is probably 'the most influential of
all disciplines in affecting interdisciplinary currents!
(Gallagher, 1977, p.28). Piaget often cites Ashby's (1956)
account of cybernetics which was written for workers in the
biological sciences. Plaget describes the discipline as an
'explanation of how one mechanism can direct others, or
itself, by means of transmissions and the retroactive or
anticipatory effects of information given '(Piaget, 1971,
p.51). Piaget has in a number of articles, considered the
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relationship of cybernetics to his general theoretical
position.(Piaget, 1942; Piaget, 1953).

1. Cybernetics
Before looking more specifically at Plaget's model of
equilibration, I shall discuss in a general way what various

authors have considered cybernetics to entail, before tying

the concepts more closely to Piaget's work,

The computer simulation of behavior, which has been
the main emphasis of Part II of this thesis, has to a large
extent emerged as part of the broader context of the
discipline of cybernetic. Wiener (1948) introduced the
word to refer to a new.inter-disciplinary subject that he
felt was emerging and which took as its subject matter,
control and communication systems of all kinds. Wiener's
book wes eclectic and contained discussions of normal and
abnormal physiologicel processes, as well as information,
communication and feedback per se. Wiener's definition of
cybernetics was 'the study of control and cemmunication in
the animal and the machine.' 1In practice the field to
which this refers is so wide (incorporating parts of
engineering, mathematics, logic, computer science, linguist-
ies, biology, physiology, medicine, anthropology, psychology,
sociology and economics, among other subjects) that it 1s
not surprising that there have been differences of emphasis
and subsequently disagreement as to what the term refers.
Apter (1970) suggests that the field of cybernetics 'is
perhaps the same as that to which the term "systems research”
is beginning to be applied' (1970, p.31). He further
suggests that 'cybernetics i1s 1n a sense more an attitude
than a strict subject-matter: an attitude characterised by
a passion for precicion and a contempt for ideas that canxnot
be expressed in effective form, a desire to search for
common organizational features in purposeful systems super-
ficially unlike one another, a feeling that organlsms are
essentially constructible .... This attitude has in turn
stimuleted the emergence of a host of sophisticated concepts
and practical techniques' (Apter, 1970, p.i5 - L6).
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Glushkov outlines a different outlook on the subject when
he states: 'Cybernetics can in general, be divided into
two large fields which form the basis of the discipline.
These are one containing the general theory of information
processing, and the other the theory and structure of
information processors' (Glushkov, 1955, p.v).

The very foundation of the discipline of cybernetics
Is based upon a systems approach. It is primarily concerned
with information flows 1n complex systems. 'Athough
cybernetics has been applied primarily to mechaenistic
engineering problems, its model of feedback, control and
regulstion has a great deal of applicabllity for biological
and social systems as well!' (Kast & Rosenweig, 1972, p.17).
It can be thought of as an attempt to understand organisms
through making analogies to machines. Pask (1961, p.11)
gives the theme of cybernetics as thow systems regulate
themselves, reproduce themselves, evolve and learn,'
Cybernetics is theoretical in the sense that it has
treditionally emphasized the understanding of a given
process for its own sake, rather than for any practical
applications that may emerge. Guilbaud (1959, p.6) makes
an interesting comparison: 'The position of cybernetics 1s
rather analogous to that of statistics, which finds uses 1n
extremely diverse fields ... and derlives its name from one
specialized application - the study of human societies or
stetes - with which it never lost contact, despite its rise
to independencs.!

George (1565, p.2) considers cybernetics as 'a search
for precision,' This can be achieved by either mathematical,
information processing, verbal, or even hardware models. He
also emphasises an important aspect of cybernetics as the
concept of negative feedback. Cybernetics is as yet a young
discipline, and, like applied mathematics, cuts across the
entrenched specializations of the sciences. How far the
implications of this new approach will effect advances in
science, and psychology in particular, remeins to be seen.
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2. Eguilibrstion
Piaget believes that the three factors of maturation,

experience, and social interaction do not suffice to
explain cognitive development. Illental behaviors are
observed that suggest the child contributes an organizat-
lonal, or regulating quality, to development. Equilibration
means that there is a requirement for t*ese three concepts
to be in balance. The organism comes to each situstion
with its own cognitive structures, which may be as diverse
as the infant's reflex ection patterns or the adult's
accomodated structures., The discrepancy between the new
objects or experiences and established structures sets up
an imbalance, termed disequilibrium., Piaget maintains that
growth of knowledge is due to the conflict between structures
and events, the imbalance between what the individual knows
and new experiences. If the new expcriences are neither
too novel nor too familiar, they may be assimilated and may
influence or change those existent structures. In this
case we may sey that the structures have accomodated to the
new information. This conflict creates the transiticn from
one stage to another. The process by which structures
change from one state to another is called equilibration,
and the result of that process is a state of equilibrium.
What these first three factors have in common is that the
individual is passive. Something is done to him; his
physiological system matures, or he i1s presented with
physical or linguistic material to absorb. But intellectual
development 18 not this passive and Piaget finds it
necessary to call upon the factor of the individual's own
activity. 'An individual learns to see the world as
coherent, as structured, to the extent that he acts upon
the world, transforms it, and succeeds in coordinating these
actions and transformations!' (Duckworth, 196l, p.172).
Piaget maintains that achieving a near equilibrium in
a constantly changing situation is the goal of all human
functions: biological, affective, and above all, cognitive.
He defines equilibrium 2s a state in which 'all the virtual
transformations compatible with the relationships of the
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system compensate each other' (Piaget, 1957, p.l1).
Life itself is in a field of constant motion and 'intell-
ectual operations proceed in terms of structures-of-the-
whole., These structures denote the kinds of equilibrium
towards which evolution in its entirety is striving at
once organic, psychological and social, their roots reach
down as far as biological morphogenesis itself' (Pieget,
1952a, p.256). Any state of equilibrium is entirely
theoretical, and at least, only momentarily attainable.
Piaget thinks that psychology should use the laws of
equilibrium, which are primarily descriptions of the
processes of change governing the states of equilibrium,
Piaget furth-r proposes that organisms tend toward
equilibrium with the enviroment. The organism - whether a
human being or some other form of 1life - tends to organize
structure into coherent and stable patterns. His ways of
dealing with the world tend towards a certain balance. He
tries to develop structures which are effective in his
interection with reality. As Maier states (1965, p.90):
'Life is a vrogressive series of attempts to balance forms;
each attempt rests upon previous acquisitions; and each -
with increasing complexlity - creates new forms which furnish
in turn the foundations for later balance.!

Equilibration may also be conceptualized as the
regulator of the relationship between assimilation and
accomodation. It can be thought of as a mode or style of
regulation. A given event may be assimilated or accomod-
ated differently by different persons. Structures con-
tinually move toward a state of equilibrium, and when a
state of relative equilibrium has been attained, the
structure is sherper, more closely delineated, than it had
been previously. But that very sharpness points up
inconsistencies and gaps in the structure that had never
been salient before. Each equilibrium state therefore
carries with it the seeds of its own destruction, for the
child's activitics are thenceforth directed towards
reducing those inconsistencies and closing those gaps.

Piaget (1977a) distinguishes three kinds of equilibrium.
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Firstly there is the relationship between assimilation and
accomodation., 'There is an equilibrium between the
structures of the subject and the object; its structures
accomodate to the new object being presented and the objecf
is assimilated into the structures' (Pisget, 1977a, p.11).
This 1s the fundamental form of equilibration. Secondly,
there i1s an equilibrium among the subsystems of the St's
schemes., Schemes are coordinated into subsystems, partial
systems 1In relation to the total system of the S's knowledge.
Systems can evolve at different rates, and as they evolve,
there 1s a need for coordination of the two, or 'an
equilibration of subsystems' (Plaget, 1977a, o 4008 by ) 0
Thirdly, there has to be an equilibrium established between
the parts of the S's knowledge and the totality of this
knowledge. 'There is a constant differentiation of the
totality of knowledge into the parts and an integration of
the parts back into the whole. This equilibrium between
differentiation and integration plays a fundamental
biological role!' (Piaget, 1977a, p.11).

