Scientific Discovery from the Perspective
of Hypothesis Acceptance

Eric Martinf?
University of New South Wales

Daniel Osherson
Rice University

A model of inductive inquiry is defined within the context of first-order logic. The model
conceives of inquiry as a game between Nature and a scientist. To begin the game, a
nonlogical vocabulary is agreed upon by the two players, along with a partition of a
class of countable structures for that vocabulary. Next, Nature secretly chooses one
structure (“the real world”) from some cell of the partition. She then presents the sci-
entist with a sequence of facts about the chosen structure. With each new datum the
scientist announces a guess about the cell to which the chosen structure belongs. To
succeed in his or her inquiry, the scientist’s successive conjectures must be correct all
but finitely often, that is, the conjectures must converge in the limit to the correct cell.
Different kinds of scientists can be investigated within this framework. At opposite
ends of the spectrum are dumb scientists that rely on the strategy of “induction by
enumeration,” and smart scientists that rely on an operator of belief revision. We report
some results about the scope and limits of these two inductive strategies.

1. Introduction. Contemporary perspectives on scientific method separate
into two broad schools distinguished by how each perceives the investment
of a rational agent in a given theory. For the Probabilist School, invest-
ments are degrees-of-belief, distributed across all the theories in play. In
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contrast, advocates of Formal Learning Theory conceive of investment in
more absolute terms, and designate it as “acceptance.” Acceptance rep-
resents deliberate selection of a particular hypothesis as the one to elab-
orate, test, and defend at a particular moment of investigation. Such se-
lection is provisional and can be modified in light of new observations.
For analysis of the relations among acceptance, belief and intellectual
commitment, see Cohen (1992). Comparison of the probabilist school with
Formal Learning Theory is available in Earman (1992) and in Kelly
(1994). Instead of pursuing the comparison, the goal of the present paper
is to convey a sense of the acceptance-based perspective on scientific dis-
covery. We begin by describing a guessing game that embodies funda-
mental features of the approach. The game is played between two players.
Call them “Nature” and “the scientist.” The following pieces are used.

1. A countable, first-order language L, with identity and variables v0,
vl, v2, etc. (We denote the ith variable by vi, and similarly for
other indexes needed below.)

2. A collection C of countable structures that interpret L.

3. A partition of the collection C into cells.

To illustrate, let the nonlogical vocabulary of L be limited to a single
unary predicate, say, H. Let the countable structures in C be all those in
which the extension of H is finite. And let the partition be based on the
cardinality of H’s extension. In one cell, the extension has cardinality 0;
in another, it has cardinality 1, and so forth (there is no cell for infinite
cardinality).

Nature prepares herself for the game as follows. First she chooses one
structure S from some cell of the partition. Pursuing our illustration, she
may choose the structure consisting of the natural numbers, with H inter-
preted as the set {5, 7, 9}. She then maps the variables of L onto the
domain of S, thereby using the variables as temporary names for all the
objects in the countable universe of S. Nature is allowed to choose any
surjective mapping she pleases. For example, she might map both v(2i)
and v(2i+ 1) to the number i. Nature’s choice of structure and variable-
mapping will be called Nature’s interpretation.

Now the game begins. Nature starts by selecting a basic formula that
is true in her interpretation. (Recall that a basic formula is an atomic
formula or its negation.) Following our example, she might choose any of
Hv10, —Hv5, Hv19, v4 = v5, v4 # v_8, etc. In response to Nature’s basic
formula, the scientist designates a cell of the partition, for example, the
cell consisting of all structures in which H’s extension has 1 member. It is
then Nature’s turn again. She chooses a new basic formula that is true in
her interpretation. Thus, two basic formulas now stand revealed. The sci-
entist responds to them with another designation of a partition cell. The
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new cell may or may not be identical to the first one. The two players go
on like this forever. In each round, Nature reveals a new basic formula,
and the scientist responds with a conjectured cell of the partition.

Here are the rules governing play. Nature can withhold no fact forever.
That is, for every basic formula that is true in Nature’s interpretation,
there must be a round of the game in which Nature reveals it. The scientist
wins the game just in case for all but finitely many rounds, he announces
the cell from which Nature’s chosen structure was drawn. That is, the
scientist wins just in case he converges to the correct partition member.

