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Abstract

Reasoning about matters of fact and reasoning about
matters of possibility and impossibility may depend on
the same sorts of mental representations and processes.
We illustrate o mental model theory of counterfactual
thinking with reference to the action effect (the tendency
to regret actions more than inactions) and we describe an
experiment which examines the effects of short-term and
long-term  perspectives on regret for actions and
machions

Counterfactual Thinking

Everyday thinking focuses on facts or possibilities. It may
focus on present facts, e.g.. “Clinton is president of the
US™ or past lacts, e.g.. “"Kennedy was president of the
US”". as Table 1 shows. Tt may focus on present
possibilities (that could happen given the actual state of
the world). c.g.. ~Clinton resigns” or past possibilities
(that could have happened given the actual state but did
not). e.g.. “Clinton resigned in 1995”7 (see Johnson-Laird
& Byrne. 1991, Chapter 4). It may cven focus on
impossibilitics (that could never happen in the past or
present). such as. “Clinton is president of Australia™,

Present Past

Factual Clinton 1s Kennedy was
president president

Non-lactual

Possibilities  Clinton Clinton resigned
resigns in 1995

Clinton was
president of
Australia

Impossibilities Clinton is
president of
Australia

Table |: Examples of factual and non-factual events
in the past and the present time
(with counterfactual events in italics).
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Thinking about past possibilities and past or present
impossibilities is often called counterfactual thinking' and
it has been addressed by researchers interested in the
psychology of counterfactual thinking (e.g., Kahneman &
Tversky, 1982; Roese & Olson, 1995), as well as the
philosophy (e.g., Lewis, 1973; Stalnaker, 1968),
linguistics (e.g.. Dudman, 1988) and artificial intelligence
(e.g., Ginsberg, 1986) of counterfactual thinking.

Counterfactual thinking is important in many aspects of
cognition. For example, thinking about counterexamples
to conclusions helps people 1o make deductive inferences
(e.g.. Johnson-Laird & Byrne, 1991); and thinking about
whether an outcome would have happened without its
potential cause helps people to make causal inferences
(e.g.. Chisholm, 1946; Kahneman & Miller, 1986).
Thinking about what would be possible helps people to
construct sub-goals in problem-solving (e.g., Ginsberg,
1986; Keane, 1997) and in creative discovery (e.g.,
Hofstadter,  1985). Thinking about counterfactual
possibilities helps people to improve their performance
(e.g., Markman, Gavanski, Sherman, & McMullen,
1993). People think about the way things might have
been to learn from mistakes (e.g., Roese & Olson, 1995)
and these thoughts can result in a range of emotions
including regret, relief, blame, guilt. and so on (e.g.,
Davis, Lehman, Wortman, Silver, & Thompson, 1995;
Gilovich & Medvec, 1994).

The counterfactual scenarios that people generate tend to
make minimal changes to the factual scenario (Pollock,
1986), although some counterfactual scenarios may be
more similar to the factual scenario than others, or more
accessible from it (Lewis, 1973; Stalnaker. 1968). The
mutations may be along the “joints™ of reality (Kahneman
& Tversky, 1982), where reality is at its most “slippable”™
(Hofstadter, 1985). The mutability of aspects of reality
may be guided by primary categories of mental life. such
as space, time, causality, intentionality, and so on (Miller
& Johnson-Laird, 1976). For example, temporal order
affects mutability: people undo the most recent event more

" Thinking about counterfactual possibilities in the future
is similar to thinking about counterfactual possibilities in the
past but it also displays some intriguing vagaries (see e.g..
Lewis, 1979).
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than carlier events i an mdependent (non-causal) sequence
ol events (NTer & Gunesagaram, 1990). Likewise, causal
order alfects mutability s people undo the Tirst cause in a
causal sequence more than other causes (Wells, Taylor, &
Turtle.  1987). The intentionality of the events affects
mutabihitv: - people regret their actions rather than their
Failures to act (Kahneman & Tvershy. 1982), at least in
the short term (Gilovich & Medvee, 1994), and they undo
events that are unusual rather than routine (Kahneman &
Tvershy. 19R2),