Piaget gives two reasons for postulating this fourth
factor of equilibration. The first relates to a need for
coordination among the three other factors that have been
mentioned. Secondly, 'in the act of knowing, the subject is
active, and consequently, faced with an external disturbance,
he will react in order to compensete and consequently he
will tend towards equilibrium. Equilibrium, defined by
active compensation, leads to reversibility. Operational
reversibility is a model of an equilibrated system where a
transformation in one direction is compensated by a
transformation in the other direction' (Pia~et, 196l,
p.181). This has been restated more recently as 'in the
construction of any operational or preoperational structure,
a subject goes through much trial and error and many
regulations that in a large part involve self-regulations.
Self-regulations are the very nature of equillibration!
(Piaget, 1977a, p.10).

To conclude, Piaget defines equilibration as 'the search
for a better and better equilibrium in the sense of an
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extended field, in the sense of an lncrease in the number
of possible compositions, and in the sense of a growth in
coherence'! (Fiaget, 1977a, p.12). We can see that even
though it has not been possible to define the process of
equilibration precisely, it is possible to get an overall’
general view of what Plaget considers a fairly basic process

in cognitive development,

3. The Relationship between Cybernetics and Equilibration
Living systems are open systems in the cybernetic sense

because they exchange information with their environment.
I however the system accumulates information without
subsequent organization, it will cease to exist an an
independent system. The question is: How is it possible
to have both stability and change?

The answer to this system lies in considering the
system of equilibretion as g series of feedback loops of
increasing complexity between the living system and its
environment. The essentisl aspect of such a process is
progressive closure, which permits simultaneous extension
of the environment. Such & system is only possible when
the cognitive mechanisms function as specialized regulatory
organs which control exchanges with the environment (Piaget,
1971, p.354).

The stability of this system is maintained by the
achlevement of equilibrium, which implies a conservation of
the system. Operations are self-regulatory mechanisms and
are therefore perfect regulators of the whole system.
Piaget's equilibration system incorporates Von Bertalanffy's
(1960) concept of equilibrium as a stable state in an open
system. This equilibrium is characterized by both a
stability and a mobility. (See the discussion between
Von Eertelanffy snd Piaget in Tanner and Inhelder (1960).)

Cognitive functions are specialized factors of self-
regulation which control the exchanges underlying the entire
system of behavior. Skinner's (1971) suggestion that
mediating states of mind can be neglected betrays a lack of
understanding of modern biology, which emphasises the role
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of self-regulation. Plaget states: 'The notion of
opereation ... involves self-regulatory mechanisms. They
are = in Ashby's sense, in his cybernetic terminology =~ the
perfect repgulations in that the outcome is anticipated
before the act 1s actually carried out. The feedback, which
at lower levels has incomplete reversibility, now becomes a
feedback with perfect reversibility in the sense of
inversion or reciprocity' (1977a, p.12). These self-
regulatory mechanisms are 'important throughout every level
of biological development' (FPiaget, 1977a, P.9).

To understand equilibration finally, it is necessary
to concéive of 1t as a process, leading to greater and
greater probability that equilibrium will be reached. That
this equilibrium will be reached is in the end assured by
logical necessity. Furth outlines what is meant by this

logical necessity:

Piaget related equilibrstion to implication as
an intrinsic form of causality within a total organiz-
ation and to the lawfulness pecullar to dynamic systems
as they are studied in cybernetics. Plaget likes to
draw a parallel between the probability laws of
equilibration and the transition from unpredictable to
less predictable and ultimately logically necessary
responses of strict implication. In this light the
development of intelligence appears to an observer as
a coordinated sequence of behavior such that a present
stage is most 1likely, considering the immediately
previous one, even though the intrinsic probability of
its occurence, considered from levels far removed,
appears only smell, For Piaget, the concept of
equilibration mekes comprehensible why, in retrospect,
alternatives or degrees of freedom for further
evolution or development are progressively reduced
with succeeding stages. (1969, p.207 - 208)

Piaget's theory of progressive stages of development
is based on this notion of logical necessity. 'The transit-

ion from one stage to another is therefore an equilibration
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in the most classical sense of the word. But since these
displacements of the system are activities of the subject,
and since each of these activites consist of correcting the
one immedletely preceding it, equilibration becomes a
sequence of self-regulations whose retroactive processes
finally result in operational reversibility. The latter
then goes beyond simple probability to attain logical
necessity' (Piaget, 1970, p. 725). The structures or
systems of operations of the stages become necessary even
though they are not so in the beginning. The seed to
initiate and sustain this development is the process_of

equilibration,



PART IV

CONCLUSION
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CONCLUSICNS

I have tried in this paper to consider Plaget's theory
from two divergent directions. Tirstly a very precise look
at a specific area of children's behsvior, and secondly a
look at the general mechanismns of development and stage
transition that Plaget proposecs, specifically equilibration.

The programs shown in the Appendicies and discussed in
Chapter 7 can be seen to model fairly accurately the limited
area of observable behavior that has been investigated in
this study. This particular target behavior was chosen
because of its relative simplicity, but, it can be seen that
even this results in a mecdel of some complexity. To make a
production amenable for observation, the problem are is
restricted markedly. This is what has been done here in
that a specific aspect of behavior, that of weight seriation,
has been considered in some detalil. Extensions to this
work could involve enlarging the size of the production
system to incorporate wider aspects of behavior. Further-
more, the procedures which have been based on a random
model need to be investigated to discover any parameters
controlling the behavior that could decrease the degree of
randomness and increase the dcgree of prediction.

The representation of the problem space used in this
study has been at a fairly simple level, involving arrays
for the original and final positions and the balance. This

simplicity of representation makes the problem a very useful
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one for investigastion., Compare it for instance with the
complex representations needed for chess-playing programs.

Other importent areas of possible research include a
more intensive investigation of whether the production
systems and base strategies, which have formed the basis of
the model, are actually "in" the child ready to be brought
To conceptual awareness. This has lead to criticisms being
levelled at this type of model concerning whether the
subject actually carries a "program" around in his head or
not. An analogy is perhaps appropriate here. Twice in
my education I have been introduced to different models of
the structure of the atom. The latter bne was considerably
more sophisticated but neither are "correct" in any absolute
dense of the word. They were both convenient fictions for
communicating a model of atomic structure. In the same way
the models presented here are convenient fictions for
communicating a mndel of the mind's structure. No doubt
they will become increasingly sophisticated, but they will
never be completely correct models.

The consideration of general mechanisms of development
has not been done in great detail. What was originally
envisioned was a mathematically-based cybernetic system that
would be capable of being run as a program, that could
demonstrate the transition from one stage to another,
Piaget's concept of equilibration remains a general model
and would heed to be more formalized before it could be
used 2s a basis for any development. Grodins (1965) talks
about a computer simulation of cybernetic systems in medicine
and biology. With the biological fcundation of Piaget's
theory, his work could lay the groundwork for the simulation
of Flaget's equilibration concept, conceived of as a
cybernetic system.

Other transition mechanisms have been posited which can
describe the child's movement from one stage to the next,
These have been outlined in more detail in Appendix VI.
Firstly there 1s an approach which considers the transition
mechanism as a "higher order" production system which
controls other production systems (Klahr and Wallace, 1976) .
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Secondly the worl of Pascual-Leone (1970) has exciting
possibllities in that he considers the determining factor
in any particular stage to be the size of the central
processor, or M-space. This ties neatly in with Piaget's
concept of a "field of equilibrium". Elements of all these
approaches may be useful in the finasl formmlation of a
transition mechanism. Appel and Goldberg's (1977) book
i1lustrates that resecarchers are attempting to more closely
understand the concept of equilibration and its applications.

