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Philosophy Department, Boǧaziçi University, Istanbul, Turkey

Michael R. Matthews, ed., Constructivism in Science Education: A Philosophical
Examination. Kluwer Academic Publishers, 1998. Reviewed by Gürol Irzik.

1. Introduction

That constructivism represents a paradigm change in science education is accepted
by many. One obvious indication is the enormous amount of literature it has pro-
duced. According to one estimate, 2500 scholarly articles inspired by it appeared
in science education journals by 1993 (Duit, 1993), and there is no doubt that
this number has grown even bigger since then. However, despite its popularity
there are few books devoted to a systematic critical examination of the philo-
sophical foundations of constructivism and its implications for science education.
Constructivism of Science Education is one of them. It is must reading for anyone
who wants to know what constructivism is in its various forms and why most
versions of it create more problems than they solve. The book’s chief value con-
sists in bringing together articles by distinguished education theorists, philosophers
and cognitive psychologists in an engaging dialogue which makes these problems
transparent. As a result, the critical articles in Constructivism in Science Education
present a penetrating attack against constructivism both in science education and in
philosophy.

The book contains eleven articles and one carefully selected bibliography. The
fact that all of the articles have been previously published does not diminish
its value at all; on the contrary, it is not only handy but also very instruc-
tive to have them all in one volume as I indicated. Roughly, the collection
consists of three groups of essays. It begins with a useful survey article by
the editor Michael Matthews, a philosopher and education theorist well-known
for his book Science Teaching, who highlights the strong and weak aspects of
constructivism in science education. This is followed by an article entitled “Cog-
nition, Construction of Knowledge, and Teaching” by Ernst von Glasersfeld,
a leading representative of “radical constructivism” in the field of education.
Two philosophers, Robert Nola and Wallis Suchting, subject von Glasersfeld’s
views to painstaking and, as I shall argue, devastating criticism from a real-
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ist philosophical perspective in two separate articles. In a second contribution
von Glasersfeld replies to Suchting. These five article constitute the first group.
The second group of articles, namely, “Constructivisms and Relativisms: A
Shopper’s Guide” and “Constructivisms and Objectivity: Disentangling Meta-
physics from Pedagogy”, are written by philosopher-cognitive scientists Mark
Bickhard and Richard Grandy, respectively, who defend their own moderate
versions of constructivism but reject idealism and relativism. The final group
consists of four critical essays on the social constructivism of the Strong Pro-
gramme in sociology of science and its allies. They are written by historian of
science Helge Kragh, philosopher and education theorist Denis Phillips, philo-
sopher and cognitive scientist Peter Slezak, and finally Suchting who replies to
Slezak.

Essentially, constructivism in science education is a theory of learning (know-
ing) and teaching. Although its core ideas are epistemological, they also extend
over ontological, cognitive and semantical issues. Social constructivism of the
strong Programme, on the other hand, aims to give a sociological account of
the very content of scientific knowledge. Some versions of it make extremely
“strong” claims to the effect that not just knowledge, but also facts/reality are
constructed. What is common to educational and social constructivism is the view
that knowledge is a construction – by either individual agents or communities.
Constructivism in Science Education provides a balanced, critical treatment of both
the educational and philosophical accounts in themselves and of their implications
for science education. It focuses, though not exclusively, on epistemological issues,
and its major claim is that these are important matters that deserve careful and
detailed investigation. The overall strategy of the book is to display accurately the
fierce epistemological battle fought between the realists and the constructivists and
let the reader decide who is right.

In the first part I present a synthesis of the classification and the critique of
constructivist theories as offered by the contributors to the volume. In the second
part I discuss the pedagogical implications of these theories. I hope that this review
essay will not only give the reader a sense of this battle and its significance, but
also contribute to the ongoing debate.

2. Varieties of Constructivism

As Nola points out in his contribution “Constructivism in Science and Science
Education: A Philosophical Critique”, any talk of construction elicits the following
questions: who does the constructing? what is constructed? out of what and how?
(p. 33)1 Getting clear on the answers to these questions is essential for understand-
ing what constructivist theories say; it also comes with a nice bonus: a taxonomy of
various constructivisms. In line with the major focus of the book, I will foreground
what I take to be the most crucial question: what is it that is constructed?
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(I) COGNITIVE CONSTRUCTIVISM

A modest proposal is that what is constructed is mental representations, and this
gives rise to what Grandy calls cognitive constructivism. It is the view that “indi-
vidual cognitive agents understand the world and make their way around in it by
using mental representations that they have constructed” (p. 114). (Notice that
this formulation also answers the question “who does the constructing?”) Von
Glasersfeld and Bickhard would concur since the former talks about knowledge
as “conceptual constructs” by “epistemic agents” (p. 14), and the latter speaks of
(mental) representation as emerging from the interaction between an individual and
its environment (p. 103). Furthermore, all are united in rejecting the idea of truth
as the correspondence between representations and the world, and presumably all
would agree that although representations are constructed by individuals, they arise
as a result of an interactive process among them in a community. Therefore, we
can say that cognitive constructivism as expressed above is the minimal core of all
constructivisms.

I doubt that any realist would disagree with this kind of constructivism, and cer-
tainly no contributor of a realist orientation to Constructivism in Science Education
raises any objection to the idea that mental representations are constructed rather
than passively received. I do not know of a philosopher today who believes that the
world simply imprints its properties on a passive mind which in turn merely reflects
them as accurate representations, as mental copies; as even the arch-realist Karl
Popper said, “we are not passive receptors of sense data, but their active digestors”
(Popper, 1968, p. 95). We can thus leave this brand of constructivism aside as being
uncontroversial.

(II) EPISTEMIC CONSTRUCTIVISM

The dispute begins to rage when it is claimed that not only mental representations,
but also knowledge (including scientific knowledge) is constructed. Following
Grandy’s useful terminology, let us call this epistemic constructivism. It is widely
endorsed by theorists like von Glasersfeld, Gunstone, Driver, the founders of the
Strong Programme (i.e., David Bloor and Barry Barnes) and their allies such as
Bruno Latour, Steve Woolgar and Harry Collins.2 In this context, a number of
issues involving the definition of knowledge, the definition of truth, and knowledge
of truth get tangled up and need to be sorted out before we can make any progress
in solving problems of teaching and learning. Let me begin with von Glasersfeld’s
views first and then move on to those of the Strong Programme.

Von Glasersfeld’s Version

Von Glasersfeld formulates his “radical constructivist” epistemology as follows:
1a. “Knowledge is not passively received either through the senses or by way of

communication”;
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1b. “Knowledge is actively built up by the cognizing subject”.
2a. “The function of cognition is adaptive, in the biological sense of the term,

tending towards fit or viability”;
2b. “Cognition serves the subject’s organization of the experiential world, not

the discovery of an objective ontological reality” (1995, p. 51).
To the extent to which knowledge involves representations or beliefs, 1a and

1b can be seen as an articulation of cognitive constructivism and would be accept-
able to the realists as well. But the crux of the matter lies with the definition of
knowledge:

For constructivists, therefore, the word knowledge refers to a commodity that is
radically different from the objective representation of an observer-independent
world which the mainstream of the Western philosophical tradition has been
looking for. Instead, knowledge refers to conceptual structures that epistemic
agents, given the range of present experience within their tradition of thought
and language, consider viable. (von Glasersfeld, p. 14)

Right after this passage, von Glasersfeld endorses Rorty’s rejection of “the notion
of truth as correspondence with reality altogether” (ibid).

This is in stark contrast to both the traditional and the contemporary formu-
lations of knowledge in epistemology, according to which knowledge is, at least,
justified true belief (let me refer to this as the standard account of knowledge).3

If we take von Glasersfeld’s “conceptual constructs” to include beliefs, then it
becomes clear that for him knowledge involves neither justification of beliefs nor
their truth; it is enough that our “conceptual constructs” be viable within our field
of experience. I shall return to this notion of viability, but let us first ask what
reasons von Glasersfeld offers to reject the standard account of knowledge.

I am able to find only one: “Knowledge can never be considered true in the
conventional sense (i.e., correspond to an observer-independent reality) because it
is made by a knower who does not have access to such a reality” (p. 94). The same
point is made elsewhere:

Constructivism does not deal with the traditional concept of ‘truth’ which
would require that one knows or at least believes, that an idea, a theory, or any
conceptual construct is an accurate representation or duplication of something
beyond the experiential field. (von Glasersfeld, 1993; quoted by Nola, p. 46)

The reasoning implicit in these quotations seems to be this: The definition of
knowledge, according to the standard account, involves a conception of truth as
representation or belief which corresponds to an observer-independent reality; but
since we have no access to (i.e., no way of knowing) such a reality independently
of our representations, we cannot tell (i.e., know) whether our representations
do really correspond and are therefore true; but if so, we can never know any-
thing. Such a conception of knowledge makes knowledge impossible, or so von
Glasersfeld contends.
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But this argument will not do, for it mistakenly attributes to the standard account
the requirement that if a belief is true, then it must also be known to be true. In other
words, according to the standard account, if I know that p, it is required that p must
be true, but not that I must also know that p is true. Otherwise, the definition would
be circular. This point is brought home by Nola: “The traditional concept of truth
under attack (. . . ) does not require that what is true also be known or believed; this
is to confuse matters to do with the definition of truth with knowledge or belief
about what is true” (p. 46). Thus, if von Glasersfeld’s is the only reason why the
standard account of knowledge should be rejected, it is no reason at all.

Moreover, realists are not committed to the view that truth is accurate or faithful
representation of reality. As Nola again points out in his paper (see pp. 46–47),
Tarksi’s conception of truth would do. According to Tarski, any definition of truth
must satisfy what is known as the T-condition.

The English sentence ‘s’ is true if and only if s

for all sentences of that language. Horwich (1990) claims that Tarksi’s idea can be
shown to be not only necessary but also sufficient for defining truth, which avoids
any notion of correspondence or accurate representation. The upshot is that realists
do have an alternative conception of truth to which they can appeal, so there is no
need to replace “truth” by the notion of viability as urged by von Glasersfeld.4

