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The Stalnaker/Lewis semantics for counterfactual conditionalsis based
on athought experiment proposed by Frank Ramsey. We show that
intuitive judgments of the truth of counterfactuals violate predictions
derived from the Stalnaker/Lewis semantics. The pattern of violations
suggests that the process of counterfactual reasoning follows a different
pattern from the process implicit in Ramsey's thought experiment.

A counterfactual conditional is a statement of the form, "If P were true, then Q would be true",
where P is aproposition that is known to be false, and Q is another proposition. For example, "If
Richard Nixon had not resigned from the presidency, he would have been impeached”, isa
counterfactual conditional. The English philosopher, Frank Ramsey, proposed an influential heuristic
analysis of conditional statements which was meant to apply to counterfactuals as well as other forms of
conditionals.

In general we can say with Mill that 'If p, then g' means that q isinferrible from p, that
is, of course, from p together with certain facts and laws not stated but in some way
indicated by the context. (Ramsey, 1931, p.248).

Stalnaker interpreted Ramsey's approach as a sequence of inferential steps applied to a knowledge base:
To evaluate the truth of a counterfactual conditional,

First, add the antecedent (hypothetically) to your stock of beliefs; second, make
whatever adjustments are required to maintain consistency (without modifying the
hypothetical belief in the antecedent); finally, consider whether or not the consequent is
then true. (Stalnaker, 1968).

We will say that a counterfactual conditional is evaluated by a Ramsey thought experiment if the
cognitive process by which it is evaluated proceeds through the steps described in the Stalnaker
guotation. The heuristic model of the Ramsey thought experiment has been central to investigations of
counterfactuals from the diverse standpoints of analytical philosophy (Goodman, 1947, 1965),
intensional logic (Stalnaker, 1968, 1984; Lewis, 1973), cognitive psychology (Johnson-Laird, 1986; Rips
& Marcus, 1979), and artificial intelligence (Ginsberg, 1986).

It isthe thesis of this paper that the cognitive processes underlying intuitive counterfactual
reasoning are quite different from the Ramsey thought experiment. We will argue that a counterfactual
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is evaluated by mentally constructing two alternatives, one alternative in which the antecedent and
consequent are both true, and a second in which the antecedent is true and the consequent is false; a
counterfactual appearsto be true to the extent that the first alternative is more plausible than the second.
Our arguments are based on the results of psychological experiments. We first describe a theory of
counterfactuals due to Stalnaker (1968, 1984) and Lewis (1973), and derive testable relations among
counterfactuals from this theory. These relations are also implied by other theories that elaborate the
heuristic of the Ramsey thought experiment. We report the results of an experiment testing whether
intuitive counterfactual judgments exhibit the predicted relations. To anticipate our results, intuitive
counterfactual judgments violated predictions derived from the Stalnaker/Lewis analysis.

THE STALNAKER/LEWIS THEORY OF COUNTERFACTUAL SEMANTICS

The Stalnaker/Lewis theory is developed within the framework of possible worlds semantics
(Kripke, 1963; Lewis, 1973; Montague, 1974). Possible worlds are abstract entities relative to which
propositions have truth values. The truth values of propositions can differ from one possible world to the
next. The actual state of the world is treated as one world in the set of possible worlds. Let R denote the
actual world, and let o and 3 denote other possible worlds. The Stalnaker/Lewis theory postul ates the
existence of a measure of similarity, S, between the actual world and other possible worldsl; let S(a, R)
> S(B, R) indicate that o is more similar to the actual world than 3. For example, aworld in which
Richard Nixon did not resign and he remained under political attack is more like the actual world than a
world in which he did not resign and the political attacks spontaneously ceased.

We say that o isa P-world if the proposition P istruein a.. According to Stalnaker and Lewis,
for any P, there exists a set 1 that satisfies two conditions:

(8 rtpisasetof P-worlds, i.e, Pistrueinevery worldin tp,

(b)  Every P-worldin tp ismore similar to R than any P-world not in tp. In other words,
S(a, R) > S(B, R) whenever a € 1p, B ¢ 1p, and a. and B are P-worlds.

If aisaworldin tp, wewill say that o isamaximally similar P-world. Stalnaker (1968, 1984)
maintained that for any P, there is a unique most similar world in which P istrue, i.e., T, always contains
asingle possible world. Lewis (1973) proposed that there might be several different worldsin which P
istrue, all of which are similar to R to the same maximum degree. We will follow Lewis in postulating
that T, may contain more than one world.

Let P — Q denote the statement, "If P weretrue, Q would be true." According to
Stalnaker/Lewis, P — Q istrueif and only if either

Cl1l. Thereisno worldinwhich P istrue, or
C2. Qistrueinevery worldin tp.

Clause C1 coversthetrivial case where P islogicaly false, e.g., "If 2 + 2 = 3, the national debt would be
eliminated" istrue because 2 + 2 = 3isfasein every world. Clause C2 captures the primary intuition
behind the Stalnaker/Lewistheory. To decide whether P — Q istrue, we should consider the P-worlds

1 Sisassumed to be an ordinal measure of similarity defined on all pairs of worlds and not merely on
pairs of the form (a, R). We will not need these more general relations here.
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that are most similar to R, and ask whether Q istruein all such worlds. For example, was Richard Nixon
impeached in al maximally similar worlds in which he did not resign? If so, we can assert that Richard
Nixon would have been impeached if he had not resigned.

IMPLICATIONS OF THE STALNAKER/LEWIS THEORY

Let X ano Y denote the truth functional conjunction of X ano Y, and let X or Y denote the truth
functional disjunction of X and Y. The Stalnaker/Lewis theory implies the following:

Proposition 1: For any A, X and Y, if A— X anp Y istrue, then A - X and A —» Y aretrue.

Proposition 2: Forany A, Xand Y, if A —» Xistrue, then A —» X or Y, istrue, and if A — Y istrue, then
A — XorYistrue

Proposition 3: For any A, X and Y, if A— X anp Y istrue, then Aano X — Y and Aano Y — X aretrue.

Propositions 1 - 3 are obviously true by clause C1if A isfalsein al possible worlds. Therefore we will
only consider cases where A istruein at |east some possible worlds. To prove proposition 1, suppose
that A — X anp Y istrue. Then X ano Y istruein every world in t,; hence, X istruein every world in
5, and Y istruein every world in t,. Therefore A— X and A — Y are both true. To prove proposi-
tion 2, suppose that A — X istrue. Then X istruein every worldint,. Hence X or Y istruein every
worldint,, SOA — X or Y istrue. To prove proposition 3, suppose that A — X anp Y istrue. Then

X anp Y istruein every world in t,. But Aistruein every world in t, by definition of t,, and X istrue
in every world in t, because X ano Y istruein every worldin t,. Therefore A ano X istruein every
world int,. Thusty 4o x Must equal t, for if not, A ano X would be true at worlds that are more similar
to R than the worldsin t,, contradicting that T, contains the maximally similar A-worlds. HenceY is
true at every world in t, , o x (= T4). Hence A ano X istrue by clause C2 of the Stalnaker/Lewis theory.

EXPERIMENTAL TEST OF PROPOSITIONS 1, 2 AND 3

Our general procedureisto present subjects with a background story followed by a series of
counterfactual statements. Subjects are asked to rate the statements for "how true or false they seem to
be'. The critical statements have theforms, A — X,A—Y,A— XawY,A—> XY, and
A ano X — Y. We assume that if one counterfactual isimplied by a second counterfactual, the former
counterfactual should receive the higher rating, for any evidence or argument that supports the latter
counterfacctual must also support the former. The response patterns predicted by propositions 1 - 3 are
summarized in Table 1.