If you are willing to conceive of the starting collection of structures as
possible worlds, then our game looks a little like science. Collections of
worlds are often called “propositions,” so the partition represents a set of
mutually exclusive propositions, one of which is true (namely, the one
from which Nature draws the real world). The scientist’s job is to discover
the true proposition by examining facts about the world. If Nature’s list
of basic formulas begins with —Hv3, Hv7, —HvS8, v7 # v8 then the facts
can be stated informally like this:

The first object I've seen (denoted arbitrarily by v3) does not satisfy
H. The second object does satisfy H. The third object does not. The
second and third objects are distinct etc.

As in scientific settings, the available facts might never imply the correct
proposition. For example, in our illustration, at no stage of the game is
the cardinality of H’s extension revealed to the scientist; the next datum
might inflate it. But success in the game may nevertheless be possible.

Indeed, in our illustration, the scientist has a reliable strategy, one that
works no matter what Nature chooses. If at each round of the game he
guesses the cell corresponding to the smallest cardinality for H that is con-
sistent with his data, then he is guaranteed to converge to the correct cell of
the partition. So, this game can be won reliably. In contrast, suppose that
we add a cell made up of structures in which the extension of H is infinite.
Then it can be shown that no scientist is reliable for the game based on this
expanded partition. In other words, no mapping from data to cells of the
expanded partition is guaranteed to converge to the right cell.

Let’s give a name to reliable success. We say that the scientist solves a
partition if no matter what structure Nature chooses, no matter how she
maps variables onto the structure’s domain, and no matter how she lists
the basic facts, the scientist’s guesses converge to the cell from which the
structure was drawn. Thus, our first partition is solvable, in the sense that
some scientist solves it. In contrast, the expanded partition is not solvable.

To describe a different kind of partition (over a new vocabulary), call
a total order one-sided if it has a least point or a greatest point but not
both. Suppose that L contains just the binary relation symbol R (along
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with identity), and consider a partition of all countable structures that
interpret R as a one-sided order. In one cell lie the one-sided orders with
a least point. In another cell are the one-sided orders with a greatest point.
There are no other cells. For future reference, let us call this example the
one-sided split. This partition is solvable, as we’ll see shortly. It becomes
unsolvable if a third cell is added containing the two-sided orders, namely,
total orders with both a least and greatest point.

The one-sided split and its extension have the particularity of being
specifiable within L. The class of one-sided structures with a least point
(or a greatest point) can be defined by a single sentence, as can the class
of two-sided orders. More generally, we call a partition first-order definable
if there is a set T (possibly infinite) of sentences, and further sentences
01 ...06n such that T implies exactly one of the 6i’s, and cell i of the
partition consists of the countable models of T U {6i}. First-order defin-
able partitions resemble scientific settings in which an underlying theory
delimits the collection of possible realities, and research is oriented toward
extending the theory by choice among a finite set of additional axioms.
We have already seen that first-order definability is neither necessary nor
sufficient for solvability. Thus, our first example—involving different finite
cardinalities for the extension of the predicate H—is solvable but not first-
order definable. And expanding the one-sided split by adding a cell for
the two-sided orders yields a partition that is first-order definable but not
solvable.

As our examples suggest, it can be challenging to trace the boundary
between the solvable and unsolvable partitions. Combinatorial conditions
for solvability have been investigated in recent years, with progress re-
ported in Martin and Osherson (1998).

The inductive games we have described can be modified in various
ways. The restriction to countable structures can be dropped, whereas a
restriction to computable scientific strategies can be imposed. The data
available to the scientist can be limited to just the atomic formulas (no
negations), or enriched to include universals or other kinds of formulas.
Some vocabulary from the background language can be considered “theo-
retical,” and left unrepresented in the data. The data can also be corrupted
in ways that mirror the plight of real scientists (e.g., some facts can be
missing; others, specious). Scientists can be made less passive, and allowed
to choose the next atomic formula whose truth value will be revealed.
Success can be made a graded affair, measured in terms of the probability
of converging to the correct cell of a partition. Moreover, the impact of
any such modification can be assessed in the context of special kinds of
partitions, such as the first-order definable partitions just discussed. And
the different models can be compared to the Bayesian picture, which es-
chews the choice of a specific hypothesis at each round of the game in
favor of a distribution of credibility over all the cells.
