Let us now turn to von Glasersfeld’s conception of knowledge in terms of via-
bility and see if it is any better than the standard account. There are at least two
problems with it. The first problem results from replacing “truth” by “viability”
which is defined as conceptual constructs that “fit the purposive or descriptive
contexts in which we use them” (Glaserfeld, 1995, p. 14): a conceptual construct
that is viable in this sense may nevertheless be false in the minimalist Tarskian
sense explained above. (For more on this point, see Nola, p. 51.) This means that
it is wrong to reduce knowledge to viability. The second problem involves the
crucial condition of “tethering reason” (that is, justification, evidence). Suppose
I guess that you have ten dollars in your pocket, and my guess turns out to be
right. Did I know that you had that much money in your pocket? No, Because I had
absolutely no reason for my guess, I just lucked out. Without reasons and evidence,
even true beliefs do not count as knowledge. The constructivist may reply that the
notion of viability does play the role of justification; “viability”, he may point
out, does the work of both “truth” and “tethering reason”. I grant that “fit with
experience” may have some justificatory role, but the viability account must spell
this out explicitly. Moreover, it says nothing about the causal connection between
our beliefs (or representations) and the circumstances that make them true (or
viable according to von Glasersfeld). As I indicated in footnote 3, this is the most
important lesson we have learned from Gettier-type counterexamples. I conclude,
therefore, that it provides no improvement over the standard account and does not
have the conceptual resources to replace it.

Clearly, von Glasersfeld’s conception of knowledge in terms of viability is an
instrumentalist one. This is the intent of claim 2b above: cognition serves the
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function of bringing order to our experiences, but emphatically not “the discov-
ery of an objective ontological reality”. Von Glasersfeld openly admits that he is
an instrumentalist (p. 97; see also his 1995, p. 22). Accordingly, our “conceptual
constructs”, such as our theories are not true or false, but just instruments or tools
which organize our experiential world and enable us to cope with whatever prob-
lems we are confronted within it. Indeed, this is a world into which we are trapped,
form which there is no escape: “From the constructivist point of view, the subject
cannot transcend the limits of individual experience” (von Glasersfeld, p. 2). The
result is that, as Nola puts it, “we can only know either our experiences or what we
can construct on the basis of these experiences” (p. 48).

Here I cannot get into a discussion of instrumentalism with all its twists and
turns as it would require a study on its own. Philosophers of science have debated
the issue intensely over the last forty years, and there exist excellent critiques of
instrumentalism (see, for example, Feyerabend, 1981; Newton-Smith, 1981; Sal-
mon, 1984, especially ch. 8). Suffice it to say that despite his persistent disavowal
of truth, von Glasersfeld’s instrumentalism cannot do without it and is thus incon-
sistent. In explaining his notion of viability, von Glasersfeld writes: “If a prediction
turn out to be right, a constructivist can only say that the knowledge from which the
prediction was derived proved viable under the circumstances of the case” (quoted
by Nola, p. 51; my emphasis). But, as Nola points out, to say that a prediction
turns out right is just another way of saying that an observational consequence of
a theory came out to be true! Therefore, Nola is entirely justified in his conclu-
sion that “talk of the viability or unviability of conceptual constructs is merely a
mask for talk of truth or falsity of predictions when matched against observation”
(p. 51).

Furthermore, von Glasersfeld is silent about what happens when a prediction
goes wrong, and even if he did appeal to “non-viability” to make sense of it, one
might wonder with Nola if this is another mask for falsification (ibid.) or with
Bickhard how exactly it works as a feedback mechanism (p. 108). This is not a
trivial issue and is much discussed in the philosophical literature under the rubric
of the Duhem-Quine thesis and problem. Roughly, the thesis states that a scientific
theory T can be tested not in isolation but only in conjunction with other auxiliary
hypotheses A. The Duhem-Quine problem is that when there is a prediction failure,
all we know is that the conjunction T.A is false, but we do not know whether T or
A (or both) is false. I doubt that the notion of non-viability would be of any help
to solve this thorny problem, but at any rate von Glasersfeld owes us a full-blown
constructivist treatment of this issue.

The Strong Programme’s Version

The Strong Programme in sociology of scientific knowledge claims that the very
content of scientific knowledge can be explained sociologically. Its core consists of
the following four tenets, called (1) causality, (2) impartiality, (3) symmetry, and
(4) reflexivity:
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1. It would be causal, that is, concerned with the conditions which bring about
belief or states of knowledge. Naturally, there will be other types of causes
apart from social ones which will cooperate in bringing about belief.

2. It would be impartial with respect to truth or falsity, rationality or irrationality,
success or failure. Both sides of these dichotomies will require explanation.

3. It would be symmetrical in its style of explanation. The same type of cause
would explain true and false beliefs.

4. It would be reflexive. In principle its pattern of explanation would have to be
applicable to sociology itself. (Bloor, 1991, p. 7)

In a similar vein, its allies Steve Woolgar and Harry Collins write respectively that
“scientific knowledge originates in the social world rather than the natural world”
(Woolgar, 1983, p. 244) and that “the natural world has a small or non-existent role
in the construction of scientific knowledge” (Collins, 1981, p. 3). (Both quotations
are given by Kragh, pp.128–129). Notice that there is an obvious affinity between
this view and that of von Glasersfeld in that both downplay the causal role of nature
in the production of knowledge.