We suggest that the nature of the mental representations
that people construct of factual situations constrains the
nature of the alterations they make to  reality when
constructing alternative  scenarios  (Byrne,  1997). We
propose that reasoners construct a particular sort of mental
representation ol factual  situatons mental  models
(Johnson-Laird. 1983 Johnson-Laird & Byrne, 1991).
Mental models are mental representations that are close to
the structure of the world rather than to the structure of the
language that describes the world (Johnson-Laird, 1983).
Models contain as little information as possible that is
represented explicitly, because of the limitations of
working memory. and so models represent as much
information as possible in an implicit form (Johnson-
Laird & Byrne. 1991). Consider the assertion, “If there
wis o triangle on the blackboard then there was a star”,
The information in the premise may be represented in the
following iniual set of models:

A

Separate models are represented on separate lines in the
diagram: in the first model it is true that there is a triangle
and it is true that there is a star. The set of models
represents only those possibilities that are true, for
example. they do not represent the falsity of the situation
where there 1s a triangle and no star. The content of the
second model in the set -- represented in the diagram by
the three dots -- is wholly implicit. The models may be
fleshed out to be more explicit if necessary, and people
may make a mental footnote about how to flesh-out
implicit information (see Johnson-Laird & Byrne, 1991).
The fully fleshed-out set of models (for an implication
interpretation of the conditional) represents explicitly the
three states of aftairs in which the conditional is true:

A
not-A
not-A

not-+

where “not” is a propositional-like tag to represent
negation. and “not-A" indicates there is no triangle.
Because of the constraints of working memory. people
find it easier 1o make inferences that require a single model
than interences that require multiple models to be kept in
mind. The suggestion that reasoners rely on these sorts of
models 1o make deductions has been corroborated
experimentally for a range of different sorts of deductions
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including suppositional inference (e.g., Bymne & Handley,
1997) and the model theory of deduction has been modeled
computationally (Johnson-Laird & Byrne, 1991).

One issuc ol primary importance to the cognitive
science of thinking and reasoning is whether or not people
rely on the same sorts of mental representations and
processes (o reason about matters of fact and matters of
possibility or impossibility. For example, philosophers
have long debated the challenge to a general theory of
conditionals posed by counterfactual conditionals, e.g., "Il
there had been a triangle on the blackboard then there
would have been a star” (e.g.. Lewis, 1973: Stalnaker,
1968). We suggest that people may reason about matters
of possibility in the same way as they reason about
matters of fact: by constructing and revising models. A
counterfactual conditional is represented by a more explicit
initial set of models than the factual conditional:

not-*
*

not-A
A

factual:
counterfactual:

because of its presuppositions and the models may be
annotated to indicate their epistemic status (Byrme &
Tasso, 1994; Johnson-Laird & Byrne, 1991).

When people generate counterfactual scenarios, they
change some facts to create a new scenario. A theory of
mutability must explain the aspects of a factual scenario
that people change when they think counterfactually and
so it is critical to know what facts people start with and
how they have represented them (Byrne, 1997). What
people tend to alter in the factual situation when they
think about how it might have been different may depend
on what they have represented explicitly in their models of
the factual situation (see also  Legrenzi, Girotto, &
Johnson-Laird, 1993). *Biases’ in deduction may emerge
from the sorts of models that people construct (Johnson-
Laird & Byrne, 1991), and likewise, “biases’ in
counterfactual thinking may emerge from the sorts of
models that people construct. Our aim in this paper is to
discuss this account with reference to an important ‘bias’
in counterfactual thinking -- the tendency to undo actions
more than inactions. We will first describe the action
effect, and then we will report the results of an experiment
that tests alternative explanations of it.

