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EDITORIAL

In 1996 we will celebrate the 250th anniversary of the birth of Johann H.
Pestalozzi and the 100th anniversary of the births of Jean Piaget, Célestin Freinet
and Lev Vygotsky.! A large number of activities have been foreseen to commem-
orate the achievements and thoughts of these four important educators, many of
them sponsored institutionally by UNESCO’s International Bureau of Education.
Beyond the actual significance of their achievements, mentioning simultaneously
the thoughts of Piaget, Freinet, Vygotsky and Pestalozzi confronts us with an
analysis of one of the most significant problems of modern education: the link
between scientific research—basically represented by the presence of Jean Piaget
and Lev Vygotsky—and educational innovation—as represented by Pestalozzi
and Freinet.

The name of Jean Piaget is closely linked with that of the International
Bureau of Education and UNESCO. In company with his friend and colleague,
the Catalan Pedro Roselld, Piaget was the director of the IBE from 1929 until
1968, a period during which relationships between peoples underwent a pro-
found change that modified international co-operation into a necessary but, at the
same time, a complicated and difficult task. Even though Piaget’s public activity
played a secondary role when compared to his scientific output, it is not without
importance to state—at a time when we are commemorating the 100th anniver-
sary of his birth—that Piaget maintained throughout his life a strong commitment
to international educational co-operation.

International co-operation and scientific research were, for Piaget, insep-
arable. His speeches and reports as Director of the IBE are a witness to this.
Both the analysis and the proposals about education and teaching put forward by
Piaget to direct educational activities in the countries belonging to the IBE were
based on his hypotheses about cognitive development, arising from the outcomes
of his scientific research. Even though the effect of Piaget’s research on the psy-
chology of learning has been very significant—and this edition of Prospects is
evidence of it—we could not say the same about the impact on the educational
practices which are used in educational activities. At this level, the present situ-
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4 Editorial

ation is very similar to the one that existed when Piaget published his theoretical
findings: promoting a culture of peace in a world where violence is being used
again to resolve conflicts, and developing high-quality education in a universal
manner so that the production of knowledge is not concentrated in an anti-demo-
cratic way.

To confront these challenges—today, as in the past—means renewing the
scientific foundations of teaching methods, content and teacher training.
However, experience has shown us that an adequate understanding of cogni-
tive development is a necessary, but insufficient, condition for educational
renewal. The process of educational reform incorporates social, cultural and
political aspects that must be incorporated in the research plan for cognitive
development, particularly when the school system plays a significant role in
this development. Here, the contributions of Pestalozzi and Freinet, bearing in
mind the obvious and substantial differences of epoch and cultural context,
represent a rich source of learning: in the first place, in both cases, we come
across a strong political involvement with the democratization of education,
from the point of view of the sectors towards which educational innovations
were directed as well as from the point of view of the ultimate objectives of
educational actions; in the second place, both of them recognized that the key
factor in the learning process is pupil activity; and, in the third place, both of
them had a similar concern for the overall character of educational activity
where the cognitive, affective and the manual play equally important roles in
the learning process, conceived as part of the overall process of training the
personality.

Our experience of educational renewal has also shown us the need to place
innovation in a key position in reform strategies. The challenge, however,
consists of incorporating innovatory activities in partnership with educational in-
stitutions and not in any limited way. Introducing the individualization of the
learning process in education systems that are at grips with vast numbers of the
population is today more than ever one of the main educational problems that
must be overcome. In this case, it is indispensable that specialists in cognitive
development, politicians, administrators and educators work together. The com-
plexity of the problem, which can be illustrated by the historical difficulty of
overcoming it, tells us that there are no simple or standard solutions. Piaget,
Freinet, Vygotsky and Pestalozzi have left us a heritage in which, beyond knowl-
edge, we find an important legacy in terms of involvement with the solving of
educational problems.

This edition of Prospects also contains a very interesting article by Jacques
Lesourne on one of the burning issues in discussions about education and society:
the problem of employment. The linkage between education and the world of
work represents a problem which should be re-examined in relation to past
experience and the new challenges presented by changes in production processes.
Prospects also publishes an analysis of the phenomenon of school repetition in
Lebanon and, in its section of profiles on famous educators, a study on one of the
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Editorial 5

most influential philosophers in European thought in the nineteenth century:
Auguste Comte.

JuaN CArLOS TEDESCO

Note

1. On this subject, see: Michel Soétard, ‘Johann Heinrich Pestalozzi (1746-1827)’ in
Prospects: thinkers on education (Paris, UNESCO), vol. 3, nos. 1/2, 1994, p.
297-310; Alberto Munari, ‘Jean Piaget (1896-1980)’, ibid., p. 311-27; Louis
Legrand, ‘Célestin Freinet (1896-1966)’ in Prospects: thinkers on education, vol. 1,
nos. 1/2, 1993, p. 403-18; and Ivan Ivié, ‘Lev S. Vygotsky (1896-1934)’ in
Prospects: thinkers on education, vol. 4, nos. 3/4, 1994, p. 761-8S.
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EDUCATION AND EMPLOYMENT

Jacques Lesourne

Writing for Prospects always poses a dilemma. Should one address the problem
on a worldwide scale, at the risk of putting forward hasty generalizations and
superficial distinctions, or would it be better to confine oneself to one geographi-
cal area or even one country, and run the risk of lapsing into the particular?

After giving the matter some consideration, I have deliberately opted for the
second standpoint by confining myself to France. Even so, I shall address relations
between education and employment in this country in such a way that my
approach may help give food for thought to readers from other countries and
continents.

From 1945 to 1967, the French economy was in a situation of full employ-
ment. The worlds of education and economics ignored each other and even had a
certain aversion for one another: teachers suspected employers of exploiting their
wage-earners, while employers were afraid that schools were only educating
rebels against authority. Each one defended its territory and educators made sure
that education and training were kept under their control. Their main concern
was to democratize education by extending the period of study -and raising the

Jacques Lesourne (France)

Since 1994, Jacques Lesourne has been Professor of Economics and Statistics at the
Conservatoire national des arts et métiers and is currently President of Futuribles
International. In the course of his career, he has been Director-General, then President of
SEMA (1958-75), the European advisory group on information technology and business
management, Director of the Interfuturs project at OECD (1976-79) and Managing Editor
of the newspaper Le Monde (1991-94). In addition to being a Fellow of the Econometrics
Society, he was, inter alia, Chairman of the Association frangaise de sciences économiques
and the International Federation of Operational Research Societies (1986-89). His many
works include Le calcul économique, théorie et applications [Economic calculating: theory
and practice] (1972), Les mille sentiers de P'avenir [The thousand roads to the future]
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Prospects, vol. XX VI, no. 1, March 1996



10 Jacques Lesourne

leaving level of the largest possible number. Employers in their turn accorded

priority to growth and investment and, under pressure from the unions, to the

codification of social practices. It was also a period when real wages and social
welfare underwent a considerable improvement.

In 1967, unemployment made its appearance and reached 1%. It thereafter
developed gradually until 1974, in spite of economic growth that remained
strong, then flared up intermittently from 1974 to 1986, when it affected 10.5%
of the working population. The more sustained growth at the end of the 1980s
resulted in a decline of about 300,000 people in the number of unemployed, but
the situation again became gloomier at the beginning of the present decade, the
low point being reached in 1993, with 12.6% of the labour force out of work. A
slight improvement has been recorded in the last two years.

An analysis of this period spanning almost thirty years (1967-1995) prompts
three complementary questions to be asked from the standpoint of relations be-
tween education and employment:

1. How did French society, through its various operators, experience this rise
in unemployment and what explanations did it mainly arrive at as the
phenomenon developed?

2.  What a contrario is the diagnosis that we can make of employment trends in
France and the reasons why French elites have proved unable to agree on the
causes of unemployment and have only proposed policies that have been
indecisive, confused and contradictory and have tended to vacillate?

3.  What, in these circumstances, and on the strength of French experience,
appears to be the desirable lines of approach to an educational policy taking
employment into account?

I hope that an analysis addressing these three questions in turn will help all my

readers to gain a better understanding of the problems that are a source of

concern to them, even if the political, economic and social reference context is
profoundly different.

A brief history of the rise in unemployment

When, in 1969, Jacques Chaban-Delmas, who had been appointed Prime
Minister by Georges Pompidou immediately after the presidential elections, had
Parliament enact a law on the training of workers at the prompting of Jacques
Delors, its purpose was not to combat unemployment but to improve the situ-
ation of wage-earners and increase their promotion prospects.

Five years later, the worsening of unemployment shortly after the first oil
shortage was not ascribed to the qualification of workers or the cost of labour,
but to the abrupt slowdown in growth caused by the rise in energy prices.

It was only in the latter half of the 1970s that a relationship started to be
established between training and employment. Some people pointed out that
alongside unemployment due to slow growth and unemployment due to adjust-
ment resulting from the restructuring of the production system, ‘classical’
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unemployment was growing, owing to the fact that employers stopped recruiting
because the additional costs, both immediate and anticipated, of such recruitment
seemed to them higher than the expected earnings.’ It was that situation which
seems to explain the emergence of long-term unemployment among the unskilled,
and especially among young people.

Since then, the existence of a link between training and employment oppor-
tunities has been recognized, and this is reflected in both co-operation and conflict
between teachers and employers. There is conflict because the latter accuse
schools of sending them unusable applicants (the implication being ‘at that
price’), whereas the former, while being mainly concerned for the future of their
pupils, point out that the unemployment rate falls when the level of the diploma
obtained rises. There is co-operation because training techniques are changing
and practical operations between employers and technical teaching establishments
are increasing at the shop-floor level.

The latter half of the 1970s also saw the emergence of the theme of the
reduction in working hours. The basis for the reasoning was as follows: the
amount of labour needed is governed by the level of GDP (gross domestic pro-
duct). However, as a result of the size of the active population, the volume of
labour supplied by individuals is higher. It is therefore necessary to reduce working
hours in proportion to the ratio of labour demand to labour supply. But two ques-
tions are hardly ever raised. Do all workers provide an equivalent service? And
what happens to workers’ earnings when there is a reduction in working hours?

It is also suggested on the extreme right that women and immigrants should
be sent back to their homes, even if this means a reduction in the labour supply.

In 1981, after the election of Frangois Mitterrand to the French presidency
and the coming to power of a new political majority, unemployment was chiefly
ascribed to technological progress, which the socialist tradition could not refuse
to countenance. Hence, policy was concentrated for two years on reviving the
economy, lowering the retirement age and slightly reducing statutory working
hours (from forty to thirty-nine hours). Training was primarily mentioned in the
light of the need to adapt workers to a new technological civilization.

It was in the same spirit that Jean-Pierre Chevénement, who became
Minister of Education in 1984, announced that steps were to be taken so that
80% of an age-group would reach baccalauréat level by the year 2000.? It was
thus hoped that, by raising the educational level of young people on the average,
their difficulties in gaining access to the labour market would be reduced.

From 1986 to 1991, the rise in the growth rates of the French economy
reduced unemployment and moderated the intensity of the debate on its causes.
However, competition from low-wage countries came to be increasingly mentio-
ned, while the debate on education became more animated, with teachers
complaining about their working conditions, their salaries and budgetary restric-
tions and public opinion criticizing the cumbersome and ineffective nature of a
bureaucratic education system.

Lastly, we come to the most recent period (1991-95), but the saga has not
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12 Jacques Lesourne

ended. The 1991 recession, which was the harshest the French economy had
experienced since before the war, increased unemployment, especially among
young people and even among young diploma-holders. French society became
frightened. The idea that the cost of unskilled labour had to be reduced began to
gain ground, but the Balladur government had to face a revolt by students and
secondary-school pupils when it proposed lower-wage work contracts (contrats
d’insertion professionnelle [vocational entry contracts}) designed to facilitate the
employment of young people. The under 25-year-olds did not regard themselves
as second-class citizens.

During this time, the actions launched by the government, industry or the
education system progressed, in that a vocational baccalauréat was created along-
side the classical and technology baccalauréats, and the 80% target was attained
several years in advance of the scheduled date, apprenticeship was promoted and
alternation between schools and industry was fostered.

But the blight of unemployment lingers and gnaws away at French society.
At the present time, the issues involved are all linked to exclusion, the break-up of
society and the calling into question of the elites.

What lessons can be drawn from this overview which, in its brevity, is
almost like a caricature?

1. The first thing that has to be noted is that French society has never been in
agreement on the causes of unemployment. Opinion-makers have confined
themselves to giving simple—and hence over-simplified—explanations such
as: “The cause of unemployment is . . .". This intellectual shortcoming has
had serious consequences since, in a democracy, political authority cannot
readily take action if it does not have adequate support.

2. The second thing is that it was necessary to wait for nearly twenty years
from the time unemployment first appeared before any notice started being
taken of the people who mentioned the cost of labour as a root cause in clas-
sical unemployment. Indeed, French ideological traditions find it difficult to
acknowledge the existence of a labour market, since they are influenced
either by Marxism or by social Catholicism. In the case of Marxism, a wor-
ker’s earnings are primarily the outcome of the power relations established
between employer and employees, whereas in the case of social Catholicism,
workers are expected to receive a fair wage that will enable them to bring up
their families. In neither of these two cases is any reference made to the pos-
sible influence of labour costs for a category of individuals in relation to the
volume of employment they are offered.

3. Owing to their lack of conviction regarding the root causes of unemploy-
ment, successive French governments, which have moreover been subjected
to severe budgetary constraints, have kept on increasing the number of
short-term employment plans, but have allocated only limited resources to
each measure taken. They behaved implicitly as if the message they were see-
king to convey to the population was: “We have tried everything and hence
nobody can hold our failure against us’.
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Education and employment 13

It was necessary to recall this context before putting forward the diagnosis that
an economist can make of unemployment in France.

Elements of a diagnosis

Compared with the history of unemployment as personally experienced by
contemporaries, what is the diagnosis which should, in my opinion, be made by
an economist who stands back and analyses the facts in all their complexity?

For the sake of concision, I shall attempt to make this diagnosis by simpli-

fying and eliminating the many supporting observations. To start with, there are
three essential observations:

1.

The labour services that different individuals supply are not homogeneous.
They are divided into types of skills that are a combination of knowledge,
know-how and attitudes, with the last-mentioned component often being the
most important.

In the French economy, a legally performed labour service involves two dis-
tinct costs: a cost to the user covering the gross salary, the employers’
charges and the monetary equivalent of the different constraints bound up
with the job (it is this price that employers take into account when making a
job offer); and a cost to the worker that is equal to the difference between
the gross wage and the charges, taxes and costs that the worker has to bear
(it is this price that individuals consider when applying for a job). As everyo-
ne knows, the difference between these two prices is considerable.
Employers and workers also take into account the possibilities for moonligh-
ting, with its ensuing savings and risks.

Substitution between goods and services on the basis of prices is a key featu-
re in the functioning of any economy. Depending on the case, the speed at
which such substitution occurs may vary. Instances can be observed of sub-
stitution between labour services involving different types of skills, between
labour and capital investment, between work performed on national territo-
ry and imports, between the production of a commodity or the decision not
to produce it. There is no idea more false than believing in the existence of a
volume of labour that is associated with a given level of national production,
regardless of the prices involved. There is no Planck’s constant in economics.

These preliminary observations having been made, there are three economic lin-
kages that have been at the root of unemployment in France:

1.

When there is a change in the job-supply-and-demand curves for each skill,
the adaptation does not take place immediately. This accounts for the emer-
gence of transitory frictional unemployment whose duration depends on the
functioning of the labour market and the attitudes of the economic operators.
In cases where labour costs are rigid, two very different kinds of unemploy-
ment can develop: Keynesian or cyclical unemployment due to the fact that
employers do not recruit because the resulting additional production would
not find a market (this kind of unemployment, which varies over time,
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14 Jacques Lesourne

affects a wide variety of skills; the policy which usually makes it possible to
combat it consists in stimulating demand, a highly agreeable medicine even
if it generates untoward effects); and classical or structural employment due
to the fact that for some skills, the cost of labour is such that recruitment
generates production where sales do not cover the additional costs (this form
of unemployment, which results from both the price rigidity of the factors of
production and their relative levels, primarily affects lower skills for reasons
that will be mentioned below). Classical unemployment can also result from
individual attitudes in cases where workers consider it more worthwhile to
opt for a combination of unemployment benefits and leisure or unemploy-
ment benefits and moonlighting rather than for a combination of a wage and
legal employment.

3. A distorted linkage may become established between Keynesian unemploy-
ment and classical unemployment: people losing their jobs following a
recession may discover that their skills were mainly connected with the
enterprise which employed them and that these skills are much lower in the
eyes of other employers. They accordingly find themselves in a situation of
classical unemployment if they seek to obtain a wage comparable to that
which they previously earned.

Through the intermediary of these linkages, other factors that are not exclusively

economic naturally have their part to play:

— technological progress which, with the emergence of information technolo-
gies, is changing the supply curves for a wide range of skills and, if the
labour markets were flexible, would generate variations in the relative wage
levels for different skills;

— international competition, which brings into contact countries where indivi-
dual skill distribution patterns are different; for instance, the existence in the
Third World of large numbers of unskilled workers and (in percentage
terms) few skilled workers broadens the spread of labour costs per skill. In
the developed countries, this would ensure that there would be no classical
unemployment;

— governmental macroeconomic policies (especially monetary policies), which
have an impact on the levels of economic activity and exchange rates.

Apart from its frictional component, unemployment in France is thus a mixture

of cyclical unemployment accentuated by the monetary policy adopted from 1992

to 1994 and of classical unemployment due to the relative level of labour costs

for lower skills and the limited interest which some of the unemployed show in
obtaining legal employment.

Neither the purported absence of needs nor the labour supply of women and
immigrants, nor poor growth as such, would generate unemployment if a suitable
macroeconomic policy were adopted and if labour costs for the different skills
matched supply and demand.

The most popular way of combating unemployment—by reducing fixed-
wage working hours and hence increasing hourly labour costs—would, in the
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medium-term, have effects opposite to those sought, because the rationing of scar-
ce labour would, in the first instance, reduce the production possibilities and thus
the job opportunities for workers with lower skills.

On the contrary, an effective policy should be a mix of a monetary policy
offering greater incentives, a change in the basis of assessment for social charges,
a counterpart requirement in return for unemployment benefits, the phasing-out
of useless labour market formalities, and training measures.

Unfortunately, this diagnosis does not elicit the support of a sufficient pro-
portion of French society for many different reasons that are bound up at one and
the same time with:

— difficulty in understanding;

— the ideological models described in the first part of this article; and

— the strategies of social groups which fear that badly targeted reforms will be
unfavourable to them.

However, on the basis of this diagnosis, it is possible to speculate about the lines

of approach to an educational policy that would take employment problems into

account.

What educational policy
for which lines of approach?

Two preliminary remarks are essential to avoid any misunderstanding:

The education system is not responsible for the rise in unemployment in
France. This rise is due to a refusal of French society as a whole to adapt itself to
a different economic and technical context. While the instruments adopted in the
1950s in the name of security and equality gave rise to increasingly untoward
effects, French society refused to change them in order to pursue the same social
values more effectively in the new environment. It is this conservatism that is
excluding individuals with lower skills from the labour market and which is
confronting teachers, employers and workers alike with formidable difficulties:
teachers because they have to reorient their action in order to enable their pupils
to secure employment; employers because they are obliged to keep watch over the
profitability of their enterprises; and workers because they have to make sure that
they upgrade their skills.

It is not the purpose of the education system to train workers. Its social mis-
sion is to give men and women better opportunities for fulfilling themselves as
human beings. This is a more far-reaching objective. However, in a difficult
labour market situation, the ability to find work (or to find other work in the case
of losing one’s job) emerges as an almost necessary condition for full personal
development. It should therefore be taken into account in educational policies,
without of course detracting from the real objective of these policies.