But the initial excitement one feels about the Strong Programme quickly dis-
appears when one reads that by the term “knowledge” its proponents simply mean
“what is collectively endorsed”, or “whatever people take to be knowledge”, con-
sisting of “beliefs which people confidently hold to and live by” (Bloor, 1991, p. 5).
It is truly disappointing to see that the difference between knowledge and mere
belief is reduced to the issue of “collective endorsement”. One feels a sense of déjà
vu as notions of “truth” and “tethering reason” quietly drop out of the concept of
knowledge, just as it did from von Glasersfeld’s account. It is not hard to guess that
the very reason that led von Glasersfeld to the same move is also Bloor’s; the latter
writes: “We cannot play God and compare our understanding of reality with reality
as it is in itself, not as it is understood by us” (ibid., p. 174). As I have argued above
in discussing von Glasersfeld’s views, this is no reason to give up the notion of truth
from our account of knowledge. But, of course, once knowledge is reduced to col-
lectively endorsed belief, it is not surprising at all to claim that it may be produced
or caused by social factors among others. Beliefs may be caused, produced or held
by numerous reasons, including social one.5 However, it should be noted that not all
beliefs are caused predominantly by social factors. Perceptual beliefs are a case in
point.

As Phillips rightly complains in his contribution “Coming to Grips with the
Radical Social Constructivisms”, the social constructivists such as Bloor, Barnes
and Collins vacillate between an interesting, “strong” position and a boring,
“weak” one. Much of their appeal comes from the former, but when pressed by
their critics they immediately take refuge in the latter. Take, for instance, Bloor’s
position with respect to the notion of truth in the main text of his book: “The ques-
tion may be pressed: does the acceptance of a theory by a social group make it true?
The only answer that can be given is that it does not” (Bloor, 1991, p. 43). (Bloor
does not tell us what makes it true, but I will let that go.) Yet in the “Afterword”
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the same Bloor tells his readers that “truths do not form a natural kind”, but “a
social kind”. They form a class like the class of valid banknotes, (. . .) or the class
of husbands. Their membership in this class is the result of how they are treated by
other people” (ibid., p. 174; my emphasis. I owe this point to Fine, 1996, p. 482,
n. 10). So, what makes a belief true is that it is collectively and conventionally
endorsed by people after all!

Another example is provided by Phillips (p. 145). On one page, Collins writes
that “the natural world has a small or non-existent role in the construction of sci-
entific knowledge”; on the next page, he tells us that experimentation “by itself”
is not decisive, thus admitting that it does play a non-negligible role after all (if
not, why bother to experiment in the first place!). Such mercurial attitude is indeed
frustrating and needs no further comment.

I hope that it is clear by now that the entire plausibility of the causality, impar-
tiality and symmetry theses of the Strong Programme listed above derives from
equating knowledge with belief, or true belief with collectively endorsed belief.
It is only on the basis of this equation one can claim that social factors cause
“knowledge” and do not discriminate between “truth” and “falsity”, and that the
same kind of social factors can be invoked to explain both. Once this equation
is rejected, the Strong Programme becomes vulnerable to numerous attacks that
I cannot summarize here. I invite the reader to read the contributions by Kragh,
Phillips and Slezak.

One point needs special emphasis, however, for it is directly relevant to sci-
ence teaching. It is that the Strong Programme is a relativistic doctrine. This is
openly admitted by Bloor (1991, p. 158). So, if we adopt this sort of a social
constructivism, we will give our students the message that scientific knowledge
does not transcend the boundaries of communities, cultures and history. This is
a strong claim, indeed, with obvious serious implications for science education
and designing of curricula, but is there any good reason for embracing it? Here
is Bloor’s argument: “All knowledge (. . . ) is conjectural and theoretical. Nothing
is absolute and final. Therefore, all knowledge is relative to the local situation
of the thinkers who produce it” (ibid., p. 159; my emphasis). That a sociologist-
philosopher of Bloor’s stature could appeal to such a parody as serious argument
is beyond comprehension (unless of course he is being demagogic, in which case,
of course, there is no argument). As every student of epistemology knows, there is
no logical connection whatsoever between a fallibilistic conception of knowledge
and relativism in the sense expressed in this quotation. To say that “all knowledge
is conjectural” is simply to say that our beliefs may be false even if there are
good evidential reasons for holding them, that no justification is strong enough to
guarantee truth. From this it does not follow that knowledge or truth is community
relative.

In fairness to other constructivists, however, we must note that not all of them
embrace relativism. Bickhard, for example, firmly rejects it by saying that “relativ-
isms are poisonous with respect to issues of morality and ethics, and can be
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psychotic with respect to issues of science and mathematics” (p. 101). This is
diametrically opposed to Bloor’s view that “if we can live with moral relativism
we can live with cognitive relativism” (1991, p. 159).

One final point remains to be made concerning epistemic constructivism before
I discuss the remaining varieties. At the beginning of Section 1 I indicated that talk
of construction presupposes that something is constructed out of something, pre-
sumably in a certain way, depending in part on what it is that is being constructed.
Thus, we are told that knowledge is constructed out of mental representations or
individual experiences or “sense-data”, but as Grandy rightly complains, in science
education “surprisingly little discussion has been expended on the issue of the
methods and materials of construction that go into constructing representations
of scientific objects, data and theories” (Grandy, p. 118). All we are told is that we
construct complex representations from simple ones by uniting them, but that is not
much help in understanding how, for instance, scientific theories are constructed.
Curiously, little has also been said about what representation itself is, what its
source is, and how it represents whatever it represents. Unless these questions are
investigated and answered in a way to facilitate our understanding of scientific data,
experimentation, theories and knowledge, constructivism is bound to remain as an
unfulfilled project.