The Action Effect

People tend to regret their actions more than their failures
to act (Kahneman & Tversky, 1982). Consider the
following scenario:

John and Paul do not know each other, but both are enrolled
at the same elite university. Both are only moderately
satisfied where they are and both are considering
transferring to another prestigious university. They are
both told they must make their final decision before the end
of the year, Each agonizes over the decision, going back
and forth between thinking he is going to stay and
thinking he will leave. They ultimately make different



decisions: John opts to stay where he is. and Paul decides 1o
transfer. Suppose their decisions turn out badly for both of
them: at the end of the year. John is even more unhappy
where he is and wishes he had ransferred. and Paul is even
more unhappy at his new college and wishes he had stiyed
where he was. However it is too late for either of them to
reverse his decision. Who do you think would regret his
decision more on learning it was a mistake”

(see Byrne. McAlinney, & McEleney, 1997; Gilovich &
Medvec. 1994). Most people believe that the individual
who acted. Paul, would feel greater regret than the
individual who did not act, John. The action effect occurs
not only when people judge emotions from the perspective
of imaginary characters but also when they recall events
that they personally regret (Gilovich & Medvec, 1994),
One explanation of the action effect is that it arises
because actions seem (o depart from the status quo
(Kahneman & Miller. 1986): actions are “abnormal” in
this regard. Departures from normality may be more easily
mutated than normal events because the abnormal event
spontaneously recruits its corresponding norm (Kahneman
& Miller. [986). We suggest that people may construct
models that represent actions explicitly, and inactions
implicitly. For example. John and Paul are both in college
A and this starting point may be represented in the
models, along with the outcome that they are both
unhappy. The action of switching to a different college
may be represented explicitly, whereas the inaction of
staying in the same college may be represented implicitly:

dohin Tactual: mn college A unhappy
Paul  Tactual: in college A unhappy
switch to B unhappy

Working memory limitations may prevent people from
being able to construct all the possible counterfactual
models: Multiple models are difficult to keep in mind.
Instcad people may construct a partial set of the
counterfactual models on the basis of what is most readily
mutated in their representation of the factual situation.
People may lind it easier to construct counterfactual
scenarios by subtracting events rather than adding events
(Kahneman & Tversky. 1982; Roese, 1994). Subtracting a
madel from the set (e.g.. eliminating the second model in
the lacwal set of models for Paul to construct a
counterfactual set in which Paul is sull in college A)
results in fewer models to keep in mind than adding a
model (e.g.. inserting a second model in the factual set for
John 1o construct a counterfactual set in which John
switched to college B). Because people flesh out the
counterfactual model for Paul, they judge that he will
reerel his action. not staying in college A, more than John
will regret his inaction, staying in college A. Regret
depends on comparing the way a situation turned out with
an aliernative way in which it might have turned out better
(c.g.. Landman, 1987). Because an alternative is
constructed  more  readily for Paul, he 1s judged to
experience more regret,

75

We suggest that the action effect results from the
properties ol the mental representations that people
construct (Byrne, 1997). Iarst, they construct an initial set
of models that represents as little information as possible
explicitly because of the limitations of working memory:
they mentally represent the action explicitly in their
models and the inaction implicitly. Second, they do not
construct all the possible counterfactual models. Third,
aspects of the factual situation that are represented
explicitly in models are easier to mutate than aspects that
are not represented explicitly. Finally, the number of
models that must be kept in mind is an important
constraint in counterfactual thinking, just as it is in
factual thinking. A counterfactual scenario may be more
readily constructed by eliminating models than by fleshing
out models. These simple principles underlie the
representation of the factual situation and the generation of
a counterfactual situation based on it. These principles
can account for the observation that people tend to regret
their actions more than their failures to act.