These preliminaries having been outlined, the French experience draws
attention to the various considerations described below.
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16 Jacques Lesourne

TRAINING AND SKILLS

From the standpoint of combating unemployment, training should set out to

change people’s skills by enabling them to move out of categories where skills

abound worldwide to categories where skills are harder to find on the same
worldwide scale. This proposition has to be supplemented by two points of clari-
fication:

1. Skills cannot be reduced merely to knowledge or to a combination of know-
ledge and know-how. They imply an attitude blending initiative and the
ability to co-operate. It is this attitude which, along with knowledge and
know-how, makes it possible, among other things, for individuals to adapt
to changes in the technical, economic and social environment.

2. Skills are not equivalent to the qualifications often associated in France with
the possession of a diploma, which primarily reflects knowledge, in some
instances know-how and, to a lesser extent, an attitude.

As far as practicable, educational policies should therefore foster the gradual

acquisition of creative and co-operative attitudes.

SOCIAL POSITION AND DIPLOMA LEVELS

Over the past two centuries French society has equated—especially in the civil
service—social position with the level of the diploma obtained at the end of ado-
lescence. This correlation between the two is now falling apart. Companies
increasingly give preference to skills and there are grounds for thinking that the
correlation between wages and diploma levels will in future be less evident for
individuals as a whole.

Despite this long-term trend, diplomas are still very much sought after by
individuals. A real paradox with regard to diplomas can be seen to be created by
the following pattern:

—  When they receive an influx of applications, employers use the diploma as
an indicator of skills in the case of a first job. Obtaining a diploma accordin-
gly enhances the likelihood of being recruited. This assumption is consistent
with the statistics, which show that the unemployment rate falls with the
level of the diploma. Once they have been recruited, people have good pros-
pects of acquiring skills on the job. The initial advantage therefore tends to
continue even if employers no longer attach importance to the diploma after
a few years of job-related experience.

— In these circumstances, young people seek a diploma in order to be able to
emit an ‘audible’ signal at the beginning of their careers and not to be elimi-
nated prior to any interview.
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TRADITIONAL DIPLOMA COURSES AND RE-ENTRY INTO THE WORK CIRCUIT

The more the percentage of diploma-holders rises, the more the relative situation
of non-diploma holders worsens. The psychological, family and financial difficul-
ties experienced during adolescence therefore tend to represent more severe
handicaps than in the past, even though they concern a decreasing proportion of
the population. The individuals involved often rebel against school. Bertrand
Schwartz has clearly shown that we can only hope to instruct and educate them
by tackling at one and the same time their employment, training and social inte-
gration problems, which is impossible in traditional diploma courses and entails
specific approaches.

SCHOOLS AND EMPLOYERS

The importance of securing employment for young people has compelled France
to progressively rethink the relationship between schools and employers. Many
forms of co-operation have been developed at the local level between technical
establishments, universities and the grandes écoles, on the one hand, and indus-
trial and business leaders, on the other. At the national level, new laws have been
enacted to promote sandwich courses and apprenticeship.

However, in the absence of a tradition as in Germany, there are many obs-
tacles to be overcome. Apart from the legal difficulties involved (type of work
contract, social coverage, etc.), French employers are not always organized to
receive large numbers of apprentices in an efficient manner.

Furthermore, workers who wish to continue their studies can now obtain
validation of their work experience enabling them to have direct access to the pre-
paration of certain diplomas.

VOCATIONAL TRAINING AND ENTRY INTO WORKING LIFE

One debate that is constantly recurring concerns the broadening of pre-service
vocational training: some people argue that the more this training is targeted the
more it facilitates entry into working life, while others maintain that the broader
it is, the more workers can adapt themselves to changes in production structures.
It seems that the path to be followed is more often than not midway between the
two, since too narrow a training makes people prisoners of a particular firm or
sector, while too broad a training may handicap them in relation to other appli-
cants when they are seeking their first job. Training geared towards some degree
of versatility within the framework of a clearly-defined field may prove to be a
compromise between professionalism and adaptability.

The problems that have just been raised have, however, to be resituated in a
broader context. Adaptation to the labour market is not the only challenge facing
the French education system at the close of this century. Mention can be made of
several others, which have, in fact, been clearly identified: these include economic
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and cultural globalization, the emergence of technologies giving rise to a new
information society, the development of multidisciplinary and systemic
approaches, the broadening scope of questions on ethical issues in the wake of
scientific and technical progress, and so on.

This realization entails resituating relations between education and employ-
ment in an overall view of things. Unemployment is not due to economic and
social inadequacies. It stems from a confusion of linkages which give it different
forms but, a contrario, education in its life-enhancing ambition of shaping men
and women must adapt itself to the technical, economic and social changes which
are altering the conditions of employment in the present-day world.

Notes

1.  Rapport de la Commission Emploi et relations du travail du VIIle Plan [Report of
the Employment and Working Relations Commission of the Seventh Plan], Paris, La
Documentation frangaise, 1980.

2.  Meaning that 60-65% of an age-group would obtain the baccalauréat compared to
28% in 1985.
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OPEN FILE

PIAGET
AND EDUCATION



FOREWORD

On the occasion of the centenary of the birth of Jean Piaget, UNESCO:IBE has
decided to devote the open file of this edition of Prospects to ‘Piaget and educa-
tion’. We were asked to produce it and to ensure that the geographical diversity
of researchers working with Piagetian theory was represented as fully as possible.
This edition is not intended simply as a commemoration of Piaget’s work. We felt
it would be closer to the spirit in which his work developed to show not only the
fundamentals of genetic epistemology and genetic psychology but also the debates
involving other theoretical contributions which take them further forward, and
also the changes resulting from a reappraisal of concepts in the field of education.
This open file follows up the general directions currently being taken by educa-
tion science research linked to genetic epistemology and genetic psychology.
These directions also draw on scientific advances in cognitive psychology, inter-
cultural psychosociology and the didactics of the disciplines. We have thus
divided the volume into three sections: 1. Piaget, the mechanisms of development
and school learning; 2. Piaget and the social aspects of knowledge; 3. Piaget and
didactics.

In the first section Lauren Resnick opens the debate on the mechanisms of
development and learning with an attempt to integrate theories dealing with bio-
logical constraints on the one hand and situated cognition on the other. Marcel
Crahay describes various stages in the pedagogical interpretation of Piagetian
theory with reference to the classic dilemma regarding education: learning to
memorize or learning to think? He concludes by looking at certain key ideas of
genetic psychology in the light of certain aspects of recent developments in Anglo-
Saxon cognitive psychology, in particular in relation to problem-solving.

Ludmilla Obukhova raises the question, always a crucial one, of the rela-
tion between learning and development by showing how the child constructs the
tool-mediators proposed by the adult and how those tools become internalized
operations.

Constance Kamii emphasizes development. School learning is possible only
if we update our knowledge of development. Thus, in teaching arithmetic, know-
ledge must first and foremost emerge from previously constructed
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logico-mathematic knowledge. For her, Piagetian theory should be applied rather
than questioned.

Like Constance Kamii, Takehisa Takizawa seeks more or less direct inspira-
tion in Piaget, in order to provide a scientific basis for teaching. He shows how
genetic psychology has been applied in Japan, following a historical approach.

The ascendancy of culture over knowledge is, however, clearly asserted in
the three chapters of the second section. Mohamed Lahlou raises the problems of
school integration in the political and social context of the previously colonized
countries, the problems of the status of the languages taught at school and their
relation to first languages, and the problem of the first language as a vehicle for
academic knowledge. He stresses the key role of social interactions in the tea-
ching-learning process and highlights the importance of the child’s adaptive
activity in these interactions.

Emilia Ferreiro tackles the acquisition of cultural objects, such as a written
language, and wonders if Piagetian theory can account for the mastery of all
objects of knowledge. She concludes that it is a ‘general theory of the processes
whereby knowledge is built up’.

Eduardo Marti is closer to a concept of the heterogeneity of knowledge
based on the content of specific branches, examining the links between certain
fundamental concepts of genetic psychology and those developed by another
great psychologist, born in the same year as Piaget, Lev Vygotsky. Piagetian
constructivism is seen as an indispensable basis for any consideration of the
teaching-learning process and as being linked with some of the tenets of
Vygotskian socio-cultural theory.

The chapters of the third section also take on board the socio-cultural
dimension of knowledge, but situate knowledge in the field of didactics, defined
as a system designed to teach a body of knowledge that exists culturally.

Gisele Lemoyne devotes her chapter to the conversion of what a child knows
into what a pupil learns, and vice versa. She applies aspects of genetic epistemolo-
gy to the didactics of mathematics, describes the body of problems covered by
each of the two fields and presents experimental findings which attest to the use-
fulness of combining them.

Gérard Vergnaud brings the open file to a close by suggesting that a certain
distance should be kept both from the didactics of mathematics and from genetic
epistemology. He identifies issues that emerge from a comparison of the two
fields, namely: knowledge as an adaptive process, the development of general
structures and specific conceptualizations, situated action and underlying concep-
tualizations.

We for our part open this discussion of the pedagogical developments of
genetic psychology with a presentation of the work done in Geneva, which is of
course grounded in genetic psychology but which also extends it by studying the
interactions between knowledge and situation, in which we stress the role of
didactic situations in the structuring of knowledge in pupils.

Two key points emerge from most of the chapters. The first concerns the
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concept of a generally applicable overall structure, which is an epistemological
obstacle for pedagogy. In fact, almost all the contributors emphasize the heteroge-
neity of knowledge, whether in respect of cognitive processes, the specific features
of different socio-cultural contexts or the specificity of the situated knowledge.
The second leitmotif concerns precisely the importance of the specific contents on
which and within which knowledge is built up in the school context.

MADELON SAADA-ROBERT
JEAN BRUN
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PIAGET, THE MECHANISMS OF DEVELOPMENT AND SCHOOL LEARNING

TRANSFORMATIONS OF

SCHOOL KNOWLEDGE:

THE CONTRIBUTIONS AND EXTENSIONS

OF GENETIC PSYCHOLOGY

Madelon Saada-Robert and Jean Brun

From the construction of knowledge to
transformations of situated knowledge in the child

Four major periods may be distinguished in Piaget’s work on the psychological
development of thought in the child. The first period lays the foundations of the
child’s reasoning, characterized not yet by logical structures but already by authentic
forms that cannot be reduced to those of the adult (La représentation du monde
chez Penfant, 1926). The second period, beginning with La naissance de Uintelligen-
ce chez 'enfant (1936) and culminating with La genése des structures logique

Madelon Saada-Robert (Switzerland)

Madelon Saada-Robert has a doctorate in genetic psychology and was for many years
research and teaching assistant to Professors Piaget and Inhelder at the University of
Geneva and the Centre for Genetic Epistemology where she worked under the direction of
Jean Piaget. She went on to specialize in representation linked to the functioning of contex-
tualized knowledge, in particular with pre-school children. She is currently senior lecturer
and researcher in education sciences at Geneva University, working on the learning of writ-
ten language in schools.

Jean Brun (France)

Professor of the didactics of mathematics in the Faculty of Psychology and Educational
Sciences of the University of Geneva. Jean Brun holds a doctorate in psychology from the
University of Lyon II; his thesis on the relations between intellectual development and the
introduction of the new mathematics in the early 1970s explores the effects of that tea-
ching. His present research continues to focus on those relations, now taking into account
the teaching situation itself at the elementary schooling level (6 to 12 years).
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élémentaires (1959) [with Inhelder], defines the characteristics of the logico-
mathematical structures peculiar to the various stages of cognitive development,
while demonstrating the fact that operations are rooted in actions. The third period
effects a de-centration of the structures of the subject towards the pole of the object,
studying its role in the construction of knowledge (Les explications causales, 1971;
La prise de conscience, 1974). Then the fourth period reverts to the central question
of the mechanisms of development, linking the assimilation-accommodation rela-
tions with the study of L’équilibration des structures cognitives (1975) and
Recherches sur I'abstraction réfléchissante (1977).

That final period, extending to study of more psychological themes, or at
least themes not strictly amenable to formalization on the basis of logico-
mathematical models (Recherches sur la généralisation, 1978; Recherches sur les
correspondances, 1980; Vers une logique des significations, 1987 [with Garcial),
interests us more particularly. It poses the basic problem of the functioning of
knowledge, an issue elaborated upon and expanded by the studies on the links
between deep structures and situational knowledge, and particularly on the role
of representations (Inhelder et al., 1992). Because of their impact on an under-
standing of the cognitive function in pupils in classroom situations, we shall
initially give a brief account of the two main subjects of these studies (represen-
tations and their microgenesis), after showing on which main tendencies in
genetic psychology they are based.

The constructivist and interactionist foundations
of genetic psychology

Even if these studies challenge the idea of the universality of structures which is
implicit in their own definition, and hence the idea of their quasi-automatic trans-
fer to specific situations, they are nonetheless based on the two underpinnings of
genetic psychology: constructivism and interactionism. First, they take construc-
tivism further by extending it into learning contexts. For these studies show that,
in its functioning, even acquired knowledge is not simply applied to a situation
but reconstructed according to the structure of the situation. The acquisition of
any new knowledge therefore has to bring into play earlier knowledge in specific
situations through which it is transformed, differentiated, and set against the re-
alities of the situation, and finally results in new abilities. They then take
interactionism further by emphasizing the structuring role of the situation, which
must be understood in both its social and its cognitive aspects.

The construction of knowledge
and the role of interaction

Four mechanisms are central to the cognitive function in genetic psychology. The

studies on situational representations review these, stressing in each case the struc-
turing role of the situations in which they function. They are the relations between
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assimilation and accommodation, realization, reflexive abstraction, and equilibration.

The role of accommodation in relation to assimilation. By concentrating on
the contribution of accommodation, which is involved in any relation of the sub-
ject with the environment for the purpose of gleaning relevant information from
it, the studies on representations overturn the importance given by Piagetian the-
ory to assimilation as a prime factor and a reproducing, generalizing propensity.
They see accommodation as pivotal to receptiveness to the environment, with its
properties and its constraints, which indicate to subjects the direction in which
they will be able to adjust to it.

Consciousness and the role of the external situation. This is the only mech-
anism concerning for which Piaget posits a movement from the outside inward,
from the periphery (specific situation) to the centres (conceptualization of infor-
mation by the subject, and parallel constitution of the properties of objects).
Consciousness is essentially defined as conceptualization of the results of the
action and conceptualization of the properties of the object. This definition seems
to us to be too restrictive, for there are items of information derived from the
situation which may remain relatively implicit, without being exposed to a level
of explication that formalizes them.

Simple abstraction compared with reflexive abstraction. Reflexive abstrac-
tion can briefly be said to enable the subject to reconsider (in reflection), in a
coherent whole defining a higher structural level, skills which have evolved in
relative isolation and have been derived from a more elementary level. By
contrast, simple abstraction is that which enables subjects to derive information
from the situation: either specific properties of objects through their actions, or
the results of those actions on the situation. For Piaget, such abstraction serves as
‘food’ for reflexive abstraction. These abilities, built up in direct relation with the
situation, will be consolidated in different situations (this involves reflectiveness,
the movement of abstraction from one level towards a more complex level). In
this mechanism, Piaget’s analysis emphasizes reflexive abstraction and more par-
ticularly the reconstruction of structures, once their components have been drawn
from the more elementary level. A closer examination of the situational constructs
of subjects nevertheless shows that simple abstraction, because of the significance
attributed by the subject to the various parameters of the situation, and owing to
its comparison with reality, plays a greater constructive role than Piaget’s analysis
suggests. Whenever children, or pupils in a classroom situation, cannot use a
piece of knowledge as such to solve a problem, and this is normally the case
whenever learning takes place, they must ‘make the situation talk’, i.e. give it a
meaning, in order to derive from it new factors pointing to where they must seek
a possible new solution, by constructing new means of achieving that goal (or a
new combination of acquired skills).

Equilibration and the role of the beta stage. When a disruption occurs in a
chain of reasoning and in the associated procedure, whether stemming from the
situation (when behaviour meets with an obstacle, for example, or when new
properties must be taken into account) or from representations of the subject (such
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as two conflicting units of knowledge), three reactions may occur in the subject,
which are graded in three stages leading to the final overcoming of the disequili-
brium caused by the disruption. In the first stage, alpha, the subjects annul the
disruption by avoiding it, thereby recovering the initial equilibrium. In the second
stage, beta, the disruption is acknowledged but the subjects cannot yet overcome
it. They will accept it but only as a special case, or as an exception, which does not
fundamentally alter their system of thought. In this case, they remain in a position
of relative disequilibrium. In the third stage, gamma, subjects will not only ac-
knowledge the disruption but will incorporate it in their system of thought by
making the latter more sophisticated. The disruption will then be overcome and a
new equilibrium will be struck that is steadier than that of the alpha stage. While
Piaget mainly concerned himself with finding the conditions for overcoming the
disruptions (the gamma stage), recent studies seek rather to show the importance
of the beta stage, that which enables subjects to be receptive to the environment by
allowing for possible disruptions. Even if they have not yet overcome them, they
must be able to consider, read and accept them, if only as special cases. And it is
partly through this reading of new, hitherto ‘hidden’ properties of the situation
that subjects will find the path towards overcoming the disruption.

The study of representations
and the microgenesis of problem-solving

The team investigating the cognitive function in genetic psychology (Inhelder et
al., 1992) focused on the study and microgenesis of representations.

Representations are examined therein as the interface of earlier knowing' and
the properties of the situation. It is the locus of formation of situated skills and
action procedures whereby the child will resolve the problems posed in the situ-
ation. The situated cognitive representations are defined by the relation between
the deepest units of functioning—context-free knowing in long-term memory:
invariant structures, schemas, operations, specific knowledge such as scripts, out-
lines, etc.—and more external units: sequential procedures dependent on the
intentions and projects of the subject. Between the two types of unit, an interface is
constructed through the representations situated at the working memory level.

Any situation is defined by the subject in terms of a chain of goals and sub-
goals, and in terms of problem-solving sequences, even when appropriate
solutions are not found. In this context, problem-solving microgenesis may be
regarded as a change of meanings for the subject; a given action, defined as a
context-free schema, may be specified as routine (when functionally attached to
the objects of the situation irrespective of the goal pursued), as primitive (when
regarded as a key to the problem) or as a procedure (when composed of key
primitives). In the case of a known problem, or of a new but similar problem,
these three forms of action do not all necessarily enter the picture. A correct pro-
cedure used as routine may be specified in the course of a top-down process. In
the case of an entirely new problem, the three forms of action appear in the prob-
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lem-solving microgenesis. Some relevant actions may be seen as routine in the
course of an bottom-up process; others are specified as key primitives, and verifi-
cation then amounts to building them into procedure.

Microgenesis study, as undertaken by the Geneva team of researchers on the
cognitive functioning, does not seek to look further into what is known of macro-
genesis, particularly as developed in genetic psychology. Nor does it set out to
reconstitute macrogenesis on a smaller scale or to find the famous three stages in the
instant when the problem is solved. Microgenesis study, rather, yields a better
understanding of the mechanisms of change, previously seen either in general terms
of reflexive abstraction or majoring equilibration with its three levels—alpha, beta
and gamma—or in terms of fine transitions and cognitive conflict by Inhelder and
her collaborators (Inhelder, Sinclair & Bovet, 1974). These change mechanisms are
essentially understood as changes of signification and changes of monitoring by the
subject. Microgenesis study also seeks a grasp of how relations operate between the
connected components. It thereby offers an alternative solution to the connectionist
models which could be applied to cases where the components have already been
automated and which would explain how they are activated, but which certainly do
not explain how the relations between components are constructed through their
functioning in context. Microgenesis study also shows that the basic roots of the
structures are not constructed through isolated filiation but, rather, within con-
ceptual fields (Vergnaud, 1985), through relations of alternating interdependence
and reciprocity. This is possible because these microgenesis studies have deliberately
focused on the functional aspects of the formation and activation of knowledge.
Directing research towards the functional, rather than the exclusively structural,
aspects amounts to an acknowledgement of the role of the situation considered
in an interactive relation with the subject. Thus, in the dialectic of Piaget’s
construction-interaction poles, we incline more towards the interaction pole, and by
studying interaction we gain a better idea of the mechanisms of construction; which
brings us to the linkage between learning and development.

