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Abstract

Mike accidentally knocked against a bottle. Seeing that the bottle was about to fall, Jack was just
about to catch it when Peter accidentally knocked against him, making Jack unable to catch it. Jack
did not grab the bottle, and it fell to the ground and spilled. In double-prevention cases like these,
philosophers and nonphilosophers alike tend to judge that Mike knocking into the bottle caused the
beer to spill and that Peter knocking into Jack did not cause the beer to spill. This difference in causal
judgment is a difficult puzzle for counterfactual theories of causal judgment; if each event had not
happened, the outcome would not have, yet there is a difference in people’s causal judgments. In four
experiments and three supplemental experiments, we confirm this difference in causal judgments. We
also show that differences in people’s counterfactual thinking can explain this difference in their causal
judgments and that recent counterfactual models of causal judgment can account for these patterns. We
discuss these results in relation to work on counterfactual thinking and causal modeling.
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1. Introduction

Mike, Jack, and Peter were at a party, and there was an open bottle of beer on the table.
Mike turned around and accidentally knocked against the bottle. Jack saw that the bottle was
about to fall. Since it was easily within his reach, Jack was just about to catch the bottle
when Peter accidentally knocked against him, making Jack unable to catch the bottle. Jack
did not manage to grab the bottle, and it fell to the ground and spilled. In double-prevention
scenarios like these (Fig. 1), philosophers and nonphilosophers alike tend to judge that Mike
knocking into the bottle—that is, the productive factor—caused the beer to spill and that Peter
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Fig. 1. Neuron diagram representing a double-prevention scenario. Each neuron represents a token-level event.
Colored neurons represent events happening, and uncolored neurons represent events not happening. Arrows rep-
resent stimulatory connections between neurons, lines with black dots at the end represent inhibitory (prevention)
connections between neurons. A represents the productive factor, B represents the possible preventer, C repre-
sents the double preventer, D represents the actualization of the possible preventer, and E represents the outcome.
Red represents the stimulatory pathway of the productive factor, gold represents the stimulatory pathway of the
possible preventer, and gray represents the inhibitory pathway of the double preventer.

knocking against Jack—that is, the double preventer—did not cause the beer to spill (Chang,
2009; Lombrozo, 2010; Moore, 2009; Paul & Hall, 2013). But why?

One of the most prominent ways to explain causal judgments is by employing counter-
factual theories, on which causal judgments depend on counterfactual thinking (Gerstenberg,
Goodman et al., 2021; Gerstenberg, Peterson et al., 2017; Hitchcock, 2007; Lewis, 1974;
Paul, 2010). On such views, when someone wants to know if an event caused an outcome,
they imagine a counterfactual alternative where the event did not happen and ask if the out-
come still would have happened in that alternative scenario. For instance, if someone wanted
to know if Mike knocking into the bottle caused the beer to spill, they consider a counter-
factual alternative where he did not knock into the beer and ask if the beer still would have
spilled. In that imagined alternative, the beer would not have spilled, so Mike knocking into
the beer made a difference to the outcome—his knocking into the bottle caused the beer to
spill.

While counterfactual theories explain a wide array of causal judgments (Gerstenberg,
Goodman et al., 2021), cases of double prevention are a major challenge for our best the-
ories of causal judgment (Bernstein, 2017; Hall, 2000, 2004; Hitchcock, 2010; Paul, 2010;
Woodward, 2012); counterfactual theories fail to explain why people tend to accept the pro-
ductive factor and reject the double preventer as the cause of the outcome in double-prevention
scenarios. When someone imagines the counterfactual where Mike had not knocked into
the bottle, the beer would not have spilled in this alternative scenario—ceteris paribus. As
such, it makes sense to claim that Mike knocking into the bottle caused the beer to spill.
But suppose someone imagines the counterfactual alternative where Peter had not knocked
into Jack. In this scenario, too, the beer would not have spilled. However, it does not seem
right to claim that Peter knocking into Jack caused the beer to spill—at least not to the same
extent that Mike knocking into the bottle did—as counterfactual theories predict. For most
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counterfactual theories, there is no way to explain why people tend to accept the produc-
tive factor as a cause yet deny the double preventer as a cause—although some argue that
counterfactual accounts may be able to explain this tendency (Lombrozo, 2010; Woodward,
2006).