The model theory of the action effect also explains the
related phenomena that comprise the core of the action
effect. For example, the action effect holds for good
outcomes too. Most people believe that an individual who
acted would feel better about the action than an individual
who did not act (Landman, 1987). However, the action
effect for good outcomes is not as strong as the action
effect for bad outcomes (e.g., Gleicher, Kost, Baker,
Strathman, Richman, & Sherman, 1990). For bad
outcomes, people judge that an individual who acted will
feel worse than an individual who failed to act regardless of
whether they are given an explicit counterfactual
alternative (“He now finds out that he would have been
better off if he had switched to college B.”) or not ("He
now finds out that he is worse ofl because he stayed in
college A.”). But for good outcomes, people judge that
the individual who acted will feel worse than the individual
who failed to act, only when an explicit counterfactual
alternative is provided (Gleicher et al, 1990). In the
absence of bad outcomes, the counterfactual models may
not be fleshed-out for either protagonist. But, when people
are given counterfactual alternatives, the alternatives are
represented explicitly in the set of models. Once they are
prompted to think of the counterfactual negative outcome
in this way, the action effect for good outcomes becomes
as high as it is for bad outcomes. The provision of the
explicit counterfactual alternative has no effect when the
factual outcome is bad because these situations
spontaneously bring to mind their good counterparts.

Long Term Perspectives on Action and Inaction

Although people regret their actions more than their
failures to act in the short-term, they appear to regret their
failures to act more than their actions in the long-term
(Gilovich & Medvec, 1994). When people are asked to
think back over their own lives and say what they regret
most, they tend to think of things they failed to do, such
as not pursuing hobbies or educational opportunities, not



spending enough time  with family and  friends. not
seizing the moment” (Gilovich & Medvec, 1994).  Their
memories for things they regretted from their past lives
shows an macton  ¢llect. Gilovich & Medvee (1994)
demonstrated  this —inaction  effect from  a  long-term
perspective with  the sort ol college-choice  scenario
deseribed carhier. Most of the people who were asked the
question: “Who do you think would regret his decision
more upon learning that it was a mistake?" indicated that
the individual who had acted would feel more regret. But
most ol the people who were asked the question "Who do
you think would regret his decision more in the long run?
thought that the individual who failed to act would feel
more regrel.

We have suggested that the action effect arises because
the models that people construct of the scenario represent
the action explicitly and the inaction implicitly. To
construct a counterfactual scenario. it may be easier (o
eliminate the model of the action, which is represented
expheitly in the models of the factual situation for Paul,
than itis to add a model of an action to the models of the
factual  sitwation  for John. But from a long-term
perspective. 1t appears  that  people construct  the
counterfactual scenario by adding a model rather than
deleung it.  In what circumstances is it easier to add a
model than to eliminate a model from the set? In the
domain of deductive reasoning, content and context can
help people to flesh out models (Johnson-Laird & Byrne,
1991). How does temporal perspective facilitate fleshing
out models in the domain of counterfactual thinking?

One possibility is that the temporal proximity of events
in the short-term may make them mutable, just as it is
casier 1o imagine catching an airplane missed by 5
minutes than an airplane missed by an hour (e.g., Miller
& McFarland. 1987). From the long-term perspective. the
temporal distance of events may make them seem part of
the immutable.  pre-supposed background. Temporal
proximity may aftect actions because they are represented
explicitly. but not inactions which are represented
implicitly. Temporal proximity may lead actions, because
they are represented explicitly. to be considered mutable in
the short-term but immutable in the long-term. Inactions,
because they are represented implicitly. may remain at a
constant lower level of mutability regardless of temporal
perspective and so they may be less mutable than actions
in the short-term but more mutable in the long-term,

A second possibility is that people maintain a good
outlook and flesh out their models to contain possible
good outcomes from events. Gilovich and Medvec (1994),
in considering several parallel explanations of the reversal
of the action effect to an inaction effect in the long term,
suggest that people may feel more responsible for their
actions. When actions lead to bad outcomes, they
experience more ‘cognitive dissonance’ than when their
inactions lead to bad outcomes. As a result of this
dissonance. they do more mental work to look on the
bright side of the outcomes of their actions: they seek out
the silver linings in clouds that arise from their actions

76

more than they do in ones that arise from their failures to
act. Hence, the only events people continue to perceive 1o
lecad to bad outcomes from the long-term perspective are
their lailures to uct (Gilovich & Medvec, 1994). It may
be that people flesh out their models to contain not only
the bad outcomes but also the possible good outcomes
from the action, because actions are represented explicitly.
They do not flesh out their models to contain possible
good outcomes from the inaction, because it is represented
implicitly. Over time, they may focus on the model of the
action and its good outcome; the model of the action and
its good outcome may continue o be represented
explicitly, and the model of the action and its bad outcome
may be represented implicitly. In the long term, their
representation of the factual situation for Paul may contain
a model ol his action and a good outcome, and their
representation of the factual situation for John may
contain a model of his inaction and a bad outcome,

To examine these different explanations we carried out
an experiment to establish whether the reversal of the
action effect to an inaction effect in the long-term also
occurs when people think about events that turned out
well. Our aim in the experiment was to test whether the
reversal of the action effect in the short-term to an inaction
effect in the long-term is confined to situations with bad
outcomes, such as being unhappy in college, or whether it
also occurs for situations with good outcomes, such as
being happy in college. The two alternative explanations
lead to different predictions. If temporal proximity
mediates fleshing out models than the reversal of the
action effect to an inaction effect in the long-term should
occur for scenarios that lead 1o good outcomes just as it
does for scenarios that lead to bad outcomes. If a good
outlook mediates fleshing out models than the reversal of
the action eftect to an inaction effect in the long-term
should occur for scenarios that lead to bad outcomes but
not for scenarios that lead to good outcomes, where there
is no need to look on the bright side.

We gave four groups of subjects one of four sorts of
scenario based on John and Paul and their college choices:
a short-term bad-outcome version, a long-term bad-
oulcome version, a short-term good-outcome version, and
a long-term good-outcome version. We constructed the
four different sorts of scenarios (described in the Appendix)
based on Gilovich and Medvec's (1994) college-choice
scenario, which we altered in several ways to clarify the
finality of the decision, and especially its long-lasting
impact (see Byrne, et al, 1997, for details). We assigned
190 undergraduates from Dublin University, Trinity
College, at random to one of four groups, and we gave
each group one of the four sorts of scenarios. The
participants task was to tick the name of one of the
individuals, John or Paul, in response to the question at
the end of the scenario.

As Table 2 shows, most of the subjects who received
the short-term bad-outcome scenario indicated that Paul,
the individual who acted. would feel more regret (61%).
In contrast, most of the subjects who received the long-



term  bad-outcome  version indicated that John, the
individual who had failed 1o act. would feel more regret
(769 ). More subjects judged that Paul who acted would
teel more regret in the short-term scenario (61%) than in
the long-term scenario (24% ) and this difference 15 reliable
(Chi" = 12.86, df = 1. p < 0.001). The experiment thus
rephcates Gilovich and Medvec's finding of a reversal from
an action cltect to an inaction effect over time for bad
outcomes. As Table 2 also shows, this reversal does not
oceur lor good outcomes. Most subjects who received the
short-term good-outcome version indicated that Paul, who
acted. would leel beuter about his decision (70%), and
likewise. most subjects who received the long-term good
outcome version indicated that Paul, who acted, would feel
better about his decision (76%) and there is no reliable
difference between them (Chi* = 0.23. df = I, p>0.05).
The results show that for bad outcomes people regret
their actions from the short term perspective and they
regrel their lailures to act from the long-term perspective;
but tor good outcomes they feel better about their actions
from both the short term and the long term perspective.

Short term Long term
Bud oulcome
Action 61 24
Inuction 39 76
Good outcome
Action 70 75
Inaction 30 25

Table 2: The percentages of judgments of greater
emotion for actions and inactions

The reversal to an inaction effect is confined 1o a long-
term perspective on had outcomes and it does not occur for
good outcomes. The data suggest that the reversal to an
inaction eflect in the long term for bad outcomes is not
the result of temporal proximity, but the result of a good
outlook. People lesh out their models to contain not only
the had outcome but also the possible good outcomes
from the action. because actions are represented explicitly.
In time. they focus on the action and its good outcome
more than its bad outcome. They do not flesh out their
models to contain good outcomes from the inaction,
because it is represented implicitly. Their models come to
represent the action and its good outcome and the inaction
and its bad outcome. For scenarios that lead to good
outcomes., there is no need to look on the bright side, and
s0 the reversal does not oceur.

Conclusions

People feel more strongly about their actions than their
inactions. We suggest that the action effect can be
explained by the following principles: people construct an
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initial set of models that represents as little information as
possible explicitly: they represent the action explicitly in
their models. They do not flesh-out all the counterfactual
models because of the constraints of working memory.
Aspects of the factual situation that are represented
explicitly in models are easier 1o mutate than aspects that
are not represented explicitly. The model theory of
counterfactual thinking has been advanced to account for
the action effect (Byrne, et al, 1997), as well the
temporality effect (Byrne, Culhane, and Tasso, 1995), and
a new spatial effect predicted by the theory (Byrne, 1997).

A theory of the mental representations and processes
that underlie the generation of counterfactual scenarios
requires a theory of the mental representations and
processes for factual scenarios. Reasoners may construct
mental models that correspond to the way the world would
be if the assertions were true. They may usually represent
what is true in their models; a unique feature of
counterfactual thinking is that it requires people to
represent explicitly not only what is true but also what is
false, temporarily supposed to be true. We suggest that the
representations and processes required for reasoning about
matters of fact and mauers of possibility are essentially
the same. What differs is what is represented explicitly in
the initial set of models.
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Appendix

The materials used in the experiment.

First paragraph (common to all four scenarios).

John and Paul do not know each other, but both are enrolled
at the samc chite university. Both are only moderately
satistied where they are and both are considering transferring
lo another prestigious university. They are both told they
must make their final decision before the end of the year. Each
agonizes over the decision, going back and forth between
thinking he is going to stay and thinking he will leave. They
ultimately make different decisions: John opts to stay where
he is, and Paul decides to transfer.

Second paragraph:
1. Long-term bad-outcome:

Suppose their decisions turn out badly for both of them: at
the end of the year, John is even more unhappy where he is
and wishes he had transferred, and Paul is even more unhappy
at his new college and wishes he had stayed where he was.
However it is too late for either of them to reverse his
decision. As a result they both drop out of college and
neither of them ever secures a good job. Who do you think
would regret his decision more on looking back on it ten
years later?

2. Short-term bad-outcome:
Suppose their decisions turn out badly for both of them: at
the end of the year. John is even more unhappy where he is



and wishes he had vansterred. and Paul is even more unhappy
at s new college and wishes he had stayed where he was,
However it s oo late tor either of them 1o reverse his
decision W ho do vou think would regret his decision more on
learning 1t was a mmstake?

A Long-term good-outcome:

Suppose their decisions turn out well for both ol them: at
the end ol the yedr, John is happier where he is and is glad he
stayed where he was, and Paul is happier at his new college
and s glad he transterred. They both do very well at college
and secure good jobs atter graduating. Who do you think
would teel better about his decision looking back on it ten
years later”!

4. Short-rerm good-ourcome:

Suppose their decisions twrn out well for both of them: at
the end ol the yvear, John is happier where he is and is glad he
staved where he wus, and Paul 1s happier at his new college
and is elad he transterred. Who do you think would feel better
about his decision on learning that it was the right one?
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