Solving school problems

The school lies within a network of definite, albeit shifting, socio-institutional signifi-
cations. The pupil, the teacher and the knowledge are its didactical protagonists. In
this setting, the problem-solving situations actualizing the teaching/learning relation-
ship are complex. They are governed by a didactical contract that will enable pupils
to attribute particular values to a part of their knowing concerned by the problem,
and that part they will transform into situated knowledge.

Recent research in genetic psychology on representations has not been
concerned with problem-solving in school situations. However, in an educational
system, focusing on the teaching/learning linkage seems to us to raise a number of
specific problems. Here we consider the problem of what are termed complex
situations: broad situations that permit the integration of knowledge regarding
specific contents. The merit of such situations is threefold.
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Pupils, firstly, are afforded a specific entry into the open problem, a distinc-
tive path to be followed in solving it, and their own monitoring of goals and
components. Activation of the relevant knowing and construction of the situated
knowledge will thus take place through instances of bona fide microgenesis
(Saada-Robert, 1995).

Then for teachers, complex situations ensure the necessary embedding of
teaching in the pupils’ representations, to the extent that the teacher observes the
procedures involved and associates them with the conceptual field underlying
each situation. Through such observations and the appropriate regulations, the
necessary differentiation for linking teaching with the various forms of learning
will be able to proceed.

Finally, for researchers, the relevance of complex school situations lies in the
fact that their variables, from a social and cognitive point of view, are closely
linked, and that the time spent on problem-solving by the pupil, with or without
real interactions, permits study of the microgenesis of situated knowledge.

The transformation of situated knowledge

The development of research in genetic psychology increasingly focuses on
attempts to understand how knowledge is constructed (see Inhelder et al., 1992).
It is stressed that knowledge acquired by a subject does not in fact contain, of
itself, its conditions of application. The situation plays a role in its utilization and
hence in its construction. Psychological constructivism may accordingly be
regarded as fundamentally interactionist.

Research in didactics, on account of its object, calls for more study of the
role of situations. A teaching situation is overdetermined by the knowledge with
which it is concerned and by the institution responsible for transmitting it. The
representations developed by the pupils in these circumstances bear the imprint of
this overdetermination, so that, in a teaching context, didactics has a hand in de-
fining what is representable. Didactics might then be thought to be only a curb
on, or even an obstacle to, the natural development of the subjects’ knowledge,
and it might consequently be proposed to reorganize didactics around this natural
development, seen as the only vehicle of the child’s ‘true’ potential. Development
would be normative to the extent of ensuring the reappropriation, by individuals,
of instituted knowledge. Experience shows that didactics are resistant—that they
cannot be refashioned at will in line with discoveries regarding child develop-
ment, even though such discoveries have a very important part to play in
teaching. Didactics need to be regarded as a subject of study per se (Brun, 1994).
Without entering here into a general review of the didactic phenomenon, which
no doubt pertains to anthropology (Chevallard, 1991, 1992, 1994), let us merely
consider its effects on the concept of situation as a locus of cognitive interactions.
We shall do so from the standpoint of mathematics didactic.

We formulate the following problem: to what situations may the meeting of
a subject with a formal and, to that person, new knowledge correspond? What
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are the conditions for such a meeting? We do say ‘meeting’ in reference to
Mercier (1994). Genetic psychology teaches us that such subjects have forged
knowing through their own development mechanisms (equilibration, simple and
reflexive abstractions, consciousness) in contact with a variety of situations
which, in this case, refer to their overall experience. Subjects thus construct
themselves progressively and structure themselves cognitively. In a situation, in
the broad sense of the term, they utilize their knowing and construct fresh
knowing. Microgenetic studies have pinpointed the processes whereby the child
makes new discoveries (see Inhelder et al., 1992).

This developmental process meets with didactics at the point in time when
social intention is brought to bear on it, namely, the intention of teaching knowl-
edge culture hands on from generation to generation.

We then enter a class of specific situations which will be defined as didactic,
provided that they combine developing knowledge, an intention to teach and a
knowledge ‘already there’ (Rouchier, 1991). The interactions between these three
factors define the ‘didactic situation’, the model form of the teaching situation. In
comparison with the interactionist pattern ‘subject x situation’, the distinctiveness
of the didactic situation therefore requires clarification.

Knowledge and didactic situations

The study of the actions adopted by pupils when faced with a mathematical prob-
lem, in a teaching situation, also requires the significance of such actions to be set
within the characteristics of that situation. Those characteristics are epistemologi-
cal and cognitive, but also didactic. The situation is charged with intentions and
expectations on the part of the teacher, besides being located within an edu-
cational progression; these factors organize and regulate the representation that
pupils forge of the mathematical problem presented to them.

At this stage of reflection, we are faced with at least two major alternatives in
the choice of an approach to research: that which consists in declining to espouse
this pattern and pushing to its limits the hypothesis of the autonomous recon-
struction of knowledge by the subject (radical constructivism); and that which
involves querying the conditions under which there may be a meeting between
knowledge already present, formed culturally, and the organized patterns of know-
ing constructed by the epistemic subject. Studying a didactic situation means
studying just such conditions (Mercier, 1994). The interconnection, via situations,
between individual knowing and instituted knowledge is the core of didactic issues.

Various experimental studies conclude that there is in fact no natural tran-
sition from knowing produced by psychogenesis to instituted knowledge.
Berthelot and Salin (1992) have shown, for example, that the spatial notions of
pupils are not simply converted, by the mere fact of cognitive development, into
geometrical knowledge (they may sometimes even be a hindrance); nor does the
description of instituted knowledge suffice on its own to find an echo in the
pupil’s spatial knowing, which is nevertheless necessary to the teaching of such

Prospects, vol. XX VI, no. 1, March 1996



32 Madelon Saada-Robert and Jean Brun

concepts. Connecting knowledge with individual knowing is an ongoing didactic
problem (Conne, 1992); its solution depends on, inter alia, the didactic creation
of objects to be taught, a task of transposition that cannot be performed without
that experimental epistemology constituted by research in didactics.

Brousseau (1983) touches on that task when he writes (our emphasis):

We shall therefore assume that the constitution of meaning, as we understand it, implies a
constant interaction of the pupils with problem situations, a dialectical interaction (for
subjects anticipate and finalize their actions) in which they engage previous knowledge
before reviewing, modifying, completing or discarding it to form new conceptions.
Didactics is, as it happens, chiefly concerned with studying the conditions that must be
fulfilled by the situations or the problems proposed to the pupil in order to encourage the
emergence, functioning and rejection of those conceptions (p. 172). [Translation.]

The meaning of a mathematical knowledge depends first on the state of organiz-
ation of the subject’s knowledge (see Vergnaud, 1991). That meaning is also
determined by a set of cultural problems for which knowledge (the idea of
measurement, for example) is required for the discovery of a solution. Brousseau
has studied a great many situations corresponding to such sets of problems; he
calls them fundamental situations. Now, the notion of a ‘fundamental situation’
brings us back to the epistemological characteristics of didactic situations. The
choice and organization of such situations, in the course of teaching, is part of an
experimental epistemology that asks the question: ‘How is knowledge transfor-
med from its origins to the point at which it is taught?’

The transformation of knowledge for teaching purposes is what occurs in the
process of didactic transposition (Chevallard, 1991). Behind this transformation
are to be found the professional mathematicians who themselves engage in the
work of ‘decontextualizing” and depersonalizing their knowledge, as yet private, in
order to make it communicable to their peers and beyond. Taken as part of the
educational task and marked out ‘to be taught’, such a context-free knowledge
must come into contact with new persons: the pupils. For that meeting to be possi-
ble, however, the knowledge must be put back into context and repersonalized, the
point being that pupils are supposed themselves to produce the modification of
their knowing, as genetic psychology tells us. Knowledge cannot therefore be
passed to them directly. It is by means of new and, this time, didactic context-
building that pupils become capable of modifying their knowledge themselves. At
the end of the process, if the meeting has actually occurred, this personal knowing
will still need to be converted into instituted knowledge.

While the personal modification of pupils’ knowing is the essential charac-
teristic of the didactic situation, the latter also makes it necessary to recognize a
status for the knowledge brought to bear by the pupil in the situation. Actual
experience invariably confirms this when attempts are made to reduce teaching to
a series of such learning operations in situations. That necessity stems from both
pupil and teacher, or more exactly from the relationship which is theirs. They
need mutually to acknowledge and take note of learning, if only to be able subse-
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quently to re-use it in the course of the teaching process. This institutionalization
of learning is a necessary condition for a lasting didactic relationship (and not just
some form of compulsory lip service to the institution). Hence, some work has to
be done on context-stripping to permit cultural recognition of the knowledge
involved in the personal relations between pupil and situation, and to make it
possible to communicate this knowledge within the didactic relationship, just as
mathematicians do vis-a-vis their scientific community by means of the transpo-
sition process just described.

A shift is therefore effected in relation to genetic psychology. It is the
meaning of knowledge that becomes the issue at stake in mathematics teaching
and is studied by the researcher. This shift is a particularly interesting variant on
the whole cognitive issue. For didactics, to consider instituted knowledge is not to
overlook the knowing of the developing subject—knowing whose profoundly
epistemological significance has, we should never forget, been known since Piaget.
It is rather to look beyond, or before, such knowing, as the case may be, on
account of the fact that situations and practices will place the subject’s knowing
in a new relationship where it is possible to ‘meet the need to know’. This in no
way, as yet, prejudges the effective character of that meeting (Mercier, 1994).

The priority issue for the specialist in didactics is, then, the choice of situations
representing a body of knowledge. Which are those situations which bring about
a meeting with the necessity of knowing, over and above the will of the teacher
serving as the vector of the teaching project? Let there be no mistake about the
meaning of the expressions ‘meeting the necessity of knowing’ and ‘situations re-
flecting a body of knowledge’; they do not refer to empiricist or Platonic positions
conceiving of such knowledge as presented with the situation, or hidden in the
situation. They refer to a necessity linked to ‘practices’, or ‘games’, which are social
and which echo other practices and other games, in other places where knowledge
is built up. So it is that bodies of knowledge are transformed. Choosing situations
calls for experimental studies, and these are the concern of didactic research.

Problem-solving and didactic situations

One way of looking at the distinctiveness of the didactic situation is to try to
understand its role in problem-solving processes. Problem-solving provides inter-
esting food for thought in mathematics teaching to the extent that the
mathematician’s work is, essentially, problem-solving. Hence much effort goes into
teaching in order to transpose to pupils this type of activity that pertains to the
mathematician. Naturally, therefore, research on mathematics teaching has drawn
upon the aims and methods of the psychologists who study problem-solving. The
question is whether a problem area can be simply transferred from psychology to
didactics. The studies of Schoenfeld (1985), for example, provide an excellent
account of the general processes whereby pupils solving problems in mathematics
use and shape their knowledge in the face of a problem presented to them.

We still, it would seem, have to understand the role played by the actual
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situations in which pupils interact with the problem put to them, for that role is
undoubtedly decisive in teaching. An analysis of the situation becomes essential in
order to extend what is referred to as task analysis, seen as the sequel to the
thought operations or processes needed for solving the problem. Situation ana-
lysis considers the various possible relationships of the pupil with the problem, in
the light of the choices made in the prior organization of the teaching situation;
and indeed, those choices determine possible relationships. From the standpoint
of the pupils, this refers to their representation of the operational setting for their
knowledge, to such processing as they feel able to perform, and to the means of
checking the solutions they deduce from it.

What is the part played by this operational setting in the problem-solving
process, and how does it evolve as the solving proceeds? This operational setting
may be considered to serve as a means of monitoring the problem-solving.

The first type of monitoring is that which is internal to the subject. As
Blanchet (1994) writes:

Throughout the research the subject is attentive, checking and evaluating each element,
confirming particular starting-points and questioning other points. It is a dialectic between
action, representation and processing. It is the subject who oversees this dialectic, even if
not aware of all the factors influencing it, and even if chance may also operate (p. 57, our
emphasis.} [Translation.]

Among the factors influencing this cognitive monitoring, and with which research
in didactics is concerned in that it acts experimentally upon them, are checking
patterns derived this time from the situation: an a priori control, firstly, linked to
the transposition process, together with the choice of problems and situations
that refer to the social practices behind the production of mathematics.
Knowledge is primarily, as formulated by Chevallard, knowing in action: ‘Any
knowledge’, he wrote, ‘is for the actor knowing in action. All knowing is social
practice. Let us not be surprised then, if a particular mathematician wonders at
our giving the status of knowledge to mathematics, which for him or her is pri-
marily doing’ (1994, p. 176). That is the starting-point, as we have seen, for the
didactic transposition. The choices then made for the didactic staging of the si-
tuations are also means of acting upon the problem-solving process and
constituting the meaning of the knowledge; they are tested at the time of the
didactic creation of the subject-matter to be taught. Brousseau (1986) theorizes
about this staging of situations by means of situations calling for action, formu-
lation and validation, which tie in with the various functions of knowledge, and
by means of various didactic phenomena associated, for example, with the
epistemology of the teacher, or with the didactic contract (Brousseau, 1986;
Schubauer-Leoni, 1986).

In our first experimental attempts at understanding these external types of
monitoring said to act upon the pupils’ representations and processing, we have
managed to verify, by closely examining observation records, the part played by
some didactic phenomena in the problem-solving process (Brun and Conne, 1990).
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In distance-measuring situations, we observed how social measuring practices, such
as the familiar use of a graduated ruler or of a double metre rule, interfered with the
pupils’ knowing of measurement in the problem-solving process. We were then able
to understand how a ‘breach of contract’ in the situation confronting the pupils
affected them by depriving them of their customary benchmarks in measuring
exercises. That breach of contract influenced the problem-solving process,
sometimes hindering and sometimes assisting the functioning of pupils’ knowing of
measurement. Indeed, it should not be supposed that these didactic phenomena do
nothing but hamper an ostensibly bona fide problem-solving activity.

Didactics research prompts a rethinking of particular aspects of the general
models describing the regular sequences of problem-solving mechanisms that
operate in a pupil proficient in such problem-solving. Didactic phenomena may
interfere with these mechanisms and complicate the model. We see this as
emblematic of the conditions presented by the situation to this particular
problem-solver, namely, the pupil interacting with a problem in class. This opens
up a whole field of research which, with this choice of problem area, tends
towards the construction of experimental didactic situations characterized by
mathematical objects of knowledge, rather than towards drilling pupils in the
hope of endowing them with general expertise in problem-solving.

Notes

1. From now on in this paper, we will use the concept of knowing (connaisance) when
referring to the subject of our own deep knowledge, and the concept of knowledge
(savoir) when referring either to the subject’s situated knowledge when encountering
the situation or to the instituted knowledge as it defines the structure of the situation
itself. From this point of view, both situated and instituted knowledges reflect each
other when the child masters the situation.
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PIAGET, THE MECHANISMS OF DEVELOPMENT AND SCHOOL LEARNING

SITUATED RATIONALISM:

THE BIOLOGICAL AND CULTURAL

FOUNDATIONS FOR LEARNING

Lauren B. Resnick

In this article, I examine the relations between two lines of thinking—each com-
manding increasing attention among psychologists and social scientists—that
appear to be contradictory. The first, a position I term conceptual rationalism,
seeks biological foundations for specific concepts that are central and, perhaps,
universal in human development. The second, a position that has come to be
known as situated cognition, argues that knowledge is acquired in and attuned to
specific social and historical situations and that conceptual development can be
understood only in terms of the situational contexts of action. I argue here that
the rationalist and situationist views, far from being contradictory, share impor-
tant epistemological assumptions and can—perhaps must—be combined to
provide a theory of cognitive development and functioning. I develop a view of
learning and development that I call ‘situated rationalism’, illustrate it with some
examples from mathematics and science learning, and consider its implications
for education.
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Conceptual rationalism:
biological preparedness for learning

In recent years, there has been a reassertion of interest in the biological basis of
human learning and thinking (e.g. Gelman & Carey, 1991; Hirschfeld & Gelman,
1994). This new line of thinking grows out of research on language development,
concept development in infancy and early childhood, and animal cognition and
learning. The core proposal of those pursuing this line of thinking is that there
exists a set of biological constraints on learning and cognitive development. This
hypothesis leads to a search for evidence that certain aspects of knowledge,
although learned in the sense that interaction with the environment over time is
required, are nevertheless biologically preferred or ‘prepared’. These highly speci-
fic prepared schemas or skeletal structures are the foundation for the development
of mature knowledge by individuals. The argument is, roughly, that each species
is specialized for certain forms of knowledge. This biologically preferred know-
ledge is tuned to the adaptive requirements of the species. It prepares the young of
the species to enter productively into the situations they are most likely to
encounter as they grow and to learn from behaving in those situations. Until
recently it was most frequently employed as a theory of language acquisition. The
argument for biological or ‘hard-wired’ structures that guide and constrain
infants as they interpret their earliest experience is now being put forth for basic
mathematical, physical and social concepts as well.

Following philosophical traditions, this can usefully be termed a rationalist
position; it is reflected in the epistemologies of Plato and Kant, for example.
Rationalists differ from associationists and other empiricists not only in postula-
ting a biological basis for specific knowledge, but also in postulating wholes—sets
of relationships that accumulate to something more than the sum of their parts—
as the fundamental units of cognition. This is captured in the notion of a
schema—an organizing ‘design’ that superimposes a structure on the pieces.
Among the great rationalists who had something to say about education and lear-
ning were Wertheimer, for whom the organizing designs were perceptual gestalts,
and Piaget, for whom the organizing designs were logical structures.

I call today’s rationalists ‘conceptual rationalists’, because they are more
interested in conceptual than in either perceptual or purely logical foundations for
thinking. Conceptual rationalists claim that biological preparation is highly
domain specific, that infants are biologically prepared to take advantage of very
specific affording features of the environment. They believe that the preparedness
of the species reaches beyond perceptions (supposedly minimally processed reco-
gnitions—cf. Neisser, 1976). They are interested in preparedness for reasoning
about number and quantity; for concepts of causality; for notions of weighted-
ness, movement and rigidity; and for basic psychological and social ideas. These
are among the concepts that Piaget studied in his early work, but he later empha-
sized the much broader logico-deductive structures that he claimed underlie
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individuals’ developing capacities to reason and learn. Yet Piaget was certainly a
rationalist in his argument that humans are biologically prepared to develop these
particular structures of reasoning.

My inclusion of Piaget among the great rationalists may be surprising to some
readers, because it is common to contrast Piaget’s constructivist theory of cognitive
development with more biologically determinist views. The famous debates between
Piaget and Chomsky (Piattelli-Palmarini, 1980), for example, are frequently used to
illustrate this distinction between ‘inherent’ language structures as laid out by
Chomsky and Piaget’s psychogenetic theory of conceptual development.

But, like Piaget, today’s conceptual rationalists do not claim that hard-wired
concepts simply mature. Rather, for the biological endowment to be realized, par-
ticular environmental conditions must be met. Prepared structures do not
substitute for learning but rather make learning possible by constraining and gui-
ding attention, so that, from among the many stimuli children encounter, they
select for attention those that will support the formation of particular concepts.
Conceptual rationalism is a theory that says children can teach themselves if the
right kinds of affordances are present in their environments. Children appear to
choose for themselves the kind of stimuli to attend to and to engage in forms of
practice that eventually establish a stable and useful concept. Learning and deve-
lopment occur when individuals prepared for certain concepts encounter
environments with the kinds of affordances they need to elaborate these prepared
structures.