How does the work that has been presented here tie in
with the original problems expressed in Chapter 1?7 The
Tirst problem concerns a lack of direction in research.
I'or a large body of researchers, Plaget's theory has
represented a direction, a specific (if broad) area to
direct their attention. The development of the child's
cognitive ability is an important area, for both theoretical
development and practical benefits. Furthermore FPlaget
believes that hls theory reprcsents a coherent whole, in
spite of the surface diversity of its expression. This
leads to the second problem Newell dlscusses - that of
putting all the results of the various experiments
together. It 1s here that the most exciting possibilities
of the methods I heave been advocating lie. The development
of an efficient symbol processor, the computer, has given us
a means of "putting it all together". For example, a model
of motivational factors could be divised and superimposed
over the seriation structure, leading to some predictions
about the effects of interaction between the two, More
complete environmental representations could lead to such
factors es the relative speed of descent of the balance pans
leading to a possible hypothesis about the difference
between the weights. Developments of programs of other
specific cognitive abilities may lead to further work on
interaction effects. The phenomene being observed are
complex, and complex models will be needed to simulate them.

Before the widespread use of the computer, the only
material available for the psychologist to work on were

animals and humans. The use of animals has considerable
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limitations, eventually leading to a "ratamorphic"
conception of psychology. Humens are satisfactory in most
respects, but ethical limitations prevent excessive
menipulation of variables to determine effects. Now we
have available a new experimental field, whose theoretical
degree of complexity may be similar to man's, and who can
be experimented on with no ethical problems.

It would be naive to suggest that in a volatile science
such as psychology, there should be quite distinct periods
of analytic fact-finding followed by distinct periods of
synthesis. The two should occur together. But it is
important to realize that analytical research has gone'on
for a considerably long period of time. 1In conjunction with
this continuing research, attempts should be made to
synthesize a model of the "whole man". Computer science
technology is almost at the point where preliminary attempts
to do this are possible. It 1s worth noting that the level
of software development in computer science in well in front
of its application in psychology.

It is interesting to note that Piaget's theory already
has a strong information processing orientation, with his
emphasis on operations, but diverges very distinctly from
this with his complete lack of emphasis on the processing of
representations. The devclopment of adequate representat-
ional models 1is an important area for further research, and
may need to precede a more complete modelling of cognitive
ability. The concepts of information processing utilized
in this paper offer a powerful methodology for developing
models of the human information processor., We are still
some way from realizing the full implications of the
statement that the development of the computer will be as
significant an event for psychology as the development of
the microscope was for biology.
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ADPENDIX III

STAGE 1 (ALTERNATIVE) WEIGHT SERIATION IROGRAM
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APPENDIX V

STAGE 3 (UPGRADED) WEIGHT SERIATION PROGRAM
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APFENDIX VI

OTHER TRANSITION MECHANISNS

What other mechanisms or processes can be posited which
may govern the child's movement through the developmental
sequence? Plaget's formulations unfortunately are highly
general statements which do not deal with the particular
mechanisms governing developmental changes or specify the
conditions under which they take place, In this chapter
I will attempt a brief review of a number of different
approaches to the problem,

1. Klahr and Wallace

To understand the transition mechanism proposed by
Klahr and Wallace (1976), we need to have some background
information of the structure of the human information=
processor as concelved by them. The main unit, of relevance
to this discussion, is the long-term memory (LTM). The LTM
consists of a complex list of production rules (as outlined
in an earlier section). This list can be divided into three
tiers. The first tier contains the productions and product-
ion systems derived as a result of specific individual

experiences., Consistencies provided by on-going experience
are detected and added to the system's LTM, and are geared
to the specific experience of the system. The second tier
contains a repertoire of problem solving strategies. These
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productions are much less differentiated than those on the
first tier, and represent possible modes of reaction in
situations in which the previous experience of the system
has not given rise to relevant consistent sequences. The
third tier consists of productions and production systems
which underlie the self-modification capability of the
information=-processor, It comprises the productions
involved in the processes of detecting consistent sequences
and rule generation, and is of fundamental importance, .as it
is the source of cognitive development as a whole.