Miyamoto and Dibble (1986) tested propositions 1 and 2, and found violations of both proposi-
tions. The violations were analogous to conjunction and disjunction fallacies previously observed in sub-
jective probability judgment (Morier & Borgida, 1984; Tversky & Kahneman, 1983). Propositions X and
Y were chosen such that X would have been arepresentative outcome and Y an unrepresentative outcome
relative to a background story and a counterfactual antecedent A. Statistically reliable violations of
proposition 1 and 2 were found in the degree of truth ratings; A — X wasrated higher than A — X or Y,
and A — X ano Y was rated higher than A — Y. The present study extends these findings in three ways.
First, we test proposition 3 as well as replicating the tests of propositions 1 and 2. Second, we introduce
aminor alteration that controls against an alternative explanation to be described below. Third, and most
important, whereas Miyamoto and Dibble (1986) noticed only that violations of propositions 1 and 2
contradict the Stalnaker/Lewis theory, we emphasize that violations of propositions 1 - 3 are inconsistent
with the serial inferential process of the Ramsey thought experiment. Thuswe are able to identify the
information processing implications of these results.
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TABLE 1
Predicted Relations in Rated Truth

Proposition 1 A->X > A->XawY
Conjunction Test A->Y > A->XawY
Proposition 2 A->X < A—->XorY
Digjunction Test A->Y < A—->XorY
Proposition 3 AanoX—>Y > A->XawnY
Conditionalization Test AapY—>X > A—->XawmY

EXPERIMENTAL METHOD

Subjects read a background story concerning a couple, the Conley's, and their decision whether
to vacation in New Y ork City or the Canadian Rockies. For brevity, we will omit the story, but the main
points are as follows. The Conley's eventually decided to vacation in the Rockies. From their discussion
of the New Y ork option, however, it is clear that they were very interested in visiting art museums, luke-
warm with respect to attending the opera, very interested in hearing live jazz, and not interested in taking
walksin Central Park. Two sets of counterfactual statements were constructed to test propositions 1 - 3.
These sets were:

Setl

A — X: If the Conley's had vacationed in New Y ork, they would have visited art museums.

A — Y: If the Conley's had vacationed in New Y ork, they would have attended the opera.

A — X anp Y: If the Conley's had vacationed in New Y ork, they would have visited art museums, and they would
have attended the opera.

A — X or Y: If the Conley's had vacationed in New Y ork, they would have visited art museums, or they would
have attended the opera, or both.

A anp X — Y If the Conley's had vacationed in New Y ork and visited art museums, they would also have
attended the opera.

Set 2

A — X: If the Conley's had vacationed in New Y ork, they would have heard outstanding live jazz.

A — Y: If the Conley's had vacationed in New Y ork, they would have gone for late evening walks in Central
Park.

A — X anp Y: If the Conley's had vacationed in New Y ork, they would have heard outstanding live jazz, and
gone for late evening walks in Central Park.

A — X or Y: If the Conley's had vacationed in New Y ork, they would have heard outstanding live jazz, or gone for
late evening walks in Central Park, or both.

A anp X — Y If the Conley's had vacationed in New Y ork and had heard outstanding live jazz, they would have
gone for late evening walks in Central Park.
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TABLE2
Setl Set 2
A—>X 26.0 24.0
A->Y 3.0 15.0
A—> Xanp Y 11.0 19.0
A—>XorY 18.0 21.0
Aanp X >Y 5.0 15.0
TABLE 3

Percentage of times the row rating exceeded the column rating;
* indicates p < .05, two-tailed sign test; ** indicates p < .01, two-tailed sign test.

Setl A->Y A—> XanpY A—>XorY Aanb X—>Y
A—>X 97% ** 96% ** 90% ** 97% **
A Y 12% ** 5% ** 38%
A—>Xanp Y 30% ** 91% **
A—XorY 97% **
Set 2 A->Y A— XanpY A—>XorY Aanb X—>Y
A X 90% ** 88% ** 2% ** 9204 **
A Y 30% ** 14% ** 61%
A—>Xanp Y 20% ** 80% **
A—XorY 90% **

Each subject read the background story and rated the statements for "how true or false they seem based
on the information in the preceding story and whatever else you know about the world." The 10
statementsin sets 1 and 2 were mixed with 15 additional counterfactual statements concerning related
topics. Four random orderings of the statements were used in the experiment; subjects were randomly
assigned to one of the four orderings. Ratings were made by placing a mark on a horizontal line that was
labeled "Absolutely true" at one end, and "Absolutely false" at the other end. Intermediate positions on
the line indicated intermediate degrees of truth. Responses were coded on a scale from 1 (= absolutely
false) to 30 (= absolutely true).

