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Social Constructivism and Mathematics Education:
Some Comments

Michael R. Matthews
University of New South Wales

Dennis Lomas in his essay on “Paul Ernest’s Application of Social Constructivism
to Mathematics and Mathematics Education” correctly indentifies Ernest as a major
proponent of social constructivism in mathematics education. Lomas’s essay is
quite circumscribed in its goals: he leaves aside whether Ernest has adequately, or
otherwise, interpreted the arguments of |. Lakatos, Ludwig Wittgenstein, and L.S.
Vygotsky that he appeals to to develop his philosophy of mathematics; and Lomas
declines to reflect on the more general relevance of social constructivism to
“mathematics, mathematics education, or education in general.” Lomas wishes to
focus upon Ernest’s account of mathematical objects, and to begin a critique of the
“social, political, and ethical consequences that [Ernest] draws from his position”
for the “great issues of freedom, justice, trust and fellowship.”

| propose in this commentary to first take a broader view of Ernest’s work,
locating his social constructivism on the larger canvas of constructivism in science
and mathematics education, and then follow Lomas’s more narrowed cohcerns.

THE WIDER PHILOSOPHICAL AND EDUCATIONAL FRAMEWORK OF ERNEST s WORK

Constructivism is undoubtedly a major theoretical influence in contemporary
science and mathematics education. Some would sdhérigjor influence. In its
postmodernist and deconstructionist form, it is a significant influence in literary,
artistic, history, and religious education. Constructivism seemingly fits in with, and
supports, a range of multicultural, feminist, and broadly reformist programs in
education. Although constructivism began as a theory of learning, it has progres-
sively expanded its dominion, becoming a theory of teaching, a theory of education,
atheory of the origin of ideas, and a theory of both personal knowledge and scientific
knowledge. Indeed constructivism has become education’s version of the “grand
unified theory.”

The range of constructivist concerns can be seen in the subheadings of a recent
science education article, where we are informed of: “A constructivist view of
learning,” “A constructivist view of teaching,” “A view of science,” “Aims of
science education,” “A constructivist view of curriculum,” and “A constructivist
view of curriculum development.The expanded purview of constructivism is also
apparentin the remarks of another constructivist that “this approach [constructivism]
holds promise for the pursuit of educational objectives other than those associated
exclusively with cognitive development...the constructivist point of view makes it
possible to develop a vision of the whole educational phenomena which is compre-
hensive and penetratingConsequently, as another constructivist informs us, “For
several years now, across the country [the United States], preservice and in-service
teachers have been considering constructivism as a referent for their philosophies of
education.” And constructivism is not just a theory about education, it is a theory
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about one of culture’s greatest and most enduring achievements, namely science. As
Michael Bentley says “Indeed as an epistemology, constructivism speaks to the
nature of science®”

For some, constructivism is even larger than a theory of learning, education and
science; itis almost a worldviewweltanschuungyvon Pépin, quoted above, goes
on to say that constructivism “also offers a global perspective on the meaning of the
human adventure, on the way human beings impart meaning to their whole existence
in order to survive and adagtWhile another constructivist writes:

To become a constructivist is to use constructivism as a referent for thoughts and actions.

Thatis to say when thinking or acting, beliefs associated with constructivism assume a higher

value than other beliefs. For a variety of reasons the process is nét easy.
Thus one problem posed for the appraisal of constructivism, for determining
whether it has been a help or hinderance in educational reform, is being clear about
what aspect of constructivism is being appraised: the learning theory, theory of
knowledge, pedagogical theory, theory of science, educational theory, or more all-
encompassing worldview. Frequently the different aspects are treated as a package
deal, whereby being a constructivist in learning theory is deemed to flow on to being
a constructivist in all the other areas, and being a constructivist in pedagogy is
deemed to imply a constructivist epistemology and educational theory. But these
aspects can all be separated and each can stand alone. Thomas Kuhn, for instance,
held, arguably, a constructivist theory of science yet was an advocate of anti-
constructivist pedagogySocrates might be seen to be a constructivist in pedagogy,
yet he was an anti-constructivist in his theory of knowledge. On the other hand, Ernst
Mach was a most vigorous champion of instrumentalist (constructivist?) views of
science, yet was quite didactic in his pedagogy.