Today’s conceptual rationalists, focused as they are on identifying the speci-
fic skeletal knowledge structures, may not use the language of constructivism. But
their theories of self-teaching constrained by guiding skeletal structures are gene-
rally coherent with Piaget’s constructivist stance. Like Piaget, the conceptual
rationalists are relatively uninterested in individual differences or cultural varia-
tions in development. The prepared concepts they study are thought to be
universal for the species. And, like Piaget, they give relatively little attention to
social processes, although these are admitted as part of the environmental sur-
round that allows children to elaborate their prepared schemas. Furthermore, like
Piaget, conceptual rationalists are focused exclusively on individual learning and
cognitive development. In their theories, the biologically prepared structures that
they study are carried by each individual member of the species, and each indivi-
dual must interact with the environment to produce personal elaborations of the
prepared structures.

Situated cognition: socio-cultural preparedness

The rationalist focus on the biologically-endowed individual contrasts sharply
with an alternative view that cognition and, therefore, learning are inherently
social. The term ‘situated cognition’ has come to refer to a loose collection of
theories and perspectives that propose a contextualized and social view of the
nature of thinking and learning. Students of situated cognition take as a starting
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point the distributed nature of cognitive activity—the fact that, under normal cir-
cumstances, mental activity involves social co-ordination. Getting a job done and
figuring something out are almost always done in co-ordination with others.
What makes an individual competent is not just what he or she knows, but also
how his or her knowledge fits in with that of others with whom activity must be
co-ordinated. Furthermore, activity is often shared with tools (e.g. Hutchins,
1991) and even with the everyday physical material about which people reason
(Lave, 1988). There is, thus, a distribution of cognitive work not only among
people but also between people and tools. Being competent means being able to
use particular tools in particular ways.

Tools themselves embody a portion of the intelligence that is needed to
accomplish tasks. The distributed nature of competent performance means that
competence is highly situation specific. One must be good at behaving in a parti-
cular situation, with particular tools and with particular other people. The
situated cognition perspective, then, tends to lead away from a search for general
structures of knowledge and toward the study of specific environments for cogni-
tive activity and the knowledge attuned to those environments. At the same time,
it stresses the social nature of cognitive activity and cognitive development.

In the situated cognition view, the social invisibly pervades even situations
that appear to consist of individuals engaged in private cognitive activity. Social
construals of the situation (e.g. What are the rules of the game? Who is in charge?
What are the stakes?) influence the nature and course of thinking. And the tools
of thought (ranging from external memory devices and measuring instruments to
tables of arithmetic conversions and dictionaries, thesauruses, and maps) embody
a culture’s intellectual history. Tools have theories built into them, and users
accept these theories—albeit often unknowingly—when they use these tools. This
point is made dramatically by Latour (1987) in his constructed account of the
process of challenging a scientific conclusion. Like biologically prepared struc-
tures, the tools that one uses not only enable thought and intellectual progress but
also constrain and limit the range of what can be thought. In these invisible ways,
the history of a culture, an inherently social history, is carried into each individual
act of cognition (Cole, 1985).

Theories, implicit and explicit, both enable and constrain thinking, just as
physical tools do. This observation has become commonplace in cognitive scien-
ce. What individuals reason about, the knowledge they bring to a cognitive task,
provides the interpretive frames or schemas that allow reasoning and problem-
solving to proceed. These beliefs, individuals’ schemas for reasoning, are not
purely individual constructions. Instead, they are heavily influenced by the kinds
of beliefs and reasoning schemas available in the individuals’ surrounding culture.

Not only theories but even ways of reasoning are themselves socially deter-
mined. Cognitive tools also include the forms of reasoning and argumentation
that are accepted as normative in given cultures. Both Mead (1934) and Vygotsky
(1978) proposed that mechanisms of thought are best conceived as internaliza-
tions of behaviours first engaged in externally, interacting with others. Mead
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called thought a ‘conversation with the generalized other’, implying that, when
we think individually, we attempt to respond—internally and vicariously—to the
imagined responses of others to our ideas and arguments. Vygotsky’s central
claim was that to understand individual psychological development it is necessary
to understand the system of social relations in which the individual lives and
grows. This system is itself a product of generations of development over time, so
that the individual is, in effect, historically situated, an heir to a long cultural
development. Primary among the tools that, for Vygotsky, are each individual’s
patrimony is language, which mediates all thinking (cf. Wertsch, 1985).

Situated cognition and rationalism:
incomplete accounts of human thought
and learning

Conceptual rationalists and situated-learning theorists can each assemble convincing
evidence in support of their views. Each appears, within its own terms, to offer a
coherent account of human intellectual development. But each maintains its coheren-
ce by limiting the range of questions it is willing to address. Conceptual rationalists
search for concepts that appear to be universal and focus their attention on the ear-
liest emergence of these concepts. There is little attention to the varied forms that
adult knowledge might take or to how more particular culturally mediated knowled-
ge might develop out of biologically prepared structures.

Situationists, on the other hand, are interested in the ways that culture, history
and immediate social contexts shape cognitive activity. They are very interested in
different cultural systems of knowledge. They offer theories—such as Vygotsky’s—of
how participation in particular forms of social activity leads to personal cognitive
competence. But these socio-historical theories of cognition have little or nothing to
say about the contributions that the individual might make to development. They do
not consider either the biological starting point of development—that is, the
constraints that biological endowment might place on the directions of socially sha-
ped cognitive development—or the complex ways in which individually constructed
concepts might come into play in socially shared cognition.

On the whole, today’s students of situated cognition are more interested in
mapping details of how people co-ordinate cognitive activity in particular social
and tool situations than they are in accounting for personal structures of know-
ledge. A problem within situated cognition theory is that the individual seems to
disappear. Individual competence is replaced by social and institutional forms of
behaviour. Individual knowledge and skill—characteristics of individuals that can
be carried with them from one situation to another—are replaced by emergent
cognition that belongs to no one and disappears when the moment of emergence
has passed.
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Situated rationalism:
learning as tuning of prepared structures

The contrasts just drawn suggest that neither situated cognition nor conceptual
rationalism can by themselves offer a very complete account of human learning,
competence or performance. The two together, however, may be able to do what
neither appears able to do alone: to provide an account of how individuals learn
both the universal concepts for which they appear to be biologically prepared and
the much greater variety of culturally specific knowledge and ways of acting that
characterize mature people. My proposal for such a theoretical joining—which I
call ‘situated rationalism’—can be viewed as either re-introducing the individual
into a radical theory of situated cognition or introducing the social into a theory
of biological constraints on individual learning. The basic idea is, first, to expand
the notion of prepared structures to include those that are socially prepared and,
then, to suggest how the prepared structures brought into the situation by partici-
pating individuals might function to produce contextually specific learning and
socially distributed cognition.

Conceptual rationalists argue that learning occurs when prepared structures
are elaborated in the course of interaction with the environment. The prepared
structures direct and constrain attention to particular environmental features that
will support elaborations of particular concepts. They render the individual sensi-
tive to particular affordances of situations. It is an easy extension to think of
structures resulting from past engagements in culturally specific situations as simi-
larly constraining the way in which individuals enter new situations. Once in a
situation of engagement with the environment, prepared structures are modified
and elaborated by that engagement. Engagement in a situation thus modifies the
structures that prepare one for the next situation. It is this process of elaboration
that we call learning.

The work of conceptual rationalists has focused on those elaborations that
result in relatively permanent new structures, that is, those that will turn out to be
tuned to the affordances of many future situations over an extended period of
time. The situated-rationalist argument calls for just a slight shift in perspective,
one that in no way challenges the underlying argument of learning on the basis of
elaborating prepared structures. It suggests that, in each situation of engagement,
what is actually elaborated is only what is needed to act successfully in that parti-
cular situation. The new conceptual elaborations are ‘general’ or permanent only
to the extent that future situations afford their use. On any particular occasion,
one attunes one’s behaviour and, thus, one’s knowledge to the demands of the
occasion.

Learning, for the situated rationalist, is a matter of tuning to one’s immedia-
te situation, of becoming good in the situation in which one practices. The
situation is inclusively defined. It refers to everything in the physical surroundings
and the material used; to the social, institutional and personal purposes at play;
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to the other people engaged; and to the language used. In short, much of what is
traditionally viewed as context for learning is viewed in a theory of situated prac-
tice as an essential part of learning and, thus, of what is learned.

The heart of the argument, then, is that learning is a matter of passing
through successive situations in which the individual becomes competent.
Individuals develop this situated competence in each situation on the basis of
their prepared structures. These prepared structures have both biological and
socio-cultural roots, with the biological predominating in the earliest months and
years and the socio-cultural taking increasing control thereafter as each indivi-
dual’s personal history of situations grows and initial biologically prepared
structures are successively modified. (See Gardner, 1991, and Johnson, 1987, for
convincing arguments that earlier, more purely biologically based schemas do not
wholly disappear from adults.)

The learning processes are the same, whether the prepared structures are, in
a given instance, primarily biological or primarily socio-cultural. In fact, because
socialization into a culture begins at birth, there is probably no instance thereaf-
ter that can be categorized as purely biological or purely socio-cultural in its
preparation. In each new situation, learning is a matter of beginning to act in the
environment on the basis of the particular affordances of that environment.
One’s initial actions are either successful or not. If they are dramatically unsuc-
cessful, that is, if there is no match at all between one’s prepared structures and
the affordances of the environment, the most likely response is to leave the envi-
ronment, either physically, if possible, or by ‘tuning out’ when actual physical
departure is not possible. If the match is complete, there is no need for learning.
One just acts.

But if the match is partial—enough to keep one engaged, but not enough to
provide a ready-made set of actions—a process of tuning to the affordances of the
environment sets in. This tuning is what I mean by learning. It produces an ability
to act ‘perfectly’ in the environment. But, because it is a tuning process, it results
in a specifically situated competence. The competence developed will not be
perfect for any other specific environment. An effort to specify the mechanisms of
tuning would reach beyond what either situated cognition or conceptual rational-
ism has attempted to study until now. Connectionist models of cognition
(Rumelhart, McClelland & the PDP Research Group, 1986), however, suggest a
metaphor, at least, for what the process might be like. In connectionist models, a
cognitive system learns by spreading activation across multiple nodes simulta-
neously. No single node embodies meaning or knowledge; rather, meaning is
emergent, the result of on-going activity in the network. The state of the network
(its nodes, the strength and directionality of its links) at the beginning of an epi-
sode interacts with new stimuli in the situation to produce a particular pattern of
activity. This activity can be thought of as the tuning process. It produces a
change in the network. The changed network will react somewhat differently—
even to similar stimuli—at the start of the next episode and will again tune itself,
in a more or less continuous cycle of situation-specific learning.
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From skeletal structures to scientific concepts

I want to show now how the idea of situated rationalism plays out in two well-
studied knowledge domains. I will not explore personal histories or describe
details of the tuning process, because the necessary research—macro-longitudinal
and micro-longitudinal combined—has not been much pursued until now. But it
is possible, on the basis of an assembled body of research, to lay out some plau-
sible hypotheses about the relations between biologically prepared and culturally
elaborated knowledge structures in different domains.

There are, logically and empirically, at least two kinds of relations between
biologically prepared and culturally elaborated structures of knowledge:
¢ The culturally accepted forms may be coherent with biologically prepared

structures. For example, certain core concepts of number and algebra can be

developed by elaboration of basic principles of counting, plus knowledge
about physical material, that there is reason to believe are among the biolo-
gically prepared structures available to all human infants.

e Culturally accepted or scientific concepts may contradict beliefs that are roo-
ted in biologically prepared structures. This appears to be the case for many
concepts in physics, where the contradictions give rise to systematic ‘miscon-
ceptions’ and difficulties in learning scientific concepts. It may also be the
case for certain mathematical concepts, such as fractions or proportions.

The nature of learning can be expected to be quite different for cultural concepts
that are coherent with biologically prepared structures than for those that are
contradictory. At the very least, we should expect to find differences between the
two in simple ease of learning. Such differences would be reflected in the ages at
which children in a given society acquire the cultural concepts of interest; in the
ways in which knowledge of and mastery of the concepts are distributed in the
population; and in the extent to which mastery of the concepts appears to depend
on formal instruction. For the concepts used as examples here, all three of these
indicators distinguish well between the coherent and the contradictory. Non-
Newtonian forms of thinking about the physical world predominate among all
but the best educated; formal physics is learned relatively late, primarily in formal
institutions of instruction, and with considerable difficulty by most students. By
contrast, core mathematical concepts that are derivable from knowledge about
counting and physical material are learned easily, young and by nearly everyone
who participates in any kind of market economy.

The examples I have mentioned from physics and mathematics are prototype
cases, instances in which enough research has been done to make it clear whether we
are dealing with a coherent or a contradictory relationship between the prepared and
the culturally elaborated. In other instances, it is not clear what kind of transforma-
tion—whether an elaboration of a biologically prepared concept or its replacement
by a new idea—must take place to reach a culturally accepted concept. For many of
the most important learned concepts, a mixture of coherent and contradictory rela-
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tions with several different prepared structures is likely. To explore the question of
relations between culturally elaborated and prepared structures, however, it is useful
to focus attention first on these clean, prototypical domains.

Additive composition of positive integers:
origins of algebraic principles
in biologically prepared structures

Much of elementary arithmetic has as its conceptual base the fact that all numbers
are additive compositions of other numbers. This compositional character of num-
bers provides an intuitive basis for understanding fundamental properties of the
number system. These properties include commutativity and associativity of addi-
tion, equivalence classes of addition pairs (additive composition), complementarity
of addition and subtraction (additive inverse), and certain rules of distribution.
Children appreciate these properties at a surprisingly young age, as shown primari-
ly by studies of their invented arithmetic performances (see Resnick, 1986, for a
summary of this research). Challenged to solve problems for which they have no
ready algorithms, children invent procedures that can be shown to apply implicitly
these principles. Similar reasoning takes place among minimally schooled adults
carrying out arithmetic tasks as part of their daily work (e.g. Schliemann & Acioly,
1989). Together, these two lines of research point to a body of mathematical
knowledge that appears to be easily and, probably, universally acquired. I show in
the next section how a pair of algebraic principles might plausibly be elaborations
of early biologically prepared structures.

Commutativity and associativity

Commutativity and associativity are distinct properties in number theory, but
children appear to understand them as a single permission to combine numbers in
any order. For example, here are the words of a child (7 years, 7 months) who
considered this permission self-evident. He was asked to add 45 and 11 and then
immediately afterward 11 and 45. He simply repeated his first answer and said,
‘They’re the same numbers, so they have to equal the same thing.” (Resnick,
1986, p. 166). A more sophisticated implicit application of commutativity and
associativity was shown by Resnick and Omanson (1987) among second and
third graders. Using a mixture of reaction time and interview data, they showed
that several children added problems such as 23 + 8 by decomposing 23, yielding
(20 + 3) + 8, and then reconfiguring the problem to (20 + 8) + 3. Because (20 + 8)
could be recombined to 28 very quickly on the basis of place value knowledge,
this allowed the children to apply a simple counting-on solution: ‘twenty-eight ...
twenty-nine, thirty, thirty-one.’

Two sets of skeletal structures seem to provide the biological foundations
for learning commutativity and associativity. One of these, the structures under-
lying the rules for counting and numerical quantification, has been extensively
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analyzed by Rochel Gelman and her colleagues (Gelman & Gallistel, 1978). The
second, a proto-quantitative part/whole schema, is one of a set of structures for
reasoning qualitatively about amounts of physical material that have been hypo-
thesized by Resnick & Greeno (1992; Resnick, 1992). Although the necessary
research on infants and very young children has not yet been done, we can plausi-
bly hypothesize a skeletal structure that helps children develop understanding of
how the physical material around them comes apart and recombines. Such a
structure would specify that material amounts are additive. That is, one can cut a
quantity into pieces that, taken together, equal the original quantity. Or, one can
put two quantities together to make a bigger quantity and then join that bigger
quantity with yet another in a form of hierarchical additivity. This proto-quanti-
tative knowledge allows children to make judgments about the relations between
parts and wholes. Children know, for example, that a whole cake is bigger than
any of its pieces. They also know that the order in which sets of candies or sweets
of different colours are poured into a bag does not change the total amount of
available (Irwin, 1996). This latter knowledge about order is the basis for an
early understanding of commutativity and associativity that can be expressed in
the form of proto-quantitative equations:

(1) Partl + Part2 = Part2 + Partl

(2) (Partl + Part2) + Part3 = Partl + (Part2 + Part3)

Knowledge of counting principles and of the proto-quantitative part/whole sche-
ma appears initially to interact very little in children’s thinking. That is, young
children will count in order to determine how many in a set, but they do not
usually think spontaneously of using counting to solve problems involving com-
positions or decompositions of sets. It apparently requires some social
provocation—informal teaching, if you will—to get children to combine their
counting and their part/whole knowledge structures. When they do, however, a
new prepared structure results, which can be labelled a quantified part/whole
schema. This schema allows children to use counting and numbers to reason
more precisely about amounts of physical material. They can now specify by how
many a set is increased, for example, or exactly how much is left when a set of
nine items is broken up into parts and three items are removed.

All of the relationships between wholes and parts that were present in the
proto-quantitative schema are maintained in the new, quantified version. But now
the relations apply to specific quantified amounts of material. As a result, children
can now reason using quantified equations, such as:

(3) 4apples + 7apples = 7apples + 4apples

(4) (3apples + Sapples) + 4apples = 3apples + (5apples + 4apples)

Although numbers play a role in these quantified equations, they function at this
stage as adjectives, that is, as terms that describe the properties of the quantities
of material being physically or mentally manipulated. Eventually, however, num-
bers begin to take on a life of their own. They become objects in their own right,
mathematical entities that can be reasoned about. When this happens, the same
basic part/whole schema can organize knowledge about relations among numbers
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themselves. The commutativity and associativity principles now apply not to phy-
sical material but to mentally constructed mathematical entities:

(5)4+7=7+4

(6)(3+5)+4=3+(5+4)
A final step in the elaboration of the part/whole schema is its extension to num-
bers in general, rather than specific numbers. At this point, children understand
that commutativity and associativity are always true for addition, no matter what
the numbers. Thus:

(7)n+m=m+n

8)(n+m)+p=n+(m+p)
In this sequence, the relational structure of the original proto-quantitative equa-
tion (the ‘skeletal structure’) is maintained throughout, but the knowledge
structure is elaborated by successive changes in the objects (first, unquantified
stuff, then counted sets, then specific numbers, then numbers in general) that are
related. The algebraic forms of reasoning and representation are socio-culturally
transmitted tools of thought that enable and constrain individual elaborations.

The Newtonian laws of motion:
cultural forms that contradict
biologically prepared structures

In contrast to basic number concepts, certain scientific laws of physics seem to
call on people to replace rather than elaborate their prepared structures for inter-
preting the motion of objects. A substantial body of research now documents the
surprising difficulty that even well- educated people have in learning some of the
basic Newtonian laws of motion (see, for example, Halloun & Hestenes, 1985;
McCloskey, 1983; Viennot, 1979). During the early years of research on naive
conceptions, organized alternative theories—often thought to parallel those of
classical and medieval physicists—were attributed to students. In the past few
years, the dominant view has been that students’ spontaneous conceptions should
not be characterized as systematic theories but rather as collections of ad hoc
explanations. In the most extensive and radical reanalysis, diSessa (1993) has clai-
med that there is no single organizing principle or set of principles that gives rise
to naive explanations of physics. Instead, these explanations are constructed out
of a set of phenomenological primitives that are called on in response to specific
situations. Some of diSessa’s primitives are recognizable as the kinds of beliefs
about objects and motion that students of infant cognition (e.g. Carey & Spelke,
1994) have been documenting for extremely young children. Presumably—
although diSessa does not discuss their origin—they are rooted in skeletal
structures that prepare infants to learn from interaction with the physical world.
In this actual physical world, motions die away naturally, keeping an object in
motion requires exertion of effort, and vertical and horizontal motions are expe-
rienced differently.