(III) SEMANTICAL CONSTRUCTIVISM

By semantical constructivism I mean the view that concepts and meanings of con-
cepts and statements are not readily found in nature or society, but are constructed
out of perceptual material by individuals. This view is as widespread as epistemic
constructivism among education theories (see, for example, von Glasersfeld, 1995,
p. 22, ch. 7; Driver, 1988; Gunstone, 1988; Fensham et al., 1994). Here is a
typical formulation: “Concepts are not inherent in things but have to be individu-
ally built up by reflective abstraction; and reflective abstraction is not a matter
of looking closely but of operating mentally in a way that happens to be com-
patible with the perceptual material at hand” (von Glasersfeld, 1995, p. 184).
According to this view, the meaning of, say, “apple” is abstracted (constructed
by abstraction) from apple-experiences; because experience is totally private and
subjective, each person has his own concept of apple even when looking at, touch-
ing, tasting and smelling the same apple. Therefore, no two people’s concepts of
apple are the same, and this is true for all concepts. There is then no sameness
of meaning, no shared meaning, which creates an acute indeterminacy of lin-
guistic communication. Indeed, “language does not convey knowledge” but only
“constrains and orients the receiver’s conceptual constructing” (von Glasersfeld,
1995, p. 182). Since there is no sameness of meaning, one can at best have
compatibility: “your meaning and another’s are at best compatible; in a given
situation neither reacts in a way that the other could not expect” (quoted by Nola,
p. 52).



166 GÜROL IRZIK

But, as Nola and Suchting forcefully argue, semantic constructivism is seriously
flawed and leads to untenable conclusions. To see why, let me quote Nola:

Incompatibility requires some sameness of meaning as when one asserts ‘the
litmus is red’ while another asserts ‘the litmus is not red’. Here words mean
the same, but one denies what the other asserts. Disagreement only takes place
against a background of shared meaning. If there is no shared meaning then
trivial compatibility arises; we discourse on different topics and mean quite
different things thereby constantly talking past one another. (p. 52)

Constructivists like von Glasersfeld do not recognize the public character of con-
cepts, statements and their meanings. They think that because these things are
constructed out of mental representations, they have no shared content. But they
fail to see the distinction between mental representations and their content. While
the former are private and subjective, the latter are public and intersubjective. I may
believe that today is Sunday, you may deny it; somebody else may hope that it is
Sunday. Each of us has different mental states (believing, denying, and hoping),
but they all have the same content, expressed by the sentence “Today is Sunday”.
No doubt, sometimes we may disagree about the content of a certain sentence, but
it does not follow that “my meaning” is different from “yours”; all it shows is that
we have different intentional states towards it: I believe it, you deny it.

But this is not the only problem with semantical constructivism. The abstrac-
tionist view of concept formation faces another difficulty with which most con-
structivists have not come to grips yet: in order for me to acquire the concept, say,
“red” by abstracting the common property red from red things, I must first be able
to classify all red objects together from which I can abstract. But I cannot do this
without knowing the meaning of red already. Thus, abstraction is a powerless tool
for concept formation or acquisition (Suchting, p. 78).

In this context it may be worth recalling Gottlob Frege’s criticism regarding the
poverty of abstractionist theory, a criticism which is as incisive as it is amusing.
The essence of abstraction is to neglect certain features of objects until only that
which is common to all of them is left. Frege points out that this procedure has
no way of distinguishing between a situation where one deliberately ignores the
features and another where one simply forgets them:

Inattention is a most efficacious logical faculty; presumably this accounts for
the absentmindedness of professors. Suppose there are a black and a white cat
sitting side by side before us. We stop attending to their color, and they become
colorless, but are still sitting side by side. We stop attending to their posture, and
they are no longer sitting (though presumably they have not assumed another
posture), but each one is still in its place. We stop attending to position; they
cease to have place, but still remain different. In this way, perhaps, we obtain
from each one of them a general concept of Cat. By continued application
of this procedure, we obtain from each object a more and more bloodless
phantom. (Quoted by Coffa, 1991, pp. 68–69)
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I believe that Nola’s and Suchting’s arguments coupled with Frege’s amount
to a devastating criticism against von Glasersfeld’s semantic constructivism. No
wonder, then, that von Glasersfeld’s reply to Suchting is completely silent with
respect to the latter’s criticism on this issue.

To the question “what is it that is constructed?” we have so far seen three
fundamental answers given by the constructivists: representations, knowledge, and
concepts and their meanings. One final answer remains to be examined: facts, the
world or reality. This is the most radical and comprehensive form constructivism
can take. For if reality can be constructed, so can everything else; it is a most radical
position because it amounts to no less than idealism.

(IV) METAPHYSICAL CONSTRUCTIVISM

According to this version of constructivism, “the furniture of the world is con-
structed by us. This view can be subdivided into the individualistic, which
postulates individual constructions of individual worlds, and the social, which pos-
tulates social constructions of shared worlds. This view typically contrasts with
metaphysical realism, the view that (much of) the furniture of the world exists
independently of minds and thoughts” (Grandy, p. 114). Metaphysical construc-
tivism then is clearly a form of idealism. Notice that as formulated by Grandy,
metaphysical realism is a minimal realism which merely claims that there exists
a world of entities, events and processes independently of cognizing subjects.
I emphasize this point because much confusion arises when this minimal real-
ism is conflated with what might be called representational realism according
to which knowledge is a faithful or accurate representation of the world as it
is, that it consists of a (one-to-one) correspondence between our representations
and aspects of the world, and therefore that our representations are copies or
exact replicas of reality. Bickhard (p. 100) and von Glasersfeld (1995, pp. 25, 52,
n. 19 and 115), I am afraid, are guilty of this conflation. At any rate, all of the
contributors to Constructivism in Science Education are realists in the minimal
sense, though the case of von Glasersfeld is open to dispute; and as far as I can
tell, none of them are representational realists! (If this comes as a surprise to
many, it is because many people confuse minimal realism with representational
realism.)