Thus at least the following dimensions, or fields, of constructivism need to be
separated:
1. Constructivism as a theory of learning.
. Constructivism as a theory of teaching.
. Constructivism as a theory of education.
. Constructivism as a theory of cognition.
. Constructivism as a theory of personal knowledge.
. Constructivism as a theory of scientific knowledge.
7. Constructivism as a theory of ethics, politics, or worldview.

O OB~ WN

Cutting across these divisions is the fundamental distinction between constructivism
as a theory of meaning (a semantical theory) and constructivism as a theory of
knowledge (an epistemological theory). These categories are frequently, and erro-
neously, merged. To give an account of how meaning is generated, or how ideas are
formed, is not to give an account of the correctness of the ideas or propositions. Too
often in the research literature, studies of children’s beliefs are reported as studies
of “children’s knowledge.” There is a fundamental distinction, recognized since at
least Plato’s time, between belief and knowledge. When this distinction is lost sight
of, psychology and psychological investigation masquerade as epistemology and
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philosophical investigation. In each of the above seven fields of constructivist
research, one can firfmbth semantical and epistemological claims being made.

SCHOLARLY INFLUENCE

A former president of the U.S. National Association for Research in Science
Teaching (NARST) has said that “A unification of thinking, research, curriculum
development, and teacher education appears to now be occurring under the theme
of constructivism...there is a lack of polarized debatriother past president of
the same organization wrote that “there is a paradigm war waging in education.
Evidence of conflictis seenin nearly every facet of educational practice. ..[but] there
is evidence of widespread acceptance of alternatives to objectivism, one of which is
constructivism.*® A review of research in mathematics education notes that “In the
second half of the 1980s public statements urging the introduction of radical
constructivist ideas in school mathematics programs also began to assume band-
wagon proportions?

A 1990 bibliography produced at Leeds University, a major center of
constructivist research, listed over 1,000 wdfleinders Duit, at the Institute for
Science Education in Kiel, has been performing the Herculean task of keeping up-
to-date with research in this field, and in the early 1990s he estimated that there were
2,500 constructivist-inspired scholarly research articles in journals and antholo-
gies®Atthe end of the 1990s, that number could probably be quadrupled. A periodic
series of research conferences held at Cornell University under the guidance of
Joseph Novak reflects this same almost exponential growth of constructivist
scholarship. Sixty papers were presented at the first international conference in
1983, 160 papers were presented at the second conference in 1987, 300 at the third
conference in 1993, and about 250 at the fourth in 1995.

Additionally there have been scores of constructivist-inspired books and
anthologies in science and mathematics educétion.

CURRICULAR INFLUENCE

Constructivist influence has extended beyond just the research and scholarly
community: it has had an impact on a number of national curricular documents and
national education statements. Speaking of recent U.S. science and mathematics
education reforms, Catherine Twomey Fosnot has commented that “Most recent
reforms advocated by national professional groups are based on constructivism. For
example the National Council for Teachers of Mathematics...and...the National
Science Teachers AssociatiofiThe U.S. National Science Teachers Association
Standards for Teacher Preparation — standards according to which the value of
institutions” teacher education programs are to be evaluated — is replete with the
endorsement of constructivism.

Constructivism influenced the recently released U.S. National Science Educa-
tion Standards (NRC 1996). The 199eaft Standardsecognized that the history,
philosophy and sociology of science ought contribute to the formation of the science
curriculum. But when the contribution of philosophy of science was, in an Appen-
dix, elaborated, it turned out to lw®nstructivistphilosophy of science. After
dismissing a caricature of logical empiricism, the document endorses “A more
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contemporary approach, often called postmodernism [which] questions the objec-
tivity of observation and the truth of scientific knowledge.” It proceeds to state that
“science is a mental representation constructed by the individual,” and concludes,
in case there has been any doubt, that “The National Science Education Standards
are based on the postmodernist view of the nature of science.” Not surprisingly these
endorsements caused some scientific and philosophical eyebrows to be raised, and
sleeves to be rolled up.The Standarddbecame one of many battlefields in the
“Science Wars” that opened up in the final decades of the twentieth cé&ntury.