RESULTS AND DISCUSSION

Subjects were 70 University of Washington undergraduates (mean age = 20.3, SD age = 3.16).
None of the subjects had had a coursein logic. There were no important differences between subjects
receiving the different orderings of the statements, so results will be pooled across the orderings.

Table 2 lists the median ratings for the five statementsin sets 1 and 2, and Table 3 lists the
results of sign tests for differences between pairs of statements. For both sets of statements, the
conjunction tests yielded violations of proposition 1. The A — Y statement received significantly lower
ratingsthan the A — X anp Y statement (p < .01). For both sets of statements, the digjunction tests
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yielded violations of proposition 2. The A — X statement received significantly higher ratings than the
A — X or Y statement. Finally, for both sets of statements, the conditionalization tests yielded violations
of proposition 3. The A — X anp Y statements received significantly higher ratings than the A ano X — Y
statement (p < .01).

The conjunction and disjunction tests replicate the findings of Miyamoto and Dibble (1986), but
also contribute a useful extension of their findings. Whereas the disjunctive statements in Miyamoto and
Dibble (1986) did not explicitly indicate whether the digunction was inclusive or exclusive, the
disjunctive statements in the present study tested whether X or Y "or both" would have occurred if A had
occurred. If "OR" isregarded as an exclusive digunction, the finding that A — X was rated higher than
A — X or Y isconsistent with the Stalnaker/Lewis theory. Thus, Miyamoto and Dibble (1986) was open
to the criticism that the purported violations of proposition 2 were spurious because some subjects may
have interpreted the disjunctive statements as exclusive disjunctions. The present study is not open to
thisobjection. It might also be objected that subjects may interpret the A — Y statement asA — Y sut
not X because A — Y is perceived as contrasting with A — X ano Y. This objection has aready been
raised with respect to conjunction fallacies in probability judgment (Marcus & Zajonc, 1985; Pennington,
1984). We have explored thisissue in additional experiments which cannot be reported here because of
space limitations. To give the gist of our rejoinder, however, we examined the conjunctiontestin a
between-subj ects experiment where different subjectsrated A - X, A —» Y,and A - X ano Y. Insuchan
experiment, one findsthat A — X ano Y is still rated higher than A — Y. A between-subjects design
eliminates the possibility that subjects contrast A — Y with A — X ano Y because different subjects rate
the two statements. We have also presented subjects with statements that have theforms A - X, A - Y,
A — Xano Y, and A — Y surnor X. Wefind that the ratings of A — Y are quite different (and generally
higher) than the ratings of A — Y sutnor X.

CONCLUSIONS

It isclear that intuitive counterfactual reasoning violates the conjunction, disunction and
conditionalization tests. We will refer to these violations as anomal ous counterfactual judgments. What
are the implications of these anomalies? First, we should recognize that the Stalnaker/L ewis theory was
proposed as a normative theory of counterfactual inference, rather than as a descriptive theory of naive
counterfactual judgment (Lewis, 1973; Stalnaker, 1968, 1984). Our results do not undermine the
normative status of the Stalnaker/Lewistheory. Second, although we derived propositions 1 - 3 from the
Stalnaker/Lewis theory, we believe they are consequences of most theories of counterfactual inference
that are based on the Ramsey thought experiment. Thisisespecially clear for propositions 1 and 2. If X
AND Y isinferrible from the antecedent A and other contextually relevant beliefs, then surely X alone
must be inferrible from A and these beliefs. Similarly, if X isinferrible from A and other contextually
relevant beliefs, then surely X orR Y isinferrible from A and these beliefs. Thus propositions 1 and 2 are
consequences of the inferential structure of Ramsey's thought experiment, rather than any peculiar
feature of the Stalnaker/Lewis theory. Proposition 3 is also plausible within a Ramsey thought
experiment, for if X AND Y isinferrible from A together with other contextually relevant beliefs, then X
isinferrible from A together with these beliefs, and Y isinferrible from A and X and these other beliefs.
Therefore Y isinferrible from A AND X together with other contextually relevant beliefs. Thus
proposition 3 also follows from the inferential structure of Ramsey's thought experiment. Of course, the
present argument is not rigorous, for theinitial statement of the Ramsey thought experiment was
heuristic rather than formal and precise.
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The essential problem with the Ramsey thought experiment, as we seeit, isthat a Ramsey
thought experiment derives the consequences of a counterfactual antecedent without regard to the
consequent of the specific counterfactual that is being evaluated. Thus, counterfactuals that have
identical antecedents undergo identical processing up to the point at which one tests whether the
consequents are true in the belief structure derived from the antecedent and current belief. The existence
of anomalous counterfactual judgments demonstrates that intuitive counterfactual inference does not
proceed serialy through the three steps of a Ramsey thought experiment.

We propose to analyze intuitive counterfactual inference along different lines from the Ramsey

thought experiment. Suppose one is evaluating the truth of A — X. We propose that the inference
proceeds through five stages.

1. AddA and X to the current set of beliefs.

2. Construct the most plausible mental model in which A and X are both true. We assume that thereis
a subjective measure, P [A, X] , that represents the subjective plausibility of this mental model.

Return to theinitial belief state, and add A and NOT-X to these beliefs.

4. Construct the most plausible mental model in which A and NOT-X are both true. Let
P [A, NoT-X] denote the subjective plausibility of this mental model.

5. Evaluate the relative plausibility of these two models, i.e., base the judgment of the truth of A — X
ontheratio, P[A, X] /P[A, noT-X].

We will refer to the procedure defined by steps 1 - 5 as the Relative Plausibility model.

Space limitations prevent us from fully discussing how the Relative Plausibility model accounts
for anomalous conditional judgments, but the general line of argument will be sketched here. To derive
the anomal ous conjunctive anomalies, assume that the plausibility, P [A, X] , isafunction of the
similarity between a mental model in which A and X are true and a mental model of the present situation.
As Tversky (1977) has shown, it is possible to increase the similarity of an instance by increasing the
number of featuresit shareswith atarget. Thus, if X isarepresentative consequenceand Y isan
unrepresentative consequence of A, we should have that P [A, X AND Y] > P [A, Y]. Furthermore, NOT-
X is an unrepresentative consegquence and NOT-Y is a representative consequence of A; hence,

P[A, NoT[X AND Y]] <P[A, NOT-Y]. Thus, P[A, X AND Y] /P [A, NOT[X AND Y]] >

P[A, Y] /P[A, NOT-Y]. By step 5 of the Relative Plausibility model, A — X ano Y should be rated as
more true than A — Y. The derivation of disjunctive anomaliesis similar. The anomalous
conditionalizations (Proposition 3) can be derived asfollows. Therelative plausibility of A — X ano Y
and A ano X — Y is determined by the ratios, P [A, X AND Y]/P [A, NoT[X AND Y]] and P [A AND X,
Y]/P[A AND X, NOT-Y]. Assuming that P [A, X AND Y] =P [A AND X, Y], the relative plaubility of
A — X ano Y and A ano X — Y is determined by 1/P [A, NoT[X AND Y]] and 1/P [A AND X, NOT-Y].
But P[A, NOT[X AND Y]] < P[A AND X, NOT-Y] because A and X are a plausible combination.
Therefore A — X ano Yshould be rated more truethan A ano X — Y.

The Relative Plausibility model differs from the Ramsey thought experiment in that the content
of the consequent influences the mental models that are constructed in the course of evaluating a
counterfactual. The Relative Plausibility model accounts for anomal ous conditional judgments by
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restructuring the cognitive process that is postulated to underly counterfactual inference, and by adopting
aspects of Tversky's similarity model in the evaluation of the plausibility of mental models.
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