Looking specifically at Tier 3, we can see that Piaget's
concept of equilibration has been replaced in this approach
by a production system of a more general and more basic
nature. Klahr and Wallace (1976) assume the existence of
certain "innate productions" comparable to Plaget's innate
"functional kernel" of equilibration. These innate
productions perform such processes as detecting consisten-
cies and eliminating redundancies. A concrete example of
this second process is given by Klahr and Wallace (1976)
and 1s worth reporting as the same basic process has been
observed by the asuthor.

Two children aged 11.L years and 8.5 years both
succeed on a weight seriation task by using the "Locate
Heaviest" strategy, in which all the blocks are welghed in
turn, and the heaviest of each block pair is retained on
the balance. The child of 11.l years takes 16 comparisons
to construct the series, mainly because he realizes that,
when one weight which 1s heavier than all those previously
weighed 1is suddenly lighter than the last one, it must be
the second heaviest. The boy of 8.5 years does not realize
this, and proceeds to weigh the whole remaining welghts
again, requiring 21 comparisons. Thus a fundamental rule
preventing redundant comparisons has developed a specific
nroduction rule which enables the child to operate more
oi'ficiently.

Klahr and Wallace (1973) feel that sequential regular-
ity detection is a fundamental aspect of cognitive develop-
ment, with the knowledge of a series of changes preceding



Page 158

any external knowledge of thihgs. Xlahr and Wallace point
out that their concepts have yet to be verified, but the
ideas have sufficient within them to be expressible,
eventually, in fairly concrete terms, possibly in the form
of a running computer program,

This brief presentation of Klahr and Wallace's approach
elso helps to show the powerfulness of the concept of a
production system, which could be extended down to the basis
of intellectual development 1itself.

2. Pascual-Leone

Pascual-Leone (Pascual-Leone & Smith, 1969; Pascual-
Leone, 1970) outlines his belief that the child as a
psychological system has three basic components: a repertoire
(H) of behavioral units, a central computing space (M), and

a number of organizational laws. He describes the repertoire

(H) as containing schemes (or "plans of action" (Pascual-
Leone & Smith, 1969, p.329)) outlined in S-R terminology as
an ordered pair of implicit responses (e.g. s,r), or as an
ordered triplet, (s,r, s') (Tolman, 1959), The schemes are
recursive and hence very powerful., He states; 'A super-
ordinate scheme or superscheme is analogous to a computer
program which uses subroutines (i.e. subordinate schemes or
subschemes) which are stored elsewhere in the subject's
memory or repertoire H (e.g. Reitman, 1965)!' (Pascual~Leone,
1970, p.306). It is easy to see that this concept is
closely analogous to the idea of a production system stored
in LTM, which has been outlined in earlier sections,
However the important aspect of Pascual-Leone's work
is with his concept of a central processor M. The size of
M increases in a lawful manner as development proceeds.
'The general structural characteristics of the plagetian
stages would then be interpretable as qualitative manifest-
ations of this internal computing system or I operator!
(Pascual-Leone, 1970, p.30l). He makes a distinction
between the S's maximum capacity (structural M - Ms) and his
functional M (Mf), or the amount of N, space actually used.
Mf can vary from zero to Ms’ depending on the influence of
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a large number of factors, such as the degree of fatigue,
the degree of arousal, and various individual difference
variables such as Vitkin's field-dependence=-independence
(Witkin et al, 1962).

The computing space M transforms and coordinates the
information initially available to the psychological
system. The maximum number of schemes that M can attend to
or integrate in a single act is assumed to increase as a
function of age, and can be considered as a quantitative
characteristic of each developmental stage., Pascual-

Leone feels that such a concept can be integrated with
Miller's (1956) "magical number seven" to indicate the upper
limit of the adult's computing space M.

A particularly useful aspect of Pascual-Leone's
theoretical work is the fact that it includes as a major
feature a cognitive-developmental variable which could not
be handled by any other information-processing models
available. He ties his concept back to Piaget's expression
"field of equilibrium" (Piaget, 1956 in Pascual-Leone,
1970). This can be seen as an important development of
this Piagetian concept which creates a further link between
Piaget's work and the various information-processing models
developing to explain it.
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