The revised 199Draft emergedsansthe Appendix, but its constructivist
content was not rejected, merely relocated (NRC 1994). Learning science was still
identified with “constructing personal meaning.” And the history of science was
seen in terms of the “changing commitments of scientists [which] forge change
commonly referred to as advances in science.” As one commentator, sympathetic to
constructivism, remarked: “even though the teanstructivisnis not used even
once inthe NSES, it is clear that individual constructivism...is the driving theory of
teaching and learning throughout the document...the theoretical underpinning of
the document is made to be invisibf And constructivist influence is not just
confined to the United States. The New Zealand National Science Curriculum is
heavily influenced by constructivist theories and id&almparable documents in
Spain, the United Kingdom, Israel, Australia, and Canada bear, to varying degrees,
the imprint of constructivist theory.

There seems little reason to argue with Peter Fensham, one of Australia’s
leading constructivists and science educators, when he claims that “The most
conspicuous psychological influence on curriculum thinking in science since 1980
has been the constructivist view of learnidgConstructivism is probabhemost
appropriate representativefaf de siecleeducational theory. It both captures, and
contributes to, the spirit of the times.

REVOLUTIONARY EXPECTATIONS

High hopes are held for constructivism, with two proponents in science
education saying that it “can serve as an alternative to the hunches, guesses, and
folklore that have guided our profession for over 100 yeaihe introductory
essay of a recent constructivist anthology announces that: “critical-constructivism’
stands in opposition to the unmitigated sociopolitical vaporousness only too fre-
qguently encountered nowaday?.Another leading advocate has, understatedly,
said: “If the theory of knowing that constructivism builds upon were adopted as a
working hypothesis, it could bring about some rather profound changes in the
general practice of educatioff.”

These comments resonate with a certain Manicheeism commonly found in
constructivist writing. There is a widespread sense that constructivism will lead
teachers, students and researchers out of the wilderness and into the educational
Promised Land; that one’s back can be turned on “sociopolitical vaporousness” and
emancipation achieved. There are goodies and baddies, and references to “warfare.”
Jeremy Kilpatrick, in his plenary address to a major international mathematics
education conference in 1987, criticized the insularity and fervor of constructivists,
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observing that constructivism was akin to waves of religious fundamentalism that
periodically sweep America. He said of constructivism that it has:

A siege mentality that seeks to spread the word to an uncomprehending, fallen world; a band

oftrue believers whose credo demands absolute faith and unquestioning commitment, whose

tolerance for debate is minimal, and who view compromise as sin; an apocalyptic vision that
governs all of life, answers all questions, and puts an end to &oubt.

And constructivism is understood as not just another flag to march behind; it is
not just an ideal, or purely normative theory, like, say Progressivism, but it purports
to give scientific guidance about human learning and the process of knowledge
production, and philosophical guidance about the epistemological status of what is
being learned, especially the nature of scientific and mathematical knowledge
claims. Constructivism is not just a banner flapping idly in the breeze, as Louis
Althusser once said of the role of Marxism in the French Communist Party and as
could be said of so many educational slogans. Rather constructivism is meant to
connect with the reality of human cognitive processes and thus guide effective
teaching and learning across the curriculum: in science, mathematics, literature,
religion, and history. Children are said to learn in a certain way, and what they learn
is said to be characterized in a certain way, and thus teaching, curriculum, and school
organization are all supposed to reflect these realities, not just hopes or aspirations.

AN EVIDENTIAL DILEMMA

However reality itself collapses into “my experience of reality” for many
constructivists just as it did for the classic empiricism of Berk&lRgality is in
principle beyond anyone’s cognitive grasp. Antonio Bettencourt is just one of many
constructivists who say “constructivism, like idealism, maintains that we are
cognitively isolated from the nature of reality....Our knowledge is, at best, a
mapping of transformations allowed by that realfThus, there is an intractable
“Evidential Dilemma” for constructivists: they wish to appeal to the nature of
cognitive realities (learning processes) and epistemological realities (especially the
history of science and mathematics) to support their pedagogical, curricular, and
epistemological proposals. Thus one researcher who champions “sociotransformative
constructivism” (STC), and who supports the position with a study of 18 students in
a secondary science methods class, is impelled to remark that:

Note that by using the terempirical evidencd am not taking a realist or empiricist stance,

nor any other Western orientation. | use the term “empirical evidence” with the understand-

ing that knowledge is socially constructed and always partial. By “empirical evidence” |

mean that information was systematically gathered and exposed to a variety of methodology

checks. Hence in this study | do not pretend to capture the real world of the research

participants (realism), nor do | pretend to capture their experiential world (empiricism).

