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Efforts to apply systematic methods to problems of
scientific discovery involve many steps, few of which are
explicitly discussed in the literature. Here we attempt
to characterize the main stages of the process, includ-
ing some that appear as important to successful results
as the discovery method itself.

Formulating the Problem

The first step in using a discovery technique involves
problem formulation, that is, stating some task in terms
that can be addressed by a well-defined method. For
example, to discover regularities in the area of molec-
ular biology, one might reformulate the problem as
supervised induction, as unsupervised clustering, as
grammar acquisition, or as theory revision. Successful
application of discovery methods relies on the devel-
opers’ transformation of vague, ill-defined problems
into ones that can be solved by existing techniques,
making this stage worthy of documentation.

Determining the Representation

The second step in the automation of scientific discov-
ery concerns the selection of some representation for
both the data and the candidate hypotheses. We are
not referring here to the representational formalism,
such as a numeric laws or decision trees, but to the
attributes or variables included in one’s observations
and any additional descriptors included in the lan-
guage used for laws and theories. Such representation
engineering constitutes an essential step in the overall
discovery process, even in approaches that themselves
introduce new terms during the discovery process, and
researchers should describe this stage as well.

Preparing the Data

After deciding on a task and representation, one can
produce the data needed for the discovery process. In
some domains the data already exist or one can au-
tomate their collection, but even in such cases one
may need to remove outliers or otherwise alter the
data before processing them. Such data preparation
constitutes a third important step in the discovery of
scientific knowledge that developers should document
in their papers and talks.

Using the Discovery Method

Given a problem statement, a representation, and data,
a developer can proceed to apply the discovery method
to search for useful scientific knowledge. Descriptions
of the discovery method, typically in terms of operators
and heuristics used to search the space of hypotheses,
are given the most space in papers on scientific discov-
ery, despite the importance of the preceding stages.

Evaluating the Discovered Knowledge

The fact that a systematic discovery method finds some
regularities in data is encouraging but not sufficient.
One must also evaluate the discovered knowledge, just
as any new scientific result proposed by more tradi-
tional means. Thus, one should attempt to measure
the law’s or theory’s ability to account for the data,
compared to that for competing hypotheses, and report
the outcome, even if negative.

Describing the Scientific Result

Significant scientific results, whether found by com-
puters or humans, should be publishable in refereed
journals, where the review process provides additional
feedback about the discovery. Developers of discovery
methods should document discovered knowledge in de-
tail, so others can judge its importance for themselves.

Some Implications

In summary, the successful application of systematic
discovery methods involves a number of steps that pre-
cede use of the technique itself. In many cases, in-
formed decisions about problem formulation, represen-
tation engineering, and data preparation may be even
more important to success than details of the discovery
method. A complete description of the discovery pro-
cess should include these early stages, as well as a care-
ful account and evaluation of the discovered knowledge.
Because feedback from later stages may lead to changes
in earlier decisions, researchers should also document
revisions of this sort and the reasons for them. Such
an expanded trace of the steps leading to discoveries
seems a prerequisite to developing systematic methods
of the entire process.
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