The dispute as to whether von Glasersfeld is a metaphysical constructivist (i.e.,
idealist) or not arises because he has written conflicting things in this regard.
Consider the following passages:

For the constructivist there are no structures other than those which the knower
constitutes by his very own activity of coordination of experiential particles
(quoted by Matthews, 1994, p. 141).

To conclude that, because we have a perceptual experience which we
call a ‘chair’ there must be a chair in the ‘real’ world is to commit the realist
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fallacy. (. . . ) If we can reliably repeat the chair experience, we can only
conclude that, under the circumstances, it is a viable construct (quoted by
Nola, p. 49).

These passages certainly sound like idealism. Indeed, this is how Matthews has
interpreted him; Nola’s verdict, on the other hand, is that he is a phenomenalist.
But elsewhere von Glasersfeld vehemently denies that he is an idealist:

For believers in representation, the radical change of the concept of knowledge
and its relation to reality, is a tremendous shock. They immediately assume
that giving up the representational view is tantamount to denying reality, which
would indeed be a foolish thing to do. The world of our experience, after all,
is hardly ever quite as we would like it to be. But this does not preclude that
we ourselves have constructed our knowledge of it (von Glasersfeld, 1995,
pp. 14–15).

In the usual language of philosophers, ‘realists’ are those who believe
that they can obtain knowledge of a world as it is in itself. This I deny, and
admitting ‘ontic’ constraints does not contradict it, while they may determine
what is impossible, they do not determine the ways of acting and thinking that
can be constructed within them (ibid., p. 52, n. 19).

My own view is that the overall tenor of von Glasersfeld’s works is not against
minimal realism. It is abundantly clear from much of what he wrote that his major
target is representational realism, as the above two quotations also attest. But
because he does not always carefully distinguish between the two, he sometimes
says things which invite an idealist interpretation.

Clear-cut examples of metaphysical constructivism are found within the school
of sociology of scientific knowledge. Bruno Latour and Steve Woolgar are a case
in point. In their much discussed book Laboratory Life: Construction of Scientific
Facts, they claim that “facts are constructed” through various operations, that
reality is “the consequence of the settlement of dispute rather than its cause”
(pp. 236–237), that “scientific activity is not ‘about nature’, it is a fierce fight to
construct reality” in the laboratory (ibid., p. 243).

I see no point in criticizing idealism within the confines of this paper. For one
thing, this would take a considerable amount of space; for another, few, if any,
educational constructivists hold it.6 Grandy has his own reason for ignoring it in
his paper. He thinks that once cognitive constructivism is accepted, metaphysical
realism is irrelevant to science education. This is an interesting claim, and if right,
the charge of idealism brought against some of the constructivists by Matthews,
Suchting and others will have no bite (see Suchting, pp. 198–199). I will take
up this issue at the end of next section. Let me now discuss the implications of
constructivisms for science education.
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3. Constructivist Implications for Science Education

Constructivism in the field of education seems to be a reaction against what is
known as “the transmission model of education” and the “realist” philosophy
that is assumed to entail it. The transmission model is criticized because it is
didacticist and therefore teacher oriented, emphasizes content too much, encour-
ages passive rote learning and memorization, and provides the student with no
genuine understanding. Such pedagogy is blamed on “realism”, by which it is
meant an amalgamation of foundationalism, absolutistic objectivism, minimal and
representational realisms.7 Accordingly, “the transmission model” and the “realist”
philosophy that supposedly nourishes it are replaced by a constructivist pedagogy
and a constructivist philosophy underlying it.

The starting point of constructivist pedagogy is the recognition that each student
comes to class with his own concepts and “knowledge” (read: beliefs) constructed
out of his experiences about how things work,8 and that any teaching strategy which
does not take this into account is likely to fail. This requires a will, an openness on
the part of the teacher to listen to students and find out about the differences in their
learning needs. Thus, perhaps the teacher’s first task is to help students articulate
as clearly as possible their own ideas about a certain topic or problem, preferably
in small groups, so that each becomes aware of what others think and “negotiates”
his solution with others. In this way, the student becomes an active participant
rather than a passive listener in the learning process, the result of which is genuine
understanding and enlightenment rather than training. It is essential in this process
that “the teacher not tell students what concepts to construct or how to construct
them”, nor tell them that they are “wrong”, but simply prevent them from going in
futile directions (von Glasersfeld, 1995, p. 184). After all, there is no fixed body of
truths to be transmitted, but only “conceptual constructs” that are “viable”. Indeed,
the aim of science education, according to this picture, is not to help students learn
or (re)construct the concepts and views that scientists have formulated and tested
as a result of long and arduous cooperative work, but to “enable [them] to function
effectively in their world” (Gunstone, 1988, p. 89). Accordingly, student assess-
ment, I suppose, consists of measuring the extent of active participation, conceptual
novelty and creativity, concept mapping, and meaning compatibility between the
teacher and the student on the one hand and among students themselves on the
other, a task made especially difficult because of the indeterminacy of linguistic
communication.9

There is no doubt that educational constructivism “has done a service to science
education by alerting teachers to the function of prior learning and extant concepts
in the process of learning new material, by stressing the importance of understand-
ing as a goal of science instruction, by fostering pupil engagement in lessons”
(Matthews, p. 7). But as many realists have pointed out, these are “pedagogical
commonplaces, the recognition of which goes back at least to Socrates” (ibid.),
which are perfectly compatible with a modest (i.e., minimal, non-representational)
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realism.10 Indeed, as Nola has shown in his paper (pp. 34–37), the constructiv-
ist’s linking of didacticism with realism is totally unfounded; the Socratic method
of teaching and learning on the basis of the question-answer dialectic developed
by Plato is an excellent non-didactic model for pedagogy for both constructivists
and non-constructivists.11 Similarly, constructivists have no monopoly on group
work since there is nothing un-realistic about it. In this context it is amusing
to see a paper which pursues the good old Popperian technique of “formulate
a hypothesis, test and observe”, being included in volume with the subtitle “A
Constructivist Approach to its Teaching and Learning” (see Brass and Duke,
1994).12

But the agreement between constructivists and non-constructivists ends here.
First, by confusing “knowledge” with “belief” and replacing “truth” by “viability”
some constructivists “have lost the idea of a right and wrong answer in science
and science education” (Nola, p. 55). Second, constructivist teachers are reluctant
to tell their students that their representations are misconceptions, that their con-
structions are misconstructions. Few constructivists take head on cases where a
student’s understanding does not match the teacher’s. What then? Do we explain
to the student why she is wrong or not? As Grandy says, “if we are unwilling to
evaluate representations, unwilling to judge some representations and understand-
ings as more accurate, more general, more consistent than others, then there is no
need to teach ‘science’ ” (p. 116). It goes without saying that as teachers it is our
responsibility to teach our students the very best. Finally, it is naive to expect the
students to discover all or most of the relevant scientific truths by themselves. Even
with much guidance some students will fail for various reasons, as every teacher
knows. Constructivist theory “provides no well-defined mechanism by which the
individual can develop new constructs with which to see the world” (Osborne,
1996, p. 65). Not being able to tell the student what concepts to construct or how to
construct them is not a virtue but a vice of the constructivist theory. So much then
for the implications of educational constructivism.

As for the implications of the Strong Programme and its allies, they are not
as specific as those of the educational constructivism and mostly involve broader
issues like the status of scientific claims and science in general, processes of
“knowledge” (read: belief) production, norms and values of science, and occa-
sionally the content to be taught. The general message conveyed is that nature
plays little or no role in the acceptance of scientific theories whose very con-
tent is shaped predominantly by social factors,13 that the fate of theories is to
a large extent determined not by scientific, internal criteria such as empirical
evidence, broad scope, fruitfulness, predictive and explanatory power, but by
external factors such as negotiation, rhetoric, propaganda, power and interest.
Thus, rationality, critical inquiry and disinterested pursuit of truth are constantly
downplayed just as nature is, and relativism is embraced openly. Some pro-
ponents (e.g., T. Pinch and M. Ashmore) even attempt to resurrect discredited
science like N-rays by “re-negotiation” and “in the name of justice!” (see Kragh,
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p. 134; Slezak, p. 160). The result is that there is no serious epistemic or cog-
nitive difference between pseudo science, discredited science, and good science
(Kragh, p. 134). One can well imagine what happens to the science curriculum
if these views are taken seriously. We tell, sorry, we help our students “con-
struct” the (meta) view that science is not a rational activity aimed at discovering
truths about the world, we start teaching N-rays after X-rays, creationism next
to Darwinian evolution, and witchcraft and voodoo magic alongside Newtonian
mechanics! These consequences of the sociological constructivism of the Strong
Programme are so “strongly” absurd that they provide a reductio argument against
it.

Despite much ado about explaining the very content of knowledge socio-
logically, I know of no study that succeeds. What we find instead is either a
downplaying or a total neglect of content. So much so that Latour and Woolgar
wrote an entire book, whose aim is to describe how scientists “construct” scientific
facts in the laboratory, on the basis of a self-avowed methodological decision to
merely observe their behavior in the lab without absolutely any consideration for
the theoretical content of what they are doing and discussing. As if this is not
scandalous enough, we are told that one of the authors, namely, Latour, knows
nothing about the science he is studying! (Latour and Woolgar, 1986, p. 273). As
Phillips aptly puts it, “given that fieldworkers usually are expected to be aware of
the ways in which their own backgrounds can bias their ‘findings’, (. . . ) this is an
astounding admission” (p. 152). I bring this up because it shows the dangers of
ignoring the content of science. Teachers are well advised to keep in mind that no
constructive activity on the part of the student can take the place of a solid grasp
of the scientific principles, concepts and equations that have been developed by the
scientists.