Another kind of analysis (Nersessian & Resnick, 1989) suggests that,
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although particular explanations may be local and ad hoc, as diSessa and others
claim, certain fundamental presuppositions underlie and constrain naive explana-
tions of physics. People are not aware of having these commitments and do not
normally articulate them, even under the kind of intensive probing that is often
carried on in studies of physics conceptions. Indeed, precisely because they are
presuppositional, taken for granted, they are powerful assimilators of new data
and may create serious epistemological obstacles (Bachelard, 1980) to learning
scientific concepts that require new ontologies (cf. Carey & Spelke, 1994).

I consider here two implicit presuppositions that could well be grounded in
biologically prepared structures and that together can account for most of the evi-
dence that has been collected on misconceptions about projectile and free-fall
motion. Nersessian and Resnick (1989) have mapped findings in the research lite-
rature about naive conceptions of physics to an epistemological analysis of the
historical shift in physics to Newtonian inertial theory. Our analysis identifies two
presuppositions shared by pre-Newtonian scientists and today’s naive physics
thinkers. One, which we term the stasis presupposition, selects some situations as
requiring explanations and others as natural and, therefore, not needing to be
explained. The second, which can be termed the agency presupposition, sets crite-
ria for an acceptable explanation.

The stasis presupposition specifies that being at rest is a natural state of
objects. This means that an object at rest does not require an explanation. It just
is. Motion, by contrast, is a change in state and, as such, requires an explanation.
Our analysis suggests that typical naive conceptions of projectile and free-fall
motion are all based on an implicit presupposition that motion requires an expla-
nation. In their presupposition that motion requires an explanation, naive
thinkers about physics are like pre-Newtonian scientists. Aristotle, Burridan, and
even Galileo in the early part of his career, thought of motion as a process. It was
distinct from rest, which they thought of as a state. Their ontology, like modern
students’, thus contained two separate categories: states and processes; rest and
motion fell into different categories. In Newtonian inertial physics, however, uni-
form linear motion is incorporated into the state category. Change in motion
(acceleration), but not motion itself, is considered a process. To construct a
Newtonian explanation, then, requires overturning a fundamental, early belief,
one that is plausibly rooted in bodily experience (cf. Johnson, 1987) of the diffe-
rence between rest and exertion.

This basic physical experience would also give rise to the presupposition of
agency. Naive physics thinkers appear to believe that explanations of physical
events such as motion must include specification of a mechanism. They look for a
causal agent that makes an event occur. This fits nicely with what we are learning
about biologically prepared structures for causal reasoning. It contrasts sharply,
however, with the structure of scientific explanations in physics since Newton.
Scientific physics accepts as primary explanations expressions of mathematical
relations among formally defined entities. The constraint equations that express
physical laws do not specify agencies. Force, for example, increases just because
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mass or acceleration increases and not because mass or acceleration is an agent of
change.

The definition of motion as a change in state and the requirement that expla-
nations include causal agents are not articulated by subjects; neither is the
relationship between change and the need for explanation. These implicit defini-
tions and presuppositions must be inferred from the general pattern of responses
in preconceptions research. A good example of how preconceptions might derive
from the stasis and agency presuppositions lies in the common belief that motion
implies force.

Every study of naive conceptions of physics reports some variant of a belief
that, if an object is in motion, there must be a force acting on the object. This
belief fits naturally with the presupposition that motion requires explanation, and
with the assumption that an explanation must specify a causal agent. If motion
must be explained and if explanations require causal agents, a limited number of
possibilities exist.

If one believes that there must be an agent of change when there is motion,
one will probably look first for external agents: pushes, pulls, shoves, all kinds of
direct mechanical actions of one body on another. The situations typically posed
to students in naive physics studies, however, are ones in which an object is
moving without any current external force acting on it. In these situations, the
only possibility is that the agent must be inside the object. This leads to the fre-
quently expressed conception that a force of some kind is stored inside the
moving object. This idea is expressed by subjects in various terms, some borro-
wed from scientific language (energy, inertia, force, even potential force) and
some borrowed from distinctly everyday language (oomph, power).

Consider now the possible biologically prepared structures that might give
rise to these beliefs. The infant’s responsiveness to information about external
agents of motion has been documented by Carey and Spelke (1994) and others.
Furthermore, the infant’s experience of bodily expenditure of energy and observa-
tion of its relation to observed results in the world could plausibly be interpreted
by skeletal structures that produce a concept of internal energy-producing
motion. Thus, the documented naive physics conceptions could well be elabora-
tions of biologically prepared structures. These would have to be replaced in
order to adopt a Newtonian scientific perspective.

Situated rationalism and education

The distinction between concepts that are coherent with biologically prepared
structures and those that contradict them suggests the need for two different
approaches to teaching and instruction. For coherent concepts, ‘teaching’ is large-
ly a process of helping children elaborate their initial, biologically guided
concepts into particular cultural forms. It is more a matter of guided exposure to
new opportunities for using concepts than of directly telling them about new
ideas, although experience with a culture’s conceptual language and tools must be
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considered a key part of this exposure (cf. Resnick & Greeno, 1992). Most edu-
cators who espouse a ‘constructivist’ philosophy—a clear majority today—are, I
believe, acting on an implicit assumption that what children already know as they
enter an instructional situation is coherent with the new concepts to be learned.
On this assumption, it is reasonable to conclude that the children’s own cognitive
constructions will move without much resistance toward the culturally accepted
forms to which they are exposed.

In the case of cultural knowledge that contradicts biologically preferred
concepts, however, education must follow a different path: still constructivist in
the sense that simple telling will not work, but much less dependent on untutored
discovery and exploration. For these contradictory concepts, ways of helping chil-
dren replace rather than elaborate initial beliefs need to be found. We have not
yet discovered very good ways of doing this. In physics education, for example,
where the phenomenon of resistance to scientific concepts has been recognized for
some time, an early idea was that confronting students empirically with the inade-
quacy of their initial concepts would stimulate rejection of the old and openness
to new ideas. This has not worked very well. Students mostly find ways of reinter-
preting the empirical data to fit their initial conceptions (Champagne, Klopfer, &
Anderson, 1980; Johsua & Dupin, 1987). Even when they accept the inadequacy
of their initial ideas, physical experience and data do not directly suggest new,
scientific concepts. Some researchers have experimented with the use of analo-
gies—usually embodied in special physical models—as a way of teaching the new
concepts. Their reported successes (e.g. Brown & Clement, 1989; Sayeki, Ueno &
Nagasaka, 1991; White, 1992) have always involved very large investments of
time (for students and teachers alike) for learning very limited concepts. In ano-
ther proposed approach (Chi, 1992; Chi & VanLehn, 1991; Ohlsson, 1992),
students would be directly taught certain core scientific concepts and then guided
through a process of applying those concepts to many cases. The idea is that stu-
dents might at first apply the concepts rather mechanically but would eventually
come to believe in them because they yielded intellectual power. At that point,
but not earlier, it might be profitable to pit the new concepts against the initial,
biologically rooted ones. This attractive idea still requires empirical testing.

Beyond the problems involved in teaching specific concepts, the situated
rationalist view of learning and development suggests some new perspectives on
traditional problems in education. In particular, individual differences and trans-
fer, both central constructs in educational psychology, can be usefully
reconstrued. Both of these constructs have been classically defined in terms of
bundles of relatively stable skills. Over the decades, debate has focused on how to
describe these skills and how they bundle together. The situated rationalist frame-
work suggests that, instead of decontextualized skills, it would be helpful to think
of personal histories as the important determinants of the way individuals will act
in a particular situation.

When individuals move from situation to situation, they carry histories of
prior experience with them. These are histories of ways of behaving. They include
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the elaborated knowledge structures, along with affective and social propensities,
developed in the course of tuning to prior situations. The way one enters a new
situation is influenced by one’s history of past situations. Situations experienced
as similar to a past situation will initially evoke—not necessarily consciously—
ways of behaving that developed through practice and tuning in the previous
situation. If these ways of behaving work—that is, if they result in successful
behaviour in the new situation—they will be further practiced and elaborated. On
this analysis, ‘transfer’ would be a case in which a prepared structure and the new
situation’s affordances interact to produce a situated performance in accord with
what educators have defined as the ‘right’ response. Lack of transfer would be a
case in which affordances and prepared structures produce a tuned performance
not in accord with educators’ expectations.

Two features distinguish this notion of personal histories from traditional
views of transfer of skills and knowledge. First, what one carries with one to a new
situation is much more complex and organic than a collection of skills. It is a whole
set of dispositions, interpretations and representations that, together and interacti-
vely, produce an initial response. Second, one’s personal history is determinative
only as one enters the new situation. Thereafter, all of the people, tools and mate-
rial resources of the new situation shape a new situated practice. Cognition is
emergent in the situation and specific to it. Yet the individual is not lost, for he or
she leaves the encounter with a residue of preparation for the next situation.

The idea of personal histories as a way of thinking about individual diffe-
rences and transfer suggests that we might profitably think of education as an
effort to organize sequences of designed situations that are likely to prepare indi-
viduals to tune adaptively to the kinds of natural situations they will encounter
outside designated institutions of learning. Current formal education does this
very poorly (see Resnick, 1987). The special situation of the classroom—calling
for private rather than socially shared work and isolating mental activity from
engagement in the social and physical world—builds skills and knowledge that
allow students to function in school but often fail to transfer to the worlds of
work, civic and personal life. To change this thoughtfully and productively will
require a form of theory that is now largely absent from psychological thinking
and only loosely developed in other fields of social science: a theory of situations.
Such a theory would define the dimensions—social, cognitive and physical—of
situations with an eye to how activity in one situation might prepare individuals
to enter another. Developing such a theory, taking into account both biological
and social constraints on learning, represents a major challenge for those who
would apply the concepts of situated rationalism to education.
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PIAGET, THE MECHANISMS OF DEVELOPMENT AND SCHOOL LEARNING

LEARNING TO THINK

OR LEARNING TO MEMORIZE?

A CONSTRUCTIVIST REFORMULATION

OF AN OLD DILEMMA

Marcel Crahay

Do schools offer dead knowledge?

As long ago as 1929 A.N. Whitehead, in his work The aims of education, pointed
out how important it is to avoid weighing children down with ‘dead’ knowledge.
He wrote: ‘In training a child to activity of thought, above all things we must
beware of what I will call ‘inert ideas’—that is to say, ideas that are merely recei-
ved into the mind without being utilised, or tested, or thrown into fresh
combinations’ (p. 1-2). He was criticizing here the formalism of the most com-
mon teaching methods of the time, which equipped schoolchildren with
knowledge that they were incapable of using to solve everyday problems.

Going back even further, in a book entitled Talks to teachers on psychology
(1912), William James gave an example of ‘dead’ knowledge, drawn from class-
room observation:
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series of works entitled Agir et interagir a I’école maternelle, which are intended for tea-
chers and take a ‘Piagetian’ approach to pre-school education. While Professor Crahay’s
current interests cover all aspects of compulsory schooling, his main aim continues to be to

draw on the findings of genetic psychology so as to develop pedagogical methods that will
benefit all children.
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A friend of mine, visiting a school, was asked to examine a young class in geography.
Glancing at the book, she said: ‘Suppose you should dig a hole in the ground, hundreds of
feet deep, how should you find it at the bottom,— warmer or colder than on top ?” None
of the class replying, the teacher said: ‘I'm sure they know, but I think you don't ask the
question quite rightly. Let me try.” So, taking the book, she asked: ‘In what condition is the
interior of the globe?’ and received the immediate answer from half the class at once: ‘The
interior of the globe is in a condition of igneous fusion’.

More recently, Barnes (1976) and, subsequently, Bransford (1986) have taken up
the concept of ‘inert’ ideas, maintaining that most of the knowledge that we
acquire at school is alien to our own individual way of thinking. According to the
former, ‘School knowledge is the knowledge which someone else presents to us.
We partly grasp it, enough to answer the teacher’s questions, to do exercises, or
to answer examination questions, but it remains someone else’s knowledge, not
ours’ (p. 81). The same author goes on to point out that we need to distinguish
between knowledge transmitted by the school and knowledge that the individual
acquires through his own actions. The latter appears to be more solidly based and
more firmly assimilated by children, who use it to make sense of the events that
compose their daily lives.

Nowadays, the situation is still very much the same. Numerous studies on the
didactics of mathematics and physics show that students can correctly answer
questions that explicitly refer to the knowledge that they have been taught in school,
but that they cannot solve problems that involve making use of such knowledge.!
In the United States, wide-ranging studies of the effectiveness of school education
indicate that, despite an improvement in basic skills, the higher cognitive processes
are less easily learned (National Assessment of Educational Progress, 1981, quoted
by Glaser, 1986). Such studies emphasize the school’s inability to provide children
with the kind of knowledge that can be used to solve problems.

Should we acquire facts or learn to think?

Such studies surely call for some adjustment to our educational systems. But
how? The question needs to be answered carefully.

For some people the answer is obvious: we attach too much importance to
the acquisition of knowledge, and should place more emphasis on the development
of intellectual skills. That is the answer given in the document Les socles de com-
pétences dans Ienseignement fondamental et au premier degré de I'enseignement
secondaire [The foundations of skill acquisition in primary education and the first
level of secondary education], distributed in 1994 by the Ministry of Education of
the French Community of Belgium. It contains the following passage:

The purpose of education is to enable children to use what they learn at school outside the

framework of their courses or subjects. In fact, however, young people’s knowledge is very
compartmentalized: they know a lot, but the things they know are isolated, fragmented
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and separated from one another; [. . .] As a result, schools need to establish new priorities
and different strategies: more than ever, they need to go beyond the mere transmission of
knowledge and [. . .] give priority to teaching children how to live, how to think and how
to do things, taking account of their age, their ability to think in abstract terms, the
different ways in which they learn and the time necessary for the daily work of teaching.
This approach requires the explicit employment [. . .] of pedagogical strategies that will
encourage the progressive mastery by all children of transverse skills. These transverse

skills form the basis of learning and of personal, intellectual and vocational development
(p- 97).

Following on from this assessment, the report provides a long list of intellectual
procedures presented with no reference to any content.

When such views are the result of collective thinking, they reflect a certain
intellectual climate. In the world of education, the acquisition of knowledge is no
longer fashionable. That being the case, there is a great temptation to summon up
the old demons of formalism and revive the Manichaean opposition between
transmitting knowledge and teaching people how to think. It is presumably this
line of thought that has given rise to the techniques of cognitive educability, now
in vogue in some pedagogical circles: skill enrichment programmes (SEP), logical
reasoning workshops (LRW), Mialet’s Cubes, etc., not to mention the devices of
A. de la Garanderie (1982, 1984). These techniques postulate to varying degrees
that it is possible to train pupils in the cognitive skills that form the basis of our
mental processes. The content of the exercises proposed is largely irrelevant: what
is important are the underlying processes: categorization, comparison, reasoning,
etc. They can often seem rather abstract, with a strong logical connotation, like
general intelligence tests. The reduction of actual content to the minimum is inten-
ded, on the one hand, to avoid reminding the pupil of previous failures and, on the
other hand, to exercise cognitive abilities that can be applied to any complex task.

This idea is not new. The teaching of Latin has long been justified on the
grounds that it provides a form of intellectual gymnastics that will develop chil-
dren’s mental abilities. And some people have made the same claim for
mathematics or even information technology. Indeed, has not Montaigne’s pre-
cept ‘Better a thinking mind than a head stuffed with facts’ become part of
popular wisdom among his compatriots?

In L’évolution pédagogique en France [The development of educational
methods in France], Durkheim (1990) offers a well-judged critique of this famous
aphorism. In particular, he shows the extent to which Montaigne doubted the
capacity of pedagogy to form judgement, which he believed to be innate, in those
fortunate enough to be endowed with it. Thus, Durkheim points out that:

There are many well-known passages in which Montaigne compares the mind to a vase
into which knowledge is poured. Just as the shape of a vase does not depend on the liquid
that it contains, so the form of the mind is independent of the knowledge within it.
Knowledge cannot alter its form. Knowledge does not produce soundness of judgement,
and sound judgement can exist without any kind of knowledge (1990, p. 257).
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Montaigne’s Essays can hardly be regarded as a best-seller, and his works are
rarely read by teachers in their original form. If his remarks are often quoted it is
because they offer an apposite formulation of widely held views. One such view is
that it is possible to define intellectual processes independently of their content. In
fact the content is seen as a pretext, object or simply opportunity for developing
thought processes.

What we should do is to encourage educationists to go back to reading
Durkheim who, at the beginning of this century, asked questions which are still
relevant today and which provided answers that foreshadow the lessons of
contemporary psychology.

So, despite our former rejection of it, are we not coming back to formalist pedagogy? The
general aptitude to think, judge and reason is, it seems, a collection of completely formal
aptitudes that are independent of any specific subject-matter. So far, we have not even sta-
ted that secondary schools should teach this rather than that, this particular area of
positive knowledge rather than any other. Could it not be that the nature of such knowled-
ge and its importance are in our eyes secondary, indeed more or less immaterial, and that
our pedagogical ideal will therefore be strangely similar to the ideal pursued by the schools
of scholastic philosophy or the colleges of humanists? Might not our objective be to train
the mind in a general way rather to furnish it and feed it?

Not at all, since it is impossible to teach someone to think unless there is a specific
object to think about. We do not think in a vacuum. The mind is not an empty vessel that
can be shaped in just the same way we shape a glass and then fill it up afterwards. The
mind is made to think about things and it is by making it think about things that it is for-
med (1990, p. 364).

Here we have the key to this article. In our opinion, intellectual processes cannot
be defined independently of the knowledge or content to be mastered or the pro-
blems to be solved. More specifically still, there is no point in defining intellectual
processes or aptitudes which the pupils should have at their command, without
specifying the area of knowledge or situations in which this process should be
applied. Throughout this article we shall endeavour to follow in Durkheim’s
footsteps and endorse his views with arguments based on contemporary psycho-
logical research and, more specifically, on Piaget’s constructivist theory. In other
words, we shall endeavour to show that cognition cannot develop independently
of the contents to be handled or the knowledge to be built up.

The coaching of general thought processes:
a rationalist aberration!

Over the last ten to fifteen years, teaching programmes and school textbooks have
been devised in the United States of America with a view to encouraging pupils to
think, solve problems and develop the capacity to learn. Glaser (1986, p. 255-59)
distinguishes four kinds of curricula:
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— Programmes orientated towards processes (Whimbey & Lockhead, 1980;
Feuerstein, et al., 1980).

— Programmes which use familiar knowledge (Covington et al., 1974; De
Bono, 1985).

— Programmes which focus on the teaching of heuristic principles for problem-
solving in clearly structured areas (Rubinstein, 1979; Wickelgren, 1974).

— Programmes which are intended to stimulate logical thinking during the
acquisition of basic skills (Lipman, Sharp & Oscanyan, 1979).

According to Glaser:

In nearly all cases, these programmes are directed towards the teaching of general pro-
cesses—heuristic principles, methods of reasoning and of solving transferable
problems—which can be acquired. As for the contents, they involve either abstract tasks,
such as the solving of ‘puzzles’, or situations from real life. These programmes seek to
avoid the complex contents of most branches of learning. Indeed, the general view is that
the difficulties involved in understanding these contents would take up too much of the

resources needed to practice using and to acquire other processes of thought (1986,
p.259).

He concludes: ‘Underlying all this, undoubtedly, is a question of theory and of
knowledge of human thinking’ (ibid.).

In fact, it is easy to identify in such educational practices the mark of the
first cognitivist theories, which occupy an enormous place in the first generation
of studies on artificial intelligence (Al). Andler, who makes it clear that he does
not share this approach, explains:

The way in which cognitivism initially conceived of cognition may be stated as follows: the
cognitive system [. . .] is (or rather includes) an innate formal system which works on
representations: the latter are expressions of an internal formal language, and the system,
guided by formal rules, subjects them to calculable transformations, in which the form of
the expressions and of the rules is the only operative factor (1987, p. 8).

Further on (p. 11), the author presents Al in the form of an equation: Al = infe-
rence + testing + knowledge.

In this paradigm, inference and testing play an antagonistic but complemen-
tary role. Inference enables an initial cognitive state to be transformed into
another state. As for testing, it ‘plays a decisive role in preventing an explosion of
different combinations [. . .J’. In theory, any problem can be solved through the
application of a proper algorithm of operations. Unfortunately, since several dif-
ferent possibilities exist at each stage and since rather a large number of stages
has to be gone through in order to reach a solution, the number of operations
that the computer (or the brain) must examine becomes much too great for the
solution to be found by such means in a reasonable amount of time. In a game of
chess, the number of possible series of moves has been estimated at 10120, which
inspired Andler (1987, p. 12) to observe, humorously, that ‘if the largest, fastest-
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working computer had set out to decide on its first move at the time of the big
bang, it would still be a long way today from having reached a conclusion’.?
What is needed is therefore a heuristic approach, although heuristics, unlike an
algorithm, does not always lead to the right, or the best solution.

According to Lindsay and Norman:

The strategies used are more like empirical rules; they are tactics for seeking relatively easi-
ly applicable solutions and are often only chosen on the basis of their effectiveness in
solving problems encountered previously. Some of the most useful heuristics involve ‘brea-
king down a problem into subproblems’ and ‘seeking analogies’ (1980, p. 544).

Andler has something to say on this point too:

The need for a plentiful supply of highly structured knowledge has only gradually become
apparent. At the beginning Al hoped to bring intelligence out of the use of general pro-
blem-solving procedures. About 15 years later, however, it reached the conclusion that
most tasks, even those apparently requiring erudition, require a considerable amount of
specific information (1987, p. 12).

Despite this, classical cognitivist models, struggling with the question of the most
economic representation of knowledge, continue to see a base of knowledge as
independent of inference and of testing. It is hard not to be reminded by this divi-
sion of the rationalism of previous centuries and not to call to mind that old,
though still relevant remark by Paulus: ‘A closer look obliges us to agree with
Spearman’s view that although the faculties approach may lose all the battles, it
always wins the war’ (Paulus, 19635, p. 116).

However, it has to be recognized that the latest developments in cognitivism
and Al research would go beyond these theses. Thus, the most recent research on
problem-solving among experts and beginners has revealed the influence of struc-
tures of knowledge linked to a specific field, thereby repudiating previous studies
which emphasized the role of ‘pure’ and supposedly transferable problem-solving
techniques (Newell and Simon, 1972). In this connection, Minsky and Papert
(1974) examined the transition from an approach centred on a general capacity
for intelligent thinking to an approach centred on the basic knowledge that the
individual possesses. According to these authors:

the knowledge-based approach assumes that progress is achieved through a better way of
expressing, recognizing and employing varied and specialized forms of knowledge [. . .] In
fact, it is not all obvious that intelligent people display a higher level on their general
thought processes. Their intelligence may simply be a more profound understanding of
organizing knowledge (quoted by Glaser, 1986, p. 264).

Encouraged by this, Chi, Lesgold and Glaser (1985) carried out a series of studies
whose aim was to understand how experts solve problems that they encounter in
their particular field of study (physics, in particular mechanics and radiology) and
how their expertise is built up. Their performances were analysed around the
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focus of one central question: To what extent are the reasoning processes of
experts, as opposed to those of novices, determined by the way they organize
their basic knowledge? Empirical studies show that the beginner’s knowledge is
organized around specific objects, explicitly mentioned in the enunciation of the
problem, whereas the specialist’s knowledge is organized in terms of principles
and abstractions subsumed by those objects. These principles do not appear in the
enunciation of the problem, but are mobilized by the experts on the basis of their
knowledge of the particular field of study.

The difficulty that beginners experience in solving problems may thus be pri-
marily attributed to inadequate basic knowledge rather than to limited
intellectual capacities, e.g. inability to use heuristic strategies.

Recht and Leslie (1988) have also provided solid proof of the crucial role
played by specific knowledge in the process of understanding an item of informa-
tion. These researchers chose a group of good readers and a group of bad readers
at the same school level. They then gave them a test on their knowledge of base-
ball so as to identify within each of the two groups those who knew quite a lot
about baseball and those who knew very little. They then asked each student to
read a text of 625 words about a baseball game. Their level of understanding was
then assessed on the basis of three criteria: first of all, subjects had to reproduce
with the aid of figurines the main phases of the game and comment on them; they
then had to summarize the text and, finally, recall the twenty-two most important
phrases. The results of the experiment make it quite clear that a poor reader who
knows a lot about baseball is more likely to perform the tasks described above
successfully than a good reader who has no idea about the game. As Tardif
(1992) has pointed out, ‘It is the pupil’s specific knowledge that will determine
whether or not he can deal significantly with the information presented, and this
is equally true for reading, writing, mathematics and science’ (p. 231). On the
basis of these psychological facts Glaser has constructed a strong pedagogical
hypothesis:

The ability to solve problems, to understand and to learn has its roots in knowledge: the
individual will always try to understand and analyse new data on the basis of what he
already knows. It thus seems preferable to exercise learners’ ability to solve problems or to
correct mistakes of understanding in fields of knowledge that are familiar to them. The
ability to make inferences and to generate new information may be stimulated by first of
all encouraging pupils to draw upon their previous knowledge and then leading them gra-
dually to restructure and enlarge that knowledge (1986, p. 270-71).

PREVARICATION BY PIAGETIAN PEDAGOGUES
Certain critics will feel obliged to point out that the cognitivists had to go a very
long way round to rediscover what the Piagetians had been saying for years. The

writings of Duckworth (1972) and, subsequently, of Kamii and Devries already
warn against dissociating process from content.
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The desire to emphasize processes or ‘cognitive knowledge’ is a reflection—according to
these two authors—of mechanistic and/or empiricist postulates which view intelligence as
an information processing machine. The pedagogical application of such a view resembles
an attempt to add gears to the machine and to adjust the mechanism. Education can also
be seen as an unending series of improvements to a computer program enabling it to pro-
cess an infinite amount of information. One of our past mistakes as empiricists was to
believe that once a child had acquired a logico-mathematical structure, nothing else was
needed except to apply this logical mathematical machine to all sorts of objects. In fact,
[. . .] the structure does not exist independently of the content (Kamii and Devries, p. 24).}

It is interesting to recall that these lines were written at the height of the compen-
satory education movement. At that time, a number of English-speaking
researchers were involved in the planning of pre-school programmes in an
attempt to combat the socio-cultural handicaps said to afflict children of ethnic
minorities. Some teams such as Biber, Shapiro and Wickens (1971) used Piaget’s
theory as a basis for teaching programmes whose main aim was the development
of methods enabling children to learn to learn. These researchers obviously have
something in common with those, such as Feuerstein, et al. (1980) or Lipman,
Sharp and Oscanyan (1979), who advocate techniques of cognitive educability.
On the other hand, the position taken by Kamii and Devries (1978) lies at the
opposite extreme. But both claim to be following Piaget. Perhaps some clarifica-
tion is in order.

In Piaget’s work, it is the concept of the overall structure which appears to
cause the greatest controversy. Those who still accept this concept believe that a
subject who has displayed a mode of reasoning belonging to the operatory stage
in a particular situation has mastered the corresponding cognitive structure and,
consequently, he or she is assumed to be able to reproduce this form of reasoning
in other situations. In the same way, if a subject has used procedures belonging to
the pre-operatory level, we would be inclined to describe the subject as pre-opera-
tory and to consider that he or she is essentially using thought processes
characteristic of that level. To question the relevance of this inference would be to
question the validity, usefulness and necessity of the concept of the overall struc-
ture.

In 1977, Vergnaud drew attention to the dangers of over-hasty efforts to
define formal structures. He wrote:

In defining so many different operations solely in terms of algebraic structures or ad hoc
structures invented by him and then elaborated by logicians, Piaget acted hastily and
imprudently: in pursuing his ‘structuralist’ aims, he ignored a large number of different
forms of behaviour. If we examine children’s behaviour content by content and task by
task, we are led to doubt the usefulness of his description of children’s thought processes at
various stages in terms of general abstract structures’ (p. 110).

In short, according to Vergnaud, it is too early to try to describe development in
terms of a succession of overall structures.
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Similar remarks are made by Flavell (1982), for whom the definition of the
structures that characterize the stage of concrete operations and the stage of for-
mal operations is not sufficiently clear and coherent. Their meaning is not
absolutely clear and they do not appear to provide an accurate and complete des-
cription of different ways of thinking. Flavell also points out that the concept of
‘stage’ implies a certain uniformity of the forms of knowledge in a particular age-
group, and empirical studies are far from confirming this hypothesis. The studies
by Rieben, de Ribaupierre and Lautrey (1983) highlight the wide differences bet-
ween individual subjects who apparently belong to the concrete operatory stage.
This observation leads the authors to remark that ‘if there is heterogeneity, it
could mean that different forms of cognitive development exist’ (p. 178).* Much
the same conclusion is reached by J. Bideaud (1988), whose review of the studies
on mastery of inclusion and transitivity compelled him to recognize that these
two pillars of logical thinking are not constructed by children once and for all.
We must, therefore, accept the evidence as it stands: if we examine the logical
arguments and the empirical data in favour of the thesis and those arguments and
data which invalidate it, we are led to the conclusion that cognitive development
is far from being a fixed sequence of general stages.

The construction of a hierarchical system of different forms of knowledge
within a particular sector finds its main justification on the theoretical level. The
practical benefit of such an approach is, however, more obvious: an analysis of
the links between forms of knowledge may directly influence the organization of
learning. However, even within a particular area of knowledge, the development
of children’s abilities can seldom be described in terms of a single sequence
(Crahay and Delhaxhe, 1983). Increasingly, it seems reasonable to abandon the
unilinear view of the development of knowledge and to replace it by a multili-
near, contextual approach.

Neo-Piagetian theories have clearly moved in this direction. Thus, for
Fischer (1980), although development must be seen in terms of the elaboration
and increasing complexity of cognitive capacities, these different capacities are
most often generated independently of one another. More specifically, Fischer
believes that, in all fields of knowledge, development proceeds in levels.

Development is relatively continuous and gradual, and the person is never at the same level
for all skills. The development of skills must be induced by the environment, and only the
skills induced most consistently will typically be at the highest level that the individual is
capable of. Unevenness in development is therefore the rule, not the exception (p. 480).

In addition, Riegel (1976), quoted by Lefebvre-Pinard (1980, p. 61), has shown
that adults do not necessarily always use the most advanced level of cognitive
operations at their disposal, but tend rather to show flexibility in adjusting their
level of cognitive response to the nature and complexity of the situations or pro-
blems they encounter. In short, all these neo-Piagetian writers have seen fit to
abandon the original concept of stage in favour of a multilinear and contextual
view of development.
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This in no way contradicts the basic thesis of constructivism, but compels us—
in our opinion—to describe the general cognitive development of individuals in
terms of vectors of development rather than in terms of a succession of structural
states. This inevitably emphasizes certain features that are present in Piaget’s
writings. It was Piaget, in fact, who pointed out that the development of knowledge
takes the form of ‘decentration’ (that is to say, a gradual distancing from one’s own
perspective), increasing mobility and an enlargement and increasing complexity of
interactions with the environment.’ It is surely not insignificant that in one of his
last works (Piaget, 1975),° Piaget himself talks of a ‘complete revision’ and replaces
the term ‘equilibrium’ by that of ‘equilibration’, so as to indicate a process and not
just a succession of static forms of equilibrium. This new formulation represents a
much broader approach. In particular, the notion of increasing ‘equilibration’
enables us at the epistemological level to more fully integrate the always incomplete
nature of knowledge and, at the psychological level, to go beyond the idea that the
stage of formal operations represents the final phase of development.

Piaget’s thought has never stopped evolving. This has led Montangero
(1995) to distinguish four phases in Piaget’s work.” In its final version, the episte-
mological status of his theory takes on a much sharper focus, since it has become
clear that constructivism is more than a hierarchical systemization of knowledge,
but is above all a theory of how the child, in seeking to maximize his interactions
with his environment, constructs himself by integrating both the results and the
mechanisms of his thinking. This theory of the individual as the creator of know-
ledge should lead us to a pedagogical model where the acquisition of knowledge
is the fruit of a creative act, in which the child, confronted by problems of adap-
ting to his environment, is engaged in a process of actively constructing his own
way of thinking.

This attempt to redirect the focus on to the epistemological aspect means
that the acquisition of knowledge cannot be examined in isolation from the mobi-
lization of thought processes. More specifically, this assumes that, by encouraging
among each of his pupils a process of active thinking, the teacher encourages the
emergence of increasingly useful forms of knowledge. To put it yet another way,
two pedagogical implications can be drawn from this neo-Piagetian perspective
and can be expressed in the form of the following principles.

Principle 1. Educational activity should not seek to stimulate a process in isola-
tion from a content to be structured. Consequently, the planning of any
educational activity must begin with the definition of content, an aspect of
the real world, or a situation.

Principle 2. The content or the situation is more than a context that is conducive
to the stimulation of the process. The process only makes sense if it leads to
the creation of new knowledge that is increasingly closely adapted to the real
world. It is only on this condition that the process may be described as
constructive.

These two principles, drawn from Piagetian constructivism, need to be reconciled

with the pedagogical approach formulated by Glaser (1986), which derives from
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research into cognitive psychology. However, for followers of both contemporary
cognitivism and Piagetian constructivism, questions inevitably arise about tea-
ching methods. More specifically, we need to try to identify which practices are

likely to help pupils to construct dynamic knowledge that is applicable to real
situations/problems.

How to help pupils to construct
usable knowledge

LEARNING THROUGH SITUATIONS/PROBLEMS
TO CONSTRUCT USABLE KNOWLEDGE

It seems to us that many teachers are prisoners of a ‘top-down’ conception of the

relationship between knowledge and the application of this knowledge to a situa-

tion or problem. Many teachers believe that, as soon as the pupil has fully
understood the theory, he only needs to apply it so as to solve the problems put
to him. This conception is also to be found in the specialist literature. Thus, in

1974, Gagné suggested that teachers should plan their teaching in eight stages: (1)

motivation; (2) initial contact; (3) acquisition; (4) retention; (5) recall; (6) genera-

lization; (7) performance; (8) feedback.

Clearly, this pedagogical model separates the acquisition of knowledge from
its exploitation and places these two facets of learning in a sequential relation-
ship. The system of classification suggested by Bloom et al. (1956) also reflects
this zop-down approach. In particular, it assumes that many problems can be solved
through the application to particular cases of knowledge that has been acquired
and learned at an earlier stage. Similarly, the knowledge application linkage
implicitly contains the idea that the most general rules or principles must first be
mastered before they can be used in specific contexts. We have now been forced
to recognize, however, that knowledge of principles, rules and laws does not gua-
rantee that they will be properly used.

Studies carried out over the last decade on arithmetical problems are illumi-
nating here. It would seem reasonable to believe that once children master
addition and subtraction, they are able to solve all the problems that involve these
operations. This is not so. We now know that the difficulty of arithmetical pro-
blems is only very partially explained by the operations that need to be carried
out (addition, subtraction, multiplication and division) and by the size of the
figures involved. Among the more important factors that affect the ability of
young children to solve a problem are: the semantics of problems, the position of
the unknown factor and the formulation of the statement (Fayol, 1989). Riley,
Greeno and Heller (1983) identify four major semantic groups of problems:

1.  Problems of change (‘X had three marbles and Y gives him five. How many
marbles does X have now?’ or ‘X had five marbles and Y takes three away
from him. How many marbles does X have now?’). These problems always
involve a transformation as a result of addition or subtraction.
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2. Problems of combination (‘X has three marbles and Y has five. How many
marbles do they have together?’). These problems assume the combination
of two sets without any transformation.

3. Problems of comparison (‘X has three marbles and Y has five. How many
tewer marbles does X have than Y?’ or ‘How many more marbles does Y
have than X?’). These problems assume the ability to establish the numerical
difference between two separate quantities.

4. Problems of equalization (‘X has three marbles and Y has five. How many
more marbles does X need to have the same number as Y?’ or ‘What must Y
do to have the same number as X?’). These problems assume the ability to
both make a comparison and effect a transformation. In the above
examples, situations/problems that differ in their content are solved by using
an identical arithmetical procedure. Thus, subtraction is involved in pro-
blems of change, comparison and equalization. However, children find it
easier to handle the problems involving change than problems involving
comparison and equalization, and that remains true up to an advanced level
of schooling (third year of primary school). In other words, children are
capable of using subtraction in some situations but not in others.

The position of the unknown factor also affects the pupils’ performance. In pro-

blems involving change (x + y = n or x - y = n), the unknown factor may be the

initial quantity (x = before the transformation), the quantity that is added or
taken away (y) or the final quantity (# = after the transformation). In the transfor-
mations resulting from combination (x + y = n), it may be the final quantity (») or
one of the subsets (x or y). In general terms, finding the final state in problems
involving change and combination hardly presents any difficulties for children,
even at nursery school. On the other hand, identifying the initial state (for

example, ‘X had some marbles. Y gives him five. X now has eight. How many did

he start with?’) or one of the subsets in problems of combination (for example, ‘X

and Y have eight marbles together. X has three of them. How many does Y

have?’) presents enormous difficulties (Fayol, 1989).

Finally, studies carried out by Hudson (1983) show how the formulation of
the problem affects children’s performance. This American researcher studied
problems of comparison which assume the ability to establish the numerical diffe-
rence between two quantities. In this author’s view, the difficulty that children
have in solving these problems may be due to failure to understand the way the
problem is generally formulated rather than an inability to establish the numerical
difference between the two quantities. The traditional formulation of this kind of
problem contains comparative terms (more than, less than) which the young child
does not understand. In order to test his hypothesis, Hudson compared the per-
formances of children when the problem of comparison is presented in the most
usual formulation (‘How many more butterflies than flowers are there?’) with
their performance when the statement of the problem does not contain the com-
parative term (‘How many butterflies will not have flowers?’). The results show
that there is a clear difference in the success rate for these two formulations. From
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the age of five onwards, most children solve the problem correctly when it is put
to them in the ‘How many will not have?’ form. This experiment has also been
carried out in Belgium with the same results (Delhaxhe & Godenir, 1990).

All these studies show that the ability to solve mathematical problems is not
only a matter of applying formulas or arithmetical operations that have been lear-
ned beforehand. The pupil must, above all, be able to decode the
situation/problem: he will utilize a particular procedure on the basis of what
strikes him as significant in the way the problem is set out. Many writers now
believe the representation of the problem to be the phase that has the most critical
impact on the individual’s performance (Andre, 1986; Best, 1986; Gagné, 1985;
Glover, Ronning & Bruning, 1990; Newell & Simon, 1972; Voss, 1989). Thus,
for Gagné (1985),* this stage is decisive since it is the way the problem is repre-
sented that determines what particular skills the subject decides to activate in his
long-term memory in the search for solutions. Fayol (1989) and Resnick and Ford
(1981) are even more specific: the child represents the problem to himself by
interpreting the statement on the basis of his previous knowledge. Thus, Fayol
(1989) has observed that, when confronted with the arithmetical problems descri-
bed above, young children tend to simulate the actions described in the statement
of the problem. They reproduce the situation as it develops in actions. When the
problem can be stated in such a way that it can be easily expressed in exteriorized
or interiorized acts, then it can be solved without difficulty. On the other hand,
when the child cannot imagine the transactions of the problem, he will not apply
the correct procedure for solving it, even if he is capable of using it in other situa-
tions. As for Resnick and Ford (1981), they point out that:

The first step in any problem-solving situation is to build a representation of the problem;
that is, to notice features of the problem and encode them in such a way that they are
interpretable by the information-processing system. The information given in the problem
statement must be encoded in forms that match elements in the individual's knowledge
structure. This is what allows one's knowledge to be applied to the problem at hand
(p-214).

Brown, Collins and Duguid (1989) believe that teachers should radically re-exa-
mine the relations between knowing how to do something in theory and knowing
how to do it in practice. According to these authors:

The breach between learning and use, which is captured by the folk categories ‘know
what’ and ‘know how’, may well be a product of the structure and practices of our edu-
cation system. Many methods of didactic education assume a separation between knowing
and doing, treating knowledge as an integral, self-sufficient substance, theoretically inde-
pendent of the situations in which it is learned and used (p. 32).

According to these same authors, we should adopt a completely different position
according to which all knowledge is contextualized; they write:

On the contrary, we maintain that the situation and the activity through which knowledge

Prospects, vol. XX VI, no. 1, March 1996



68 Marcel Crabay

develops are not elements parallel to learning and understanding: they form a basic part of

them. One could even say today that learning and understanding are profoundly contex-
tualized.

Much the same point of view is put forward by Resnick and Klopfer (1989), who
believe that teaching will be that much more effective if it operates within a
context of tasks which actually exist in the world outside the classroom.
Likewise, Glaser (1986) writes: ‘Effective processes of thinking would appear to
derive from knowledge acquired in context, that is to say, from knowledge which
is not dissociated from the conditions and constraints affecting its application’
(p.268). In short, we need to encourage teaching through problem-solving since it
enables knowledge to be acquired in the context in which it is later to be used.

It would be wrong to claim that these conceptions are totally new. They can
be traced back to Dewey, who criticized the formalism of classroom teaching and
doubted the utility of knowledge acquired in the form of concepts. For him, the
decontextualized teaching of concepts and principles could only be justified on
condition that: ‘there will be transfer of training from the well-ordered and well-
labeled subjects to complex problem situations in which subject matter, as such,
loses its identity’ (in Beauchamp, 1957, p. 18).

SHOULD PRIORITY BE GIVEN TO TEACHING PROCEDURES?

Recent research in cognitive psychology has thrown new light on this important
question.’ It is not so much the distinction between declarative knowledge and
procedural knowledge which we find interesting, as the way in which contempo-
rary cognitivists understand the relations between them.

In his well-known work The architecture of cognition (1983), ]J. Anderson
took up the distinction introduced by the philosopher G. Ryle, who, in 1949, dis-
tinguished between two forms of knowledge: knowing that and knowing how. It
was also in that work that the American psychologist showed that it took only a
few minutes to memorize an item of declarative knowledge, whereas learning a
new procedure is a gradual process that often requires considerable effort. In
Anderson’s view, to convert one form of knowledge to the other is not easy
(1983). The proceduralization of declarative knowledge has recently been much
studied: through the regular application of our declarative knowledge we move
from the slow and conscious application of rules to increasingly automatic and
unconscious action. This process cannot be reduced to the mere application of
general rules in particular contexts; there is a genuine transformation from the
status of declarative knowledge into that of procedural knowledge. In other
words, there is a quasi-ontological difference between the two forms of know-
Jedge. While the former deals with the properties of things, the latter is closer to
plans of action or rules of production stored in the form ‘condition—action’ (if
A occurs, then so does B). The acquisition of procedural knowledge thus involves
establishing sequences of conditional actions, which allow certain tasks to be
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carried out in certain conditions. To read and understand a text, write a compo-
sition, spell, calculate, solve a problem and master a foreign language are all
abilities that depend on procedural knowledge.

By highlighting the crucial role played by procedures in cognitive functioning,
modern psychologists are encouraging a pedagogical revolution. As Coquin-Viennot
and Gaonach (1995) have pointed out, the notion of knowledge as an automatic
reflex is not terribly popular with teachers, who pride themselves on enabling
children to discover laws or concepts for themselves. For many of them, once
something is understood it has been learned. This is probably true of declarative
knowledge, but not of procedural knowledge, which requires exercise or, better still,
automatization. However, if, as is suggested by Brown, Collins and Duguid (1989),
and Resnick and Klopfer (1989), and earlier by Dewey (1963), we show a preference
for learning in practical situations, we run the risk of favouring procedural know-
ledge to the detriment of declarative knowledge. It is not difficult to identify the
question underlying these various lines of thinking: if, accepting the view of
contemporary cognitive psychology, we distinguish controlled processes which rest
on the interpretation of declarative knowledge from the automatic processes which
assume the utilization of procedural knowledge, we need to examine what place
should be allocated to each of them. In order to answer this important question we
must be fully aware of what is at stake and able clearly to define the advantages and
drawbacks of each mode of interaction with our environment.

It is now generally accepted that we need to distinguish between two kinds of
memory: long-term memory (LTM) and short-term memory or, rather, working
memory. While the former is a means of storing what has already been learned,
the latter acts as a means of processing all new information from the environment.
More specifically still, it is through the working memory that external inputs are
assimilated. It is also the working memory that integrates external inputs into the
structure formed by previous knowledge. It is also the working memory which
recovers knowledge stored in the LTM so as to generate the desired responses. To
sum up, it is the working memory which processes the information filtered through
the sensory receptors and the information stored in the long-term memory in the
light of the requirements of the task to be performed or, more specifically, in the
light of the way the subject represents that task to himself. It is also from this
centre that the orders are sent out to activate the generator of responses.

This ‘processing centre’ operates under two important limitations: the length
of time that information stored in the working memory is accessible and the
amount of information that it can handle at any one time. According to Murdock
(1961), and Peterson and Peterson (1959), items of information are only acces-
sible for about ten seconds and then disappear from the field of consciousness if
the subject does not recall them in one way or another. In other words, unless the
subject is constantly accessing an item of information, it will disappear from the
working memory. In addition, in a now-classic research study, Miller (1956) sho-
wed that the working memory can only hold 7 (+ 2) items of information. This
being the case, it seems clear that it can easily become blocked.
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How is information overloading to be avoided in the working memory?

Research has provided two answers to this question:

1. The working memory may process items of information of widely differing
dimensions. Thus, in teaching children to read, a ‘processing centre’ may be
occupied by a letter, a syllable, a word, a sentence or even a paragraph. In
other contexts it may be a concept or a group of concepts. In other words,
the working memory processes the items of information in the structured
form in which they are stored in the LTM. In such circumstances, it is imme-
diately apparent that the way the knowledge is organized is of great
importance: the more highly structured the items of knowledge are the less
space they will occupy in the working memory.

2. The LTM may directly control the generator of responses. However, this
occurs if, and only if, the knowledge has become totally automatic.
Otherwise the information stored in the LTM must pass through the wor-
king memory. The automatization of procedures has important advantages
for the cognitive functioning of a learner and of any individual who is see-
king to solve a problem: the more automatic processes an individual has at
his command, the more he is able to activate responses without overloading
the working memory.

The organization of knowledge and the automatization of processes are now

thought to be the two main distinguishing features of cognitive skills. The super-

iority of automatic processes over controlled processes is clearly shown by the

following table taken from Gaonach and Passerault (1995, p. 61):

TaBLE 1. Comparison of controlled and automatic processes

Controlled processes Automatic processes

are slow are rapid

difficult: they require an effort on the part simple

of the subject

inhibitive of other processes: their not inhibitive of other processes: they
activation hinders the operation of other operate independently of the limitations of
processes; thus, no parallel operation is cognitive resources; thus, parallel operation
possible. is possible.

it is possible to exercise control over the these processes cannot be restrained: they
operation of these processes, i.e., to cannot be stopped once the external
deliberately prevent them from occurring. conditions that set them in motion are met.

However, this synoptic table clearly shows the drawback in automatic pro-
cesses: they are carried out almost unconsciously, and errors may occur fairly
frequently. The research into the learning and use of algorithms of calculation is
illuminating in this context. It indicates that the systematic errors that occur are
mainly due to a kind of blind operation of the automatic processes: it is as if the
children were trying to solve problems without exercising any semantic control
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whatsoever over the processes or the results to which they lead. It is against this
background that we should understand the queries raised by Fayol (1989) on the

place of the training of elementary skills in building up basic mathematical abili-
ty. He writes that:

It is obvious that an increase in the speed and accuracy of replies—the objective of this
kind of training—may be particularly important for some kinds of activities, in particular
because our processing capacity is limited and thus the more attention is devoted to the
more elementary procedures, the less is available for handling more advanced activities.
The main question is not whether or not training for automatic processing is necessary—
the answer is obviously ‘yes’—but how to choose the best method, enabling the subject to
acquire accurate and rapidly accessible knowledge. The fact is that no one has so far
managed to solve this problem in a completely satisfactory way (p. 197).

In the same work, the writer suggests a possible line of approach:

Whenever we attempt to ‘set up’ a procedure that does not allow the subject any semantic
control over the operations that he is carrying out, we run the risk of leading him into sys-
tematic errors and, worse still, strengthening erroneous associative links. It thus seems
essential [. . .] that learning should take place in a meaningful context, even if subsequently
training is directed towards the acquisition of automatic responses (p. 146).

How can one encourage significant learning?

Piaget’s answer to this question is well-known. In his view, an object only has
significance in relation to the schemas of assimilation that the subject applies to it.
Thus, in his work Les ligisons analytiques et synthétiques dans les comportements
du sujet (1957b), he writes: ‘Broadly speaking, the significance that an object has
for a subject in a particular situation is the union or intersection or structure of
the schemas of actions that are applied to that object in that situation’ (p. 50).
This definition is supplemented in the following genetic epistemology study (La
lecture de 'expérience, 1958); ‘when an object is converted into a schema it
acquires one or more meanings and it is this attribution of meanings which
involves—even when it is the result of observation—a relatively complex system
of inferences’ (p. 59). In fact, this idea had already been developed in 1957 in
Epistémologie génétique et recherche psychologique, where he wrote: ‘the signifi-
cance of the result of the sequence of actions only depends on the meaning of
these actions themselves [. . .] or of their co-ordinations, and not on the proper-
ties of the objects’ (p. 33).

Much later, cognitive psychology has come to a very similar conclusion.
According to Marr (1982), the attribution of a meaning depends, on the one
hand, on the nature of the stimuli presented and, on the other hand, on the
learner’s previous knowledge. Generally speaking, both the Piagetian school and
contemporary cognitivists believe that unless a stimulus can be interpreted by the
subject in terms of his previous knowledge, it has no significance.
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We thus need to find out how often children can ‘make sense’ of the educa-
tional activities they are asked to carry out and, in addition, to know what effect
it has on them to be placed in teaching situations where they cannot apply their
own schemas of assimilation.

As far as the first of these problems is concerned, we know that, in general
terms, people find it quite difficult to identify, accept and envisage new and unfa-
miliar ways of reacting. More specifically, the history of ideas shows that the
modern concept of the child—as a being who has his own particular way of thin-
king—did not develop to any significant extent before the twentieth century. In
the past, children were regarded as ‘small adults’, differing only in the amount of
knowledge they were able to master. It was Piaget who showed that the way in
which children think is often different from the way adults think. Unfortunately it
seems that Piaget’s findings have still not been sufficiently widely accepted to
influence teaching efforts. More specifically, teachers still seem to over-estimate
the knowledge or cognitive abilities of their pupils and thus plan activities which
place them in difficult situations.

In the view of many pedagogues (Kamii & Devries, 1978; Kohlberg &
Mayer, 1972, etc.), teaching takes too little account of knowledge that the child
has already built up spontaneously. The most obvious example is the teaching of
reading. We often begin by identifying a letter to a child, associating a sound with
it and then making him practice writing the letter. Once the first letter has been
learned, we pass on to a second letter, and so on. Such a method assumes that the
child knows nothing about writing. In fact, however, during his first six years, a
child in our literate societies has many opportunities to come into contact with
writing: illustrated children’s books contain commentaries, his parents and his
teacher have read stories to him, he has watched his elder brothers and sisters
writing, etc. The child has thus already acquired his own ideas of the written
word from a multitude of experiences.

Ferreiro (1978) attempts to discover exactly what these ideas are. Using the
method of critical exploration dear to Piaget, she shows that all five-year-olds
clearly distinguish a drawing from writing. All are convinced that there is a rela-
tion between what is said and what is written. Initially, they think that only the
actual things or persons mentioned in the spoken sentence are written down.
Thus, in the sentence ‘John is playing with a ball’ only ‘John’ and ‘ball’ would be
written down. Subsequently, the same children realize that actions must also be
written down. In fact, children experience particular difficulties in explaining the
spaces between words. Some think that what is written between two blanks is a
unit of meaning (John/is playing/ball), while others wonder whether it might not
be a syllable.

Ferreiro’s research inevitably leads us to wonder what the child himself
regards as the purpose of reading after having been taught in a way which totally
ignores his initial impressions. In more general terms, we need to examine the
risks involved in using a teaching method that ignores the child’s spontaneously
acquired knowledge. In other words, what goes on in the child’s head when the
teacher explains an idea that is too complex for him to understand or, a second
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possibility, when the teacher introduces a cognitive process which is not compa-
tible with his ways of thinking?

For Furth and Wachs (1974), the answer is obvious: the child loses confi-
dence in his intellectual capacities; he learns to distrust the conclusions to which
his own reasoning leads him and finally comes to the conclusion that it is better
to avoid having his own ideas. Following the line of inquiry pursued by Giordan
and De Vecchi (1987), we might formulate a somewhat less pessimistic—at
least, on the face of it—hypothesis: the child builds up his knowledge through
contact with the real world and learns from the very beginning to draw on this
knowledge to solve everyday problems. In class, he learns to conceal his own
ideas and seeks to memorize the knowledge taught him without attempting to
connect it to knowledge acquired previously. Consequently, school knowledge
becomes a parallel system of knowledge of unquestionable validity since adults
are the source of such knowledge and it is they who require him to master it. It
is also a kind of knowledge needed to pass tests at school. However, the child
will not know how to use this knowledge in other circumstances, since it has
been taught to him without any context and with a total disregard for his pre-
vious knowledge. Thus, alongside his personal knowledge rooted in action, he
will store inert school knowledge which is unusable when it comes to solving
real problems.

It may well be that this state of affairs derives from the fact that the school
sees its task as being to ‘fill a void’. Consequently, it only places ‘formal’ know-
ledge alongside practical knowledge, when what it should be doing is to
transform vague and poorly articulated knowledge into more explicit and cohe-
rent knowledge. This same idea is put forward by Papert (1972) who criticizes
schools for organizing what he calls ‘dissociated learning’ when they should
encourage ‘syntonic learning’, i.e. learning that takes account of the child’s own
thought processes. At a more basic level, it seems important to us to go back to
the concepts of assimilation and accommodation. As Hatwell quite rightly poin-
ted out, as long ago as 1966: ‘assimilation occurs whenever the individual
incorporates the results of experience into his own personal framework of know-
ledge’ (p. 128). However, the process of assimilation involves more than simply
assigning a meaning to a situation; it contains a dynamic that generates the
construction of knowledge, since any successful assimilation naturally leads to
repetition (reproductive assimilation) which ensures the fixation and, to some
extent, the automatization of a schema that has been applied to good effect. In
fact, ‘since any schema has a tendency to reproduce itself, it incorporates any
object that is likely to act as a stimulant’ (Piaget, 1970, p. 35). Assimilation is the-
refore seen as a tendency towards generalization. This property is particularly
“fruitful’ since it encourages the enlargement of any given schema and, conse-
quently, of the class of objects that may be assimilated in it (Hatwell, 1966,
p.127-36). It is the failure of an attempt at assimilation which leads to adjust-
ments and accommodations, which, as Hatwell points out ‘only occur as a result
of a conscious effort on the part of the subject’ (1966, p. 127-36} and the creation
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of new forms of action or knowledge. Grafted onto the natural tendency towards

assimilation, these new processes are immediately inserted into the subject’s beha-

viour: they form part of the way he interacts with his environment and even help
to achieve new advances. It is an essential characteristic of the constructive pro-

cess that any new form of knowledge becomes an instrument of assimilation, i.e.

it is first of all repeated several times and then becomes a source of generalization

and of further progress.

The concepts of assimilation-accommodation are of crucial importance for
the teacher, since they explain in detail the various facets of the constructive pro-
gress that needs to be stimulated. In essence, the teacher’s task is, from a
constructivist point of view, to encourage the child’s capacity to assimilate and
transform. This can be expressed in more familiar terms as three didactic prin-
ciples which complement those set out above:

Principle 3. When something new is being taught, the teacher should ensure that
the children call up their previous knowledge to help in interpreting the new
situation put before them,

Principle 4. In the second stage of learning, he should ensure that the children are
given the opportunity to reproduce their new experience and to repeat it
often enough to ensure that the new process is stabilized and becomes auto-
matic.

Principle 5. In the third stage the teacher should ensure that the children are able
to use their new capacity in new situations that are slightly different from
the original context."

On the basis of their research with regard to arithmetical problems, researchers

such as De Corte and Verschaffel (1985), Fayol (1989) and Mayer (1981, 1985)

have come to a conclusion in line with this last principle when they stress how

important it is for teachers to present their pupils with the whole range of catego-
ries of problem that can be encountered. This recommendation arises from two
research findings:

— De Corte and Verschaffel (1985) have shown, on the basis of a sample of
primary classes in the Flemish Community in Belgium, that pupils are more
often presented with some kinds of problems than others. In fact, they found
no problems of combination being presented (see above).

—  Mayer (1981, 1985) has shown that the kinds of problems that most rarely
occur in books, or among the examples found in the pupils’ exercise books,
are also the ones with which the pupils deal least successfully.

These findings may be summarized as follows: when practising solving arithmetical

problems has been strictly confined to particular kinds of problems, the resulting

lack of diversity in the opportunities for learning presented to the pupils create a

serious risk that they will only be able to solve a narrow range of problems.
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The conceptualization and consequent
decontextualization of procedural knowledge

It was this process of assimilation-accommodation that struck Lawler (1981)
when he observed on a daily basis how his daughter Myriam dealt with the pro-
blems of addition in a non-school context. He also noticed that her capacity to
solve a particular problem depended on whether the operation involved money or
a more abstract concept. A more general conclusion reached by this American
researcher was that the cognitive behaviour of his daughter suggested the existen-
ce of micro-worlds, blocks of knowledge which can only be called up in very
specific circumstances.

This observation is not in itself exceptional. As has been pointed out several
times in the preceding discussion of the concept of overall structure, many resear-
chers have observed that a child may be able to mobilize an operatory kind of
reasoning in the initial situation, but unable to do so in a similar situation.
Lawler’s observations (1981) are interesting in that they show that this compart-
mentalization of knowledge cannot be laid at the door of an artificial approach to
the teaching. In other words, we need to recognize that even if we do as much as
possible to ensure that pupils learn in meaningful situations, they will not manage
to construct an overall system of knowledge which transcends particular situa-
tions and, consequently, the teacher will always be confronted with the need to
decontextualize knowledge.

This problem of the decontextualization of knowledge has been very clearly
posed by Fayol (1989) with regard to the learning of mathematics. He put it in
these words: ‘The most essential question is to know how the child makes the
transition from the accomplishment of localized, specific, unco-ordinated tasks
linked with various parameters to a generalized and, inevitably, more abstract
form of knowledge’ (p. 195). It is Fayol’s view—which we share—that the solu-
tion is to be found in following up the theoretical model suggested by Klahr
(1984). As successive experiences occur, the subject builds up a store of skills or,
more specifically, of declarative and procedural knowledge, each element of
which is appropriate to a particular class of situations. Either spontaneously or
when requested, he is able to carry out processes of analysis and thought on the
basis of observed regularities. Klahr speaks of ruminating about the efficacy of its
own processing. In fact, the subject would carry out what Piaget called reflective
abstractions,'! which would lead him to construct an increasingly general and
abstract system of knowledge.

The empirical and conceptual aspect of constructivism strikes us as particu-
larly valuable here, since we need to realize that teaching centred on
problem-solving gives priority to the successful accomplishment of tasks rather
than to comprehension.

The relationship between action (or rather the ability to deal successfully
with problems) and knowledge lies at the centre of Piaget’s theory. In fact, Piaget
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himself devoted two works to this topic: La prise de conscience (1974a) and
Réussir et comprendre (1974b). It is this latter work that offers the clearest expo-
sition of his theories. In the conclusion, he reminds his readers of his main
hypothesis, tested in many experiments with children of different ages: ‘Action
gives rise to autonomous knowledge (savoir-faire), which is only subsequently
conceptualized through conscious thinking’ (p. 232). In the same work, Piaget
notes that there is always a gap between successful accomplishment and unders-
tanding.

More fundamentally, it is clear, as far as Piaget is concerned, that the perfor-
mance of an intelligent action does not necessarily mean there is a conscious
awareness in the subject of the rules and anticipations he is applying. Moreover,
awareness of the way complex actions are co-ordinated internally is very seldom
simple. In most cases, there is conceptualization, that is to say, a reconstruction at
another level of the connections involved at the level of action. To put it even
more precisely, understanding means building up a structure of concepts such
that whatever happens at the level of action is seen as necessary. To attain this
level of explanation, where empirical observations are deduced from affirmations
taken as premises, we need to construct a model where the links of causality
applied in action are expressed as logical implications. As Piaget puts it, ‘unders-
tanding consists in identifying the reasoning behind things, while accomplishment
only involves using them to good effect’ (p. 242).

In L’équilibration des structures cognitives, which may well be regarded as
one of the fullest and best expositions of his ideas, Piaget (1975) distinguishes
between three kinds of equilibration. The first is the one referred to above, which
results from the dialectical relationship that necessarily exists between assimila-
tion and accommodation. The second involves the co-ordination of different
schemes dealing with the same reality. Finally, the third assumes that the subject
is attempting to construct an overall representation of a field of knowledge, but is
disconcerted by a particular case or a specific item of knowledge which does not
fit into the overall structure. Undoubtedly, however, too much importance has
been attached to the first form of equilibration and the necessary and deeply inte-
grative character of the two other forms has been too often forgotten.
Nowadays, they are seen as hypotheses that can help to understand how pupils
attempt to construct increasingly co-ordinated and integrated fields of knowled-
ge. From this strictly didactic point of view, they might lead the teacher to set up
situations which make pupils reflect on the nature of the skills that they are dra-
wing on to solve problems which they see as different from those with which
they have previously been confronted and, if necessary, to discover their common
structure. In short, pupils can only acquire a structure of knowledge which trans-
cends particular situations by dint of applying a considerable effort of reflective
abstraction to the areas of knowledge they have mastered. The role of the teacher
in this field is probably crucial. Here, as in the case of specific bodies of knowled-
ge, he should not forget that it is for the pupils themselves to construct this
overall structure.
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We come, therefore, to the final principle with didactic applications:
Principle 6. At a later stage of learning, the teacher will induce the pupils to ana-
lyse ways in which they deal with various problems, with a view to
identifying the invariants, i.e. the theoretical elements common to different
forms of action, etc. He will encourage pupils to be consistent in their efforts
to theorize about their approach to problems.
The didactic principles enunciated above would seem to encourage a return to the
central feature of Piaget’s theory: constructivism. They have no other aim than to
help pupils to be able to operate in a context in which cognitive skills are being
built up as tools. It is for the pupils themselves to refine, readjust and co-ordinate
them and also to reflect on them with a view to a more abstract (i.e. decontextua-
lized) conceptualization. Piaget’s work does not totally validate these principles,
which should be seen rather as useful lines of inquiry. It is to be hoped that in the
future, genuine pedagogical experiments can be designed for rigorous examina-
tion of the teaching methods likely to encourage pupils to construct practical
knowledge that they can activate to understand the world surrounding them and
which they are then able to readjust and conceptualize in response to any disequi-
libria that they encounter.

Notes
1. A work by Johsua and Dupin (1993) provides a useful review of research on didac-
tics.

2. The expression ‘Von Neumann’s bottleneck’ is used to describe this phenomenon.

3. Those interested in epistemology will have recognized here a process that is well
known in the history of science—ideas are discovered, then forgotten, and subse-
quently rediscovered again from another angle—but they will have some difficulty in
suppressing their doubts and anxieties: how many new pedagogical approaches have
ended up in the rationalist cul-de-sac which consists in thinking that it is possible to
develop transverse skills? Why have the conclusions of constructivist theory been so
comprehensively ignored? Epistemologists will wonder anxiously what fate is likely to
befall Glaser’s contribution in this field, since, although he fully legitimizes the deve-
lopment of specific knowledge, he places this process within a functional context that
is likely to be stifled by the intellectual formalism that traditionally reigns in schools.

4. For a more detailed examination of this question, see the article by Lautrey (1985).

5. Greater flexibility is also regarded as necessary by those who are engaged in intercul-
tural studies and who are seeking to combine a constructivist approach with an
attempt to identify cultural variations in modes of learning. In this context, it would
be both reasonable and helpful to take into account what Dasen (1973) calls ‘the
relativity of operatory structures’.

6. In his work written with Garcia and published posthumously, Piaget (1983) seeks—
significantly—to show that it is possible to reach the same conclusion by different
paths (p. 28-29). In a prior work also written with Garcia, Piaget (1971) agrees that
the child has only an occasional interest in ‘arranging or classifying things for the
sake of it’. He points out that ‘the general function of operations is to act on the real
world by building up frameworks and structures that will enable it to be assimilated’
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or understood. Thus, ‘the structure in question (in a particular problem) is a form,
and as such is constructed through the action taken by the subject to structure a
given content’ (p. 20-26). Transposed into the pedagogical context, this represents a
warning against the danger of learning concepts or mathematical structures indepen-
dently of any functional context. For Piaget, logico-mathematical structures
gradually become differentiated from their underlying contents. They only acquire a
psychological existence of their own when the subject has reached the formal stage
for a specific field of knowledge.

7. In his article Stades et différences, Lautrey (1985) describes the different stages in
Piaget’s thinking on this question of stages and the concept of overall structure.

8. It is worth noting in passing the extent to which the positions taken by Gagné chan-
ged between 1977 (the date of publication of The conditions of learning) and 1985
{(publication of The essential of learning for instruction). The same could be said of
Glaser. In fact, both of them have abandoned behaviourist positions in favour of a
cognitivist approach.

9. Writers aware of the evolution of psychological theory will have noticed that we
place references to Piaget’s work alongside the contributions of contemporary cogni-
tivism. That may appear surprising, since it is the fashion nowadays to contrast these
two conceptual systems. However, although aware of the dangers of excessive eclec-
ticism, we think it more helpful to try to combine these two currents of research. The
former seeks mainly to understand the process whereby knowledge is built up in an
epistemological context, while the latter is more geared to its use.

10.  Glaser {1986) makes proposals somewhat similar to these three principles in conclu-
ding his examination of the recent contributions of American cognitive psychology to
education.

11. According to Piaget himself (1961), reflective abstraction ‘consists in drawing from a
system of actions or operations at a lower level certain characteristics which are then
reflected (in the almost physical meaning of the term) onto actions or operations at
the higher level, since it is only possible to become aware of previous construction
processes through reconstruction at a new level’ (p. 203). In other words, ‘reflective
abstraction’ operates through reconstructions which transcend, and at the same time
integrate, previous constructions’ (p. 203).
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PIAGET, THE MECHANISMS OF DEVELOPMENT AND SCHOOL LEARNING

LEARNING—THE DRIVING FORCE

OF DEVELOPMENT

Ludmilla F. Obukhbhova

There are in psychology two fundamentally opposed conceptions of learning and
development: Piaget’s view and that of Vygotsky, for whom learning precedes
development. In accordance with his hypothesis of the ‘proximate development
zone’, mental development is measured in the light not only of the self-sufficiency
of the child’s activity, but also of its potential for co-operation with the adult.
According to Piaget, learning follows the spontaneous intellectual development of
the child and can be successful only to the extent that the experience of the child
is applied. In order to bring out his thinking more clearly, Piaget draws a distinc-
tion between two meanings of the notion of learning. Broadly speaking, the main
aim of learning as thus conceived would be to verify the passage from one deve-
lopment stage to the next through a study of the underlying mechanisms of the
acquisition of new knowledge. According to the psychologists of the Genevese
school, the learning experience is not only of importance for genetic psychology,
but may also be used in solving some difficult epistemological problems.

The mechanisms of learning

In Piaget’s system of genetic psychology, the acquisition of the principle of
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conservation (invariance, constancy) marks an important stage in the intellectual
development of the child. Conservation should be understood as meaning that an
object or a set of objects are acknowledged to be unaltered in their composition
or in any other physical parameter, whatever changes there may have been in
their shape or their external arrangement, provided that nothing has been remo-
ved or added. According to Piaget, acquisition of the principle of conservation is
the psychological criterion of the emergence of a fundamental logical characteris-
tic, viz. reversibility, testifying that the child has made the transition to a new
level of thought, the concrete-operational phase. It is also the necessary condition
for the child to form scientific ideas, which explains why it is of interest to analy-
se how the child arrives at an understanding of conservation, and upon what it is
based.

Scholars of many countries have tried to develop the notion of quantitative
invariance (conservation) and an understanding of the logical relations between
the part and the whole in the pre-school child.

In accordance with a hypothesis accepted by a number of psychologists, and
especially by Smedslund, the child may acquire the idea of conservation by obser-
ving the repetition of external confirmations. As has been experimentally verified,
confirmation through counting or weighing and through the reaction of the expe-
rimenter (favourable or unfavourable) produces the result that the child gradually
comes to compare physical quantities better and with greater precision, although
their logical relationships remain beyond his/her grasp. With learning of this type,
the child merely acquires empirical knowledge without appreciating a logical
principle. A further experimental conclusion is that learning based on the direct
method and outside confirmation or on simple training appears incapable of lea-
ding to real knowledge, although it is an all too widespread practice in education.

The experiments carried out by Morf in teaching the child to understand
class-inclusion relations led to verification of the hypothesis that the source of
logical operations is to be found in the co-ordination of the subject’s actions. In
order to induce the formation of a new logical structure, the experimenters
accepted as an exercise other operations that had already been mastered by the
subjects and were directly connected with the structure to be acquired. Such
training is in fact conducive to an understanding of the logical relationships and
speeds up the acquisition. Be that as it may, these experiments do not always
show clearly how the transition from the first operations to the others is effected,
why the subjects do not give the right answers to all the tests put to them, or why
those who are successful do not advance immediately through to the end.

Inhelder and his collaborators have verified the hypothesis that the main
condition for the formation of the logical principle of quantitative conservation is
indeed that a situation of conflict arises. The child finds himself/herself obliged to
relate the changes in the outward form of the object to its size in order to distin-
guish between the invariant parameter of the object and its non-essential variable
parameter. What is emphasized in this type of learning is the part played by the
situation with its apparent contradiction. This situation should lead the child to
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resolve the contradiction and, in the final analysis, to make the transition to the
higher thought stage. Not all the subjects in these experiments gave the right ans-
wers to all the tests put to them, but that is not surprising, given that rational
creation of a situation will not suffice for the development of true logical know-
ledge unless the child’s activity is organized.

It is another hypothesis of the Genevese psychologists (especially Perret-
Clermont) that the intellectual development of the child ought not to be envisaged
in a social vacuum, in the sense that it is a process that should be put back into
the context of social interaction. Succinctly, it is the social conflict and its resolu-
tion that stimulates development of the child’s cognitive abilities. The collective
action of a number of children is subordinated at a certain stage in development
to the resolution of their antagonisms, and the resolving of these socio-cognitive
conflicts leads to the emergence of new intellectual structures. According to this
interpretation, the formation of logical structures is limited, because the only way
to direct the development process is by bringing into play other pre-logical or
logical structures (minimal intellectual ability) previously acquired spontaneously.

Action and development

The facts noted during the progressive acquisition of intellectual operations and
ideas (Galperin) cast new light on the problem of the relationships between ‘lear-
ning and development’. We, for our part, study these new potentialities at one of
the clearest turning-points in the intellectual development of the child, namely at
the time of transition from late pre-school age to early school age.

Although Galperin, like Piaget, sees action as lying at the origin of the deve-
lopment of thought, their understanding of it differs.

According to Piaget’s theory, thought is a system of operations, in which the
operation is an action that has been transposed to the intellectual level, been sim-
plified, made reversible and co-ordinated with the others to form a whole that
constitutes a system. Piaget defines the action in terms of the level at which it is
carried out (internal, external), its mobility (irreversible, reversible) and its degree
of completion (it may be reduced, executed symbolically, or developed, realized
through real objects). Piaget, however, does not reveal either the psychological
mechanism of the action or its psychological structure, but merely emphasizes its
physical and logical aspects.

Galperin, on the other hand, distinguishes two basic components—orienta-
tion and execution—in each concrete action of the subject. The action that the
child has to master constitutes an objective process, the content of which is preas-
signed; the model of the action and of its product is an objective representation
and its plan also has an objective existence. These are the three essential elements
that maintain the orientation of the action and which, directly or indirectly, must
find their expression in it, because it is the psychological mechanism that impels
the action, and it is upon its content that the success and general quality of the
action naturally depends.
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The subject’s action is thus characterized by a complex interaction of orien-
tation and execution, which does not in itself suffice to account for it. This
remark applies in particular to Piaget, who does not envisage anything in the
action other than its execution—or, to be more precise, he treats it globally,
without distinguishing between the psychological and the concrete content.
Consequently, he does not see any possible interpretation of the development of
the action other than its conformity to formal logical structures, and does not elu-
cidate the strictly psychological mechanism of the action.

This difference of outlook on action leads to other differences regarding
thought, its formation, and the stages and mechanisms of its development.

Measurement and conservation

Arising from our analysis of the ways in which children of pre-school age solved
problems of conservation, we concluded that their replies and characteristics stem
from the fact that the child perceives the different properties of the object, but
does not separate them, and forms an ‘overall’ assessment of it in accordance
with some particular dominant character. The reason for this, moreover, is that
the child has no way of making the transition from direct assessment of orders of
magnitude to their measurement and assessment from the results. That is why cal-
culation carried out by a child does not always fulfil its purposes. Having counted
objects, the child does not draw a conclusion from the result, and will even forget
the number on encountering an image that specifically suggests something else.
The idea of measurement, which arises spontaneously and is the tool that basical-
ly serves to establish the invariance of a dimension when the outward
configuration is modified, is scarcely developed at all in pre-school-age children.

A distinction must be drawn between measurement as a means of distingui-
shing between the parameters of an object and taking one of them as a
starting-point to demonstrate its invariance, and another category of means used
to record and determine what has been measured. Because these indicators are
connected with measurement, they are a source of information on it which
enables the child to make a dimensional comparison that is already mathematical,
even if pre-numerical. We therefore adopted the initial hypothesis that it is pos-
sible to appreciate the size of an object in terms of the parameter being sought by
means of measurement and its indicators, and then to note the conservation of
the quantity in Piaget’s exercises.

In seeking to verify this hypothesis, we conducted an experiment with fifteen
pupils (5 and 6 years old) in a rural nursery school. Other researchers have since
repeatedly reconstructed the method by which the idea of conservation is formed
in pre-school-age children.

The experiment in question showed that none of these children understood
the principle of conservation: in making their judgements they referred only to
the external characteristics of the objects.

Attempts to introduce measurement along with Piagetian exercises ended in
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failure; the child succeeded in making the measurement, but failed to grasp the
significance of the result being guided by its direct image. As in the previous case,
the child estimated the dimension from the image, making a judgement that was
immediate and undifferentiated.

For example, we gave a child two bottles half-filled with lightly coloured
water. Using a small glass, the child had to measure the amount of water in each
bottle and establish that the content was four measures. The child said that the
amount of water was ‘the same’. The experimenter then stoppered one bottle and
turned it upside down. It was strikingly apparent that the water level was higher
in this bottle than in the other one. Despite the measurements previously made,
the child said that there were four measures in the bottle in the original position,
but ‘seven’ in the upside-down bottle. When we asked one subject why he
thought that this was so he replied ‘I reckoned up in my head’. In some instances
the children had made measurements and clearly remembered that three glasses of
water had been poured into each of the two bottles, but they could not bring
themselves to realize that there was the same amount of water in each. According
to them, the number of glasses was the same, but the amount of water was not. In
the end the correct answer was obtained from some children who had understood
from measuring that the quantity of water had been conserved in the bottles, but
it was extremely difficult to hold their attention on the measurement results. The
slightest change in the experimenter’s tone of voice when asking the child to
explain his reply led to a change of mind by the child. Following our explana-
tions, there were admittedly also subjects who quickly learned to turn to the
measurement results and to give correct replies. Even so, we were unable to esta-
blish why or how the transition had been made in those cases.

Clearly, what was firstly needed was to create a new mediate mode of
thought—at the external and then at the internal level—to reinforce it and only
subsequently to confront it with reality.

In order to teach the children how to compare sizes indirectly, we had to
devise problems that could be solved only by the use of measurement and auxi-
liary means. The act of learning how to carry out mediate evaluation of the
various parameters of an object was a three-stage operation.

We began with acquisition of the ability to use sizes by presenting the child
with cutouts stuck on a card in a random order. There were cutouts of two diffe-
rent types on each card, and the child had to say which were the most numerous.
Because the cutouts were stuck on the card it was impossible for the child to place
them side by side. As there were far more cutouts than the child could count, the
only way to solve the problem was by using indicators that children could handle
with ease. The experimenter gave each child a supply of solitaire counters and
rods. The child put, for example, a rod on each ‘fox’ and a counter on each
‘duck’. The effect was that rods made the child think of ‘foxes’ and counters of
‘ducks’. The experimenter then presented the child with a card on which were
two square boxes and a long row of double arrows. The child could put the
‘duck’ in the upper box and the ‘fox’ in the lower one, i.e. had to place the coun-
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ters reminiscent of ‘ducks’ in the upper row and the rods reminiscent of ‘foxes’ in
the lower one. Having established a one-to-one relationship, the child was able to
give the right answer to the question.

The second stage consisted of learning how to compare two objects by
means of a third. It is common knowledge that children like to take part in dis-
cussion on the direct comparison of two magnitudes, but we were setting up an
exercise in which direct comparison of the dimensions of the figurines was impos-
sible. In order to determine which of two glued-on cutouts (two keys, two carrots
etc.) was the larger, a third object had to be used—a strip of coloured paper—
which we showed the child how to handle. The child had to cut a length of this
strip that was exactly the length of one of the cutouts and then place it on the
other to see whether it was larger or smaller.

The comparison was confined to the dominant characteristic, because what
mattered initially was to teach the child the mediate estimation technique. This
third element isolates the parameter under consideration and indicates its size, but
it has the drawback of appearing to be in itself an independent concrete object,
rather than an instrument that transforms the measured size into a quantity. This
limitation makes comparison through a third element a special atypical measure-
ment case, It was for that reason that the following stage was devoted to teaching
the child how to make use of a clear and precise measurement. What the child
had to do on this occasion was to compare, for example, the length of two
‘stepped’ lines or two ‘paths’, using a small strip of paper on which the length
measured with markers was noted.

We also set up exercises involving volumes, areas and weights. In one, the
children were shown clearly how to proceed. What was required was to use a
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