What | do attempt is to provide spaces where the participants’ voices and subjectivities are

represented along with my own voice and subjectivifies.

That constructivists suffer this “evidential dilemma” or “evidential discomfort”
in not surprising. As a prominent constructivist in mathematics education has
written:

Put into simple terms, constructivism can be described as essentially a theory about the

limits of human knowledge, a belief that all knowledge is necessarily a product of our own
cognitive acts. We can have no direct or unmediated knowledge of any external or objective
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reality. We construct our understanding through our experiences, and the character of our

experience is influenced profoundly by our cognitive Rns.
As lenses change, so seemingly does reality, and researchers with different lenses
live in different worlds, and necessarily have to appeal to different “realities” to
support their claims. Just whose reality is the most real, or whose reality ought to
drive education policy and funding, is left obscure. There are of course difficult
interpretative problems regarding the relationship of evidence to theory, and good
methodologists are aware of them and do their best to make the relationship more
transparent, but constructivism createmarinciplebarrier between evidence and
theory. The principal methodological criterion seemsto be, at best, “feel-goodness.”

ERNEST s PHILOSOPHY OF MATHEMATICS AND
IMPLICATIONS FOR MATHEMATICS EDUCATION
Nearly thirty years ago Israel Scheffler argued for the inclusion of philosophy

of subject matter in the preparation of teacR&rBs suggestion was that “philoso-
phies-of constitute a desirable additional input in teacher preparation beyond
subject-matter competence, practice in teaching, and educational methodblogy.”
Scheffler’s call for philosophers of the different disciplines to involve themselves
in the theoretical and pedagogical problems of high school teaching of the disci-
plines fell largely upon deaf ears. The number of philosophers (and historians) of
science and mathematics who have systematically engaged with educational issues
in their discipline can be counted on not too many fingers. Paul Ernest is one who
can be so counted.

Ernest’s philosophy of mathematics was first stated in a 1991 book, was
summarized the following year in an article, and then, with some significant
alterations, was restated in the book discussed by L&mas.

Lomas is wise to focus upon Ernest’s account of mathematical objects and his
fallibilist view of mathematics. These are the “hard yards” that social constructivist
views of mathematics have to make. |, along with Lomas, doubt very much whether
Ernest has made them. In his early formulations, Ernest says that: “The starting point
for any social constructivist account of mathematics is the assumption that the
concepts, structures, methods, results and rules that make up mathematics are the
invention of humankind® This is in part because: “Any mathematical system
depends on a set of assumptions, and there is no way of escaping‘them.”

Ernest’s position here, and elsewhere, trades on ambiguity. In a trivial sense
mathematical concepts +for instance — are inventions. This is merely because
all concepts are inventions and, of necessitymankindnventions. Knowledge
belongs to theliscursive orconceptualdomain, not thenaterialdomain, and the
discursive domain is a human creation. So the social constructivist starting point is
not too special; indeed it is pretty crowded — Platonists, intuitionists, formalists,
Aristotelians — are all lined up together there. When the starter’s gun goes off, what
will separate the pack is, among other things, the meaning given to “invention.”

The symbolr, for example, was introduced in the eighteenth century for the
guantity of the circumference divided by the diameter of a cikelgcircle, as this
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quantity was constant for all circles. This quantity was known by the ancient
Babylonians and Egyptians (2,000-3,000 B.C.) to be about'3Tlf i@y created the
notion ofpi, a circle’s circumference divided by its diameter, to refer to a certain
mathematical reality which was consténit was not their dictate that makps
constant, but the world-approximately in the physical world and exactly (though
indeterminate) in the mathematical world. A meeting of mathematicians could
attempt to havei be a variable, or even to define it as 3.0, as the state of Indiana
apparently did in the nineteenth century and as an Indian state did in the twentieth
century, but reality thwarts these agreements.

Ernest proceeds to say that in “the social constructivist view of
mathematics...human language, agreement, and experience play arole in establish-
ing its truths.® Again everyone can nod in agreement until the crucial phrase “a
role” is spelled out. That agreement and experiencegaialg is hardly disputable,
but justwhat the role is, and why it is played, are left unspecified. Although
unspecified, the conclusion is drawn that “At any given time, mathematics is an
intersubjectively agreed, rather than an objective body of knowledge. It includes
pragmatic rules governing procedures, as well as a body of propositions and
methods.?

As Lomas points out, Ernest believes that mathematics has a “contingent,
fallible, and historically shifting character.” As Ernest earlier stated the matter, “all
mathematical knowledge is fallible and mutable”; “objectivity will itself be under-
stood to be social”; “mathematical knowledge is fallible, in that it is open to revision,
and it is objective in that it is socially accepted and publicly available for scrutiny”;
“social acceptance also provides the basis for the independent existence of the
objects of mathematic$®’

Social constructivism has many philosophical problems. One is highlighted by
Lomas. He comments that, “By denying that there are mathematical objects,
Ernest’s social constructivism is naturally prone to extreme fallibilism.” | agree.

Ernest’s “fallibilism” is ambiguous. Ontological realists in philosophy of
mathematics, and science, have lived happily with epistemological fallibilism. But
their fallibilism is not relativism. There is an important, but unfortunately often
overlooked, difference between these positions. Almost no one holds an absolutist,
a priori, account of mathematical knowledge — the much-decried “God’s-eye”
view of knowledge. In that sense most philosophers of mathematics and science,
Wittgenstein, Lakatos, Karl Popper, to name a few, are fallibilists. However it is
difficult to see how Ernest can be anything other than an extreme fallibilist, or radical
fallibilist; in other words, a relativist in fallibilist clothing.

Ernest repeatedly says that “language games and forms of life” provide the
ground for mathematical knowledge. Again sort of yes and sort of no. Sophisticated
and precise languages, and intellectually demanding work by mathematicians, do
provide ground for mathematical knowledge, and have even provided some math-
ematical knowledge. Butitigen sequiteto say that the language games and forms
of life constitutehe mathematical knowledge. The language games and forms of life
are surelynecessarygonditions, but the great equivocation, or simple confusion,
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comes in making thessufficientconditions. Clearly language games and forms of
life are often shared by mathematicians, but nevertheless the mathematicians
disagreeover the correctness of proofs or mathematical assertions. The radical
social constructivist is hard pressed to account fartb@utionsof these disagree-
ments, or why one side should come to agree with the other.

For example, in 1696 Johann Bernoulli gave the problem of identifying the
“curve of fastest descent” for a free-falling body under the influence of gravity, to
the “sharpest mathematicians in the world.” This was the problem of identifying the
brachistochronéfachistosmeaning fastesthronos meaning time). The problem
was for any two points A and B such that B is below A, but not directly underneath
it, find the path of quickest descent from A to B for a freely falling body influenced
only by gravity.

Bernoulli gave his mathematical colleagues six months to find the solution. He
underestimated the abilities of some of them. Leibniz solved the problem the day that
he received it, and he correctly predicted that only five persons would solve the
problem: himself, Newton, the two Bernoulli brothers and Guillaume de I'Hospital.
Newton received the problem one night in January 1697 and solved it within an hour
of its receipt®

These great mathematicians showed that the quickest line of free-fall descent
between two points is not the shortest line (the straight line or chord), nor the arc of
acircle, but the arc of the longer cycloid containing the two points. This is one of the
numerous counter-intuitive results that indicate the gulf between commonsense
intuitions or judgments, and those of science. Even Huygens, who had extensively
investigated the cycloid curve, did not recognize that it was also the line of quickest
descent, the brachistochrone.