Before closing this section on the implications of constructivism, I would like to
take up Grandy’s thesis that once you have accepted cognitive constructivism, as far
as science education is concerned, it does not matter much what attitude you take
toward the metaphysical realist issues (p. 114). Unfortunately, Grandy has given
no argument for his interesting thesis except to say that “however independent of
us the structure of the universe may be, what we can achieve by way of producing
more knowledgeable students depends on the representations they can construct”
(pp. 114–115). At the end of his paper Grandy qualifies his thesis subtly: “Meta-
physical issues are irrelevant to the pedagogical enterprise except when explicit
philosophical issues arise” (p. 121; my emphasis). But philosophical issues do
arise to the extent to which the aim of science education involves the teaching not
just of scientific content, but also the aims of science, its norms and values, its
methodology and why it often succeeds. And one’s position with respect to these
issues may well depend on whether one is a realist or constructivist, as we have
seen.
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4. Conclusion

There are a variety of constructivisms both in the field of education and in soci-
ology of science. It is important to be clear on what the claims and implications
of each are. Following Matthews (p. 3), I have called the former educational
constructivism, the latter social constructivism. This is an initial distinction of
convenience pertaining to the field. More substantially, putting together and adding
to the various distinctions made by the contributors to Constructivism in Science
Education, I distinguished between cognitive, epistemic, semantic, and metaphys-
ical constructivisms on the basis of the answers given to the question of what it is
that is constructed. The result may be summarized by a table, where names indicate
the leading representatives:

Educational Social

Cognitive All Bloor?

Epistemic Virtually all All

von Glasersfeld

Semantic Virtually all Bloor

von Glasersfeld

Metaphysical von Glasersfeld? Latour, Woolgar

Driver?

(Questions marks indicate some dispute. See fn. 4 and Slezak, p. 171 and the
literature cited therein.)

Once the ontological, epistemological and semantical claims of constructivism
are differentiated and made explicit, I believe that their weaknesses, flaws and
limitations become apparent both in themselves and in terms of their implica-
tions for science education. At least this is the overall message I received reading
Constructivism in Science Education. It seems to me that with the exception of
noncontroversial cognitive constructivism, there is little to be gained by the exist-
ing constructivist theory and pedagogy. I urge the science educators, especially
those who have constructivist inclinations, to read this book. For I claim that
once they give it the serious consideration that it well deserves, they will start
thinking differently about constructivism. Constructivism in Science Education
is a rich collection of substantial articles, all written with clarity and authority.
It contains a lot more than I have been able to discuss here. In particular, I
should mention Vico’s and Piaget’s views that have inspired and influenced the
constructivists. These are masterfully presented and critically discussed in von
Glasersfeld’s, Nola’s, Suchting’s and Bickhard’s essays. Also worth mentioning
are the lessons for the social constructivist that Kragh draws from the history
of science, the recalcitrance of the internal-external distinction that Phillips puts
into effective use against the Strong Programme, and, lastly, two philosophical
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theses of central importance – the theory ladenness of observation and its corre-
late, namely, the underdetermination of theories by evidence – which the social
constructivists make much use of. Phillips, and especially Slezak, convincingly
show why these theses do not support social constructivist view that it must be
social factors rather than some others that predominantly figure in theory choice.
Finally, I have said very little about the exchanges between von Glasersfeld and
Suchting, and between Slezak and Suchting, but they are best left to the reader to
judge.14

Notes

1 All page references are to Constructivism in Science Education unless otherwise indicated.
2 I left out Grandy deliberately because in his contribution he does not develop his own positive
account. He merely indicates that epistemic constructivism “seems to me a reasonable consequence
of cognitive constructivism, though a thorough defense would require a detailed discussion of the
various possible analyses of knowledge” (pp. 117–118).
3 I say “at least” because Gettier-type counterexamples showed that a fourth condition must also
be imposed. Usually, this condition requires that what tethers the belief is a causal relation between
the belief and the circumstances that make it true. See, for example, Goldman (1986). Sober (1995,
part III) provides a lucid elementary survey of major approaches.
4 Horwich’s is not the only alternative available for the realist. Goldman (1986, ch. 7) presents yet
another.
5 Notice in this context the typical slide from “belief” to “states of knowledge”. See the first tenet
of the Strong Programme above.
6 See, though, Matthews 1994, ch. 7 for a criticism of idealist inclinations within educational theory.
For an excellent general critique of idealism in Berkeleyan, Kantian and other guises (see Stove
1991).
7 While this linking of “the transmission view” with “realism” pervades the entire constructivist
literature, I found its most explicit statement in Pope and Gilbert (1983); see also Tobin et al. (1990,
p. 7) and the literature cited therein
8 This fact about students follows directly from the semantical and epistemic constructivisms as
outlined above.
9 I have extracted this constructivist pedagogy from von Glasersfeld (pp. 26–28) and (1995, ch. 10);
Gunstone (1988), Driver (1988), Tobin (1990), and Tobin et al. (1990).
10 For a more detailed formulation of modest realism see Matthews (1994, pp. 177–178).
11 For a pedagogy developed specifically on the basis of a modest realism, see Mathews (1994,
especially ch. 6) and Osborne (1996).
12 Let me not be misunderstood. The Brass and Duke article is a fine one which captures the essence
of scientific activity well and does a good job of conveying it to students. My point is simply that
there is nothing specifically “constructivist” in it save the phrase “negotiating goals”. In my view this
way of describing students’ learning/discovery activity is misleading and adds nothing to the purpose
of the paper. “Pursuing one’s goal”, “arguing for one’s position” and “trying to convince others” on
the basis of one’s findings are descriptions that are both more accurate and more in the spirit of the
technique in question.
13 This implies that, had the social circumstances been different, the very form of the equations
would have been different as well. Thus, a Newton living in a different social setting would have
perhaps come up with an inverse cube law! (Slezak, p. 175)
14 I would like to thank Stephen Voss and Berna Kilinç for their helpful comments.
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