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1. Content Based Science Teaching

In content based science teaching, the empbhasis is on the effective teaching
and learning of currently accepted scientific theories and experimental results.
This is the type of science teaching one finds typicaly in college and university
courses designed for majors and aspiring scientists__particularly in the natural
and biomedical sciences.

The philosophy of science that encourages content based science teaching
is positivism or Logical Empiricism. This approach to the philosophy of scien-
ce emphasizes the logical analysis of the language of science, both the langua-
ge of theories and of observation, in which the content of science is expressed.
There is not much role for the cognitive siences in the approach to science tea-
ching. About all that is relevant is extensions of traditional psychological rese-
arch into theaching techniques appropriate to various sciences.

2. Method based science teaching

Here the emphasis is on the methods used to legitimate the accepted con-
tent of sience. Method based courses are typically found in pre-university edu-
cation and lower division university courses not intended for science majors.

Several different philosophies of science could contribute to method based
science teaching. One could appeal to logical empiricism, with its emphasis on
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formal, logical relations between evidence and hypotheses. One could also
appeal to Pragmatism, which emphasized more general features of scientific
method. One could even appeal to historical methodologies such as Imre
Lakatos’ «Methodology of Scientific Research Programmes» (1970) or Larry
Laudan’s «Problems Solving Methodology» (1977).

Method based science teaching also does not provide many opportunities
for utilities for results of the cognitive science. The methods in question are
typically defined in logical or otherwise «objective» terms having no reference
to actual human cognition.

3. Historically based science teaching

Here the focus is on the actual historical processes that led to the currently
accepted content of the science. Again, historically based courses are typically
found in preuniversity education and lower division university courses not
intended for science majors.

The philosophy of science aligned with historically based science teaching is
that of the «historical school» which includes such 1960s figures as N.R. Hanson
(1958), Thomas Kuhn (1962), and Stephen Toulmin (1972). It was the emer-
gence of this school in the philosophy of science that has led some science edu-
cators since the 1960s to consider seriously the history and philosophy of scien-
ce as a resource for science education (Duschl and Hamilton, 1992).

Here, finally, we begin to find a place for the cognitive sciences. In histo-
rically based science teaching one looks at the historical actors, the scientists,
who produced the scientific results we now have. Their cognitive processes are
clearly relevant to the story. So, in exploring these processes, it is appropriate
to employ the concepts and results of the cognitive sciences. Here I will note
only one example.

Philosophers of science, such as Nancy Nerssessiean (1992.%), and science
educators, such as John Clement (1982), have connected philosophical work on
conceptual change with ideas about mental models developed in the cognitive
sciences and applied the combination to science teaching. Their view is that
science teaching is not just a matter of providing students with new information,
as in a content based approach to science teaching. Rather, they argue, students
at all levels come to the study of science with their own theories already in place.
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Physics students, for example, come to the study of physics is really a matter of
inducing conceptual change. Anything we can learn from the cognitive sciences
about conceptual change is potentially relevant.

4. Agent based science teaching

Here the focus is on (a) individual agents, (b) operating in a historical pro-
cess, (c) utilizaing various methods, (d) producing scientific knowledge (con-
tent). An agent based approach to science teaching, therefore, incorporates
components from the other approaches and integrates them in a single appro-
ach focusing on individual agents, be they scientists or students.

An agent based approach to science teaching goes naturally together with
a cognitive approach to the philosophy of science. Scientists and science stu-
dents, after all, are cognitive agents. Different philosophers of science, of cour-
se, emphasize different aspects of the cognitive sciences. Paul Churchland
(1989), for example, focuses on the neurosciences; Nancy Nerssessian (1992b)
on cognitive psychology; Paul Thagard (1988,1991) on artificial intelligence.
At the moment, I think we have most to learn from cognitive psychology
(Giere, 1988, 1992, 1994), although nothing can be ruled out z priori.

5. What about a socially based approach to science teaching?

In recent years there have been major developments in the social studies of
science. Should we attempt to incorporate this work into science teaching? To
some extent, yes, but it should not be the focus of our approach to science tea-
ching. An agent based approach assumes that scientists and students are cog-
nitive agents. They are also human agents, cultural agents, economic agents,
gendered agents, and so on. These roles all interact. So what scientists do as
cultural agents influences, in all kinds of ways, what they do as cognitive
agents. This fact should not be ignored by science teachers or hidden from
science students. Sometimes, the best explanation of the acceptance, or rejec-
tion, of a scientific theory by scientists is to be found in their involvements in
others roles within the broader society. A major focus on the social aspects of
science, however, takes us too far from the methods and content that must
retain a central role in science education.
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6. Conclusion

There is increasing interest among science educators in both the history
and philosophy of science and in the cognitive sciences. The lesson of this
brief note is that there are different approaches to science education, different
approaches to the philosophy of science, and different approaches to cogniti-
ve science. The success of any combination will depend in large measure on
how well the different approaches can be integrated. My own suggestion is
that an agent based understanding of science education best integrates science
education, philosophy of science and cognitive science.
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