The correctness of Newton’s solution (or Leibniz’s, or the Bernoulli brothers,
or de I'Hospital) was not dependent upon any agreement. The great mathematicians
worked in splendid isolation. Nor was it dependent upon a head count of the
mathematics community. Such a count would have resulted in the arc of the circle
being the brachischrone, as Galileo assumed it to be. A head count of the general
population would have resulted in the chord or straight line being the brachischrone
— is it not obvious that the shortest distance must take the shortest time? Subse-
qguently, however, the mathematical community came to recognize the achievement
(discovery?) of its most luminous members. For Ernest, and social constructivists,
this recognition confers objectivity and truthfulness upon the claim that the cycloid
isthe brachischrone. This view has the implication that the circle was the brachischrone
until the end of the seventeenth century, then after a brief period when there were two
(ormaybe more) brachischrone curves, finally the cycloid became the brachischrone.
This is like asserting that phlogiston used to escape from bodies when they burned,
but now oxygen combines with bodies when they burn; or that the sun used to go
around the earth until the seventeenth century when gradually the earth began to go
around the sun.

There are simply no good mathematical or scientific reasons for these latter
social constructivist ways of talking. Lomas is correct here. There may be good
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ideological reasons for the constructions, but this then leads on to the second part of
Lomas’s constrained commentary on Ernest’s social constructivism.

CoNcLusION

Lomas says (twice) that he will “begin a critique” of the “social, political, and
ethical consequences” that Ernest draws from his constructivist position. However,
and disappointingly, | do not find even the beginning of such a critique in the essay.
This surely is needed. Constructivism increasingly presents itself as an ethical and
political theory, as well as a learning, a teaching, and an epistemological theory. As
arecent paper says “There is also a sense in which constructivism implies caring —
caring for ideas, personal theories, self image, human development, professional
esteem, people — it is not a take-it-or-leave-it epistemol#g¥liis ethical
dimension is manifest in the frequency with which notions of emancipation and
empowerment occur in constructivist writing. Constructivism is thought to be a
morally superior position to its rivals in learning theory and pedagogy. It offers
teachers “a moral imperative for deconstructing traditional objectivist conceptions
of the nature of science, mathematics and knowledge, and for reconstructing their
personal epistemologies, teaching practices and educative relationships with stu-
dents.*!

Ernest’s social constructivism certainly has ethical and political dimensions.
For instance, he says:

Each culture, like each individual, has the right to integrity. Thus, the system of values of

each culture arab initioequally valid. In absolute terms, there is no basis for asserting that

the values of one culture or society is superior to all others. It cannot be asserted, therefore,

that Western mathematics is superior to any other form because of its greater power over

nature®?

Itisimportantthat the ethical and political arguments for different multiculturalist
positions not be confused with epistemological argunférts.the foregoing
guotation, the epistemological conclusion that different values, much less systems
of mathematics, are equally valid simply does not follow from the ethical premise
that each culture has a right to integrity. The ethical, or political, premise can be
agreed to without any commitment at all to the relativistic epistemological conclu-
sion. The right to individual or cultural integrity is simply not dependent upon
individual beliefs, or cultural norms, being right. Being silly does not nullify one’s
right to respect from others. Conversely, epistemological relativism, when joined
with ideas about a “culture’s right to integrity” can frequently, be used to cement
disastrous and exploitative social structures. The embrace of “cultural integrity” and
“hands-off relativism” prevents intelligent critique and reformation of iniquitous
and stupid social formations and ideologies — most commonly of a classist, sexist
or casteist kind*

These are just some matters that Lomas, and other commentators on social
constructivism in education, need to address. Despite the overwhelming influence
of constructivism in mathematics and science education, some have the most serious
reservations about the entire constructivist program — its learning theory, its
pedagogy, its epistemology, its educational theory, its ethics, and its pblites.
in agreement with the critic who wrote:
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| have a candidate fothe most dangerous contemporary intellectual tendency, it
is...constructivism. Constructivism is a combination of two Kantian ideas with twentieth-
century relativism. The two Kantian ideas are, first, that we make the known world by
imposing concepts, and, second, that the independent world is (at most) a mere “thing-in-
itself” forever beyond our ken. ...[considering] its role in France, in the social sciences, in
literature departments, and in some largely well-meaning, but confused, political move-
ments [it] has led to a veritable epidemic of “worldmaking.” Constructivism attacks the
immune system that saves us from sillinéss.
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