This major problem—along with some others—encourages many theorists accept that there
is a productive concept of causation—where an event is a cause when it physically produces
some outcome or transfers energy to it—in addition to a counterfactual concept (Hall, 2004;
Lombrozo, 2010). On these kinds of pluralist theories, sometimes people employ the produc-
tive concept, and other times they employ the counterfactual concept. The productive factor
in double-prevention scenarios, for instance, is a cause of the outcome because it physically
produced the outcome. Mike knocking the beer physically produces the spilling of the beer,
while Peter knocking into Jack has no physical impact on the spilling of the beer, so Mike
knocking the beer is a productive cause, while Peter knocking Jack is not. In other kinds of
scenarios—like cases of omission where there is no transfer of force—people employ the
counterfactual concept of causation (Henne et al., 2017). While some argue against these
accounts (Dinh & Danks, 2021; Strevens, 2013), pluralist accounts garner support from a
range of empirical studies (Schlottmann & Shanks, 1992), and have been growing in popular-
ity (Godfrey-Smith, 2009), and being used to resolve long-standing problems in philosophy
(List & Menzies, 2017).

Some of the strongest empirical support for causal pluralism comes from work on double-
prevention scenarios. In a series of groundbreaking studies, Lombrozo found that people
tended to accept the productive factor as the cause and reject the double preventer as the cause
when agents performed their actions accidentally (Lombrozo, 2010). When she described the
agents as acting intentionally, however, people judged both the productive factor and the dou-
ble preventer to be causes of the outcome (Lombrozo, 2010; Rose et al., 2021). Lombrozo
took these findings to support a kind of causal pluralism; people use distinct concepts of cau-
sation in different cases. When, for instance, people think about unintentional action, they
think about the actual mechanisms that brought about the outcome, so double preventers are
not causes, whereas productive factors are. When people think about intentional actions, how-
ever, they think about agential goals, so intentional double preventers, as well as productive
factors, are causes when the agents bring about the outcome intentionally (Lombrozo, 2010).

While this evidence in favor of pluralism is compelling, there may be another way for
counterfactual accounts to explain the difference in causal judgments between the produc-
tive factor and the double preventer without appealing to causal pluralism—as some have
suggested (Lombrozo, 2010; Woodward, 2006). Surely, we should favor a unified theory of
causal judgment if it can explain causal judgments just as well as or better than a pluralistic
one. Given the recent advances in counterfactual models of causal judgment, we wanted to
know if the differences in causal judgments between the productive factor and the double pre-
venter depends on differences in counterfactual thinking. People, for instance, may be more
inclined to agree with a counterfactual statement about the productive factor than they would
be to agree with one about the double preventer. For example, it definitely seems true that if
Mike had not knocked into the beer, then the beer would not have spilled. But it seems less
clear that if Peter had not knocked into Jack, the beer would not have spilled. For instance,
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if Peter had not knocked into Jack, Jack still could have failed to catch the beer. If there is
a difference in agreement about the counterfactuals, then this might explain the difference in
causal judgments about the productive factor and the double preventer.

In series of experiments, we tested this counterfactual explanation for the double-
prevention effect, that is, where people tend to agree that the productive factor is more
causal than the double preventer in double-prevention scenarios. In vignette-based and
video-based studies, we asked participants for their agreement with the counterfactual and
causal statements about the productive factor and the double preventer, and we investigated
whether differences in people’s counterfactual thinking explained the differences in their
causal judgments. Using a vignette-based paradigm in Experiment 1, we found that people
agree more with the counterfactual and causal statements about the productive factor relative
to the double preventer. Using a video-based paradigm in Experiment 2, we found again
that people agree more with the counterfactual and causal statements about the productive
factor relative to the double preventer. In both experiments—and in three supplemental
experiments—we also found that the difference in the counterfactual judgments explained
the difference in causal judgments. In Experiment 3, we manipulated the double-prevention
scenario so that the counterfactual about the double preventer was just as certain as the
productive factor, and we found no difference between causal judgments about the pro-
ductive factor and the double preventer. In Experiment 4, we directly manipulated people’s
tendency to consider the counterfactual alternative to the double preventer, and we found
that this manipulation decreased the size of the double-prevention effect. We then compared
the results from Experiment 4 to an extension of a recent computational model of causal
judgment. Together, these findings suggest that counterfactual models can accommodate
causal judgments in double-prevention cases and weakens some of the motivation for causal
pluralism.

2. Experiment 1

We had three aims in this experiment. First, we wanted to conceptually replicate the finding
from earlier work that people are more inclined to agree that the productive factor was the
cause of an outcome than they are to agree that the double preventer was the cause (Chang,
2009; Lombrozo, 2010). Second, we wanted to determine if people are more inclined to agree
with the counterfactual for the productive factor than with that of the double preventer. Third,
we wanted to see if this difference in considering the counterfactual explained the difference
in causal judgments.

In this between-participants experiment, we gave participants a simple vignette about a
double-prevention scenario that was based on a vignette used in earlier work on preempted
prevention (Walsh & Sloman, 2011). In the scenario, all agents acted accidentally. We manip-
ulated whether participants saw a counterfactual and then a causal statement about the pro-
ductive factor or a counterfactual and then a causal statement about the double preventer, and
then we measured participants’ agreement with these statements.
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Table 1
Statements used in Experiment 1

Productive Factor Double Preventer

Counterfactual If Mike had not knocked against
the bottle, the beer would not
have spilled.

If Peter had not knocked against
Jack, the beer would not have
spilled.

Causal The beer spilled because Mike
knocked against the bottle.

The beer spilled because Peter
knocked against Jack.

2.1. Sample size

We based the sample size on Lombrozo (2010). In Experiment 1 of her work, she reported
a difference between the productive factor and the double preventer where both actions were
accidental. From the reported statistics, we calculated an effect size of d = .7. We then cal-
culated the number of participants required for d = .7 for α = .05 at .95 power. We required
108 participants in total. Expecting a low drop-out rate, we aimed to recruit 120 participants.

2.2. Participants

We recruited all participants in all experiments in this manuscript on Prolific. All partic-
ipants were U.S. nationals, were born in and resided in the United States, spoke English as
their first language, and had a 99% approval rating on Prolific. A total of 120 participants
completed the experiment that was programmed in Qualtrics. One participant reported not
paying attention, so they were excluded. We analyzed data from the remaining 119 partici-
pants (Mage = 32, SD = 11.1, rangeage = [18–70], 54% female). After completing the survey,
participants were compensated $0.25.

2.3. Materials and procedure

After they consented to participation, participants were randomly assigned to one of two
conditions (productive factor, double preventer) in a between-participants design. All partici-
pants read the following vignette:

Mike, Jack, and Peter were at a party, and there was an open bottle of beer on the table.

Mike turned around and accidentally knocked against the bottle.

Jack saw that the bottle was about to fall. It was easily within his reach. Jack was just
about to catch the bottle when Peter accidentally knocked against him, making Jack
unable to catch the bottle.

Jack didn’t manage to grab the bottle, and it fell to the ground and spilled.

They then answered the counterfactual question and then causal question that were dis-
played on the same page as the vignette (Table 1). For each question, participants were asked
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for their level of agreement with the statement on a −50 to 50 scale [−50 = strongly dis-
agree, 0 = neutral, 50 = strongly agree]. Participants were then asked for basic demographic
information and to respond to one explicit attention check that was used in all experiments in
this manuscript (https://osf.io/shpwq/).1

All research in this manuscript was approved by the Human Subjects Review Committee at
Lake Forest College. All data collection was completed in all experiments in this manuscript
prior to any analysis by the authors. All materials, Supporting Information, data, preregistra-
tions, analysis code for all experiments in this manuscript are available at https://osf.io/9fqn5/.

2.4. Results

Participants were more inclined to agree with the counterfactual statement about the pro-
ductive factor (M = 42.76, SD = 11.67, n = 59) than with the counterfactual statement about
the double preventer (M = 20.50, SD = 23.20, n = 60) (t(87.41) = −6.62, p < .001, d =
−1.42, CI [−1.88, −.95]) (Fig. 3a).

Participants were more inclined to agree with the causal statement about the productive
factor (M = 41.57, SD = 11.98, n = 59) than with the causal statement about the double
preventer (M = −17.65, SD = 24.20, n = 60) (t(86.61) = −16.95, p < .001, d = −3.64, CI
[−4.33, −2.95]) (Fig. 3b).

To investigate the relationship between counterfactual thinking and causal judgments in
these double-prevention cases, we then conducted mediation analyses. The analysis exam-
ined the average causal mediation effect (ACME) of the agreement with counterfactual and
the average direct effect (ADE) of condition on the causal judgments. There was a media-
tion effect (ACME = 6.09, p < .001, CI [1.77, 10.93]) and there was a direct effect (ADE
= 53.06, p < .001, CI [45.44, 60.74]), suggesting that participants agreement with the
counterfactual statement partially mediated the relationship between condition (productive
factor, double preventer) and their agreement with the causal statement (proportion mediated
= .10, p < .001, CI [.02, .18]).

2.5. Discussion

In this experiment, participants judged the productive factor to be more causal than the
double preventer. This result conceptually replicates earlier findings on double prevention
cases (Chang, 2009; Lombrozo, 2010). Interestingly, participants were also more inclined to
agree with the counterfactual about the productive factor than the counterfactual about the
double preventer. While some have investigated the extent to which participants consider the
counterfactual alternative to the double preventer (Gerstenberg et al., 2021), we are the first to
investigate this contrast between the productive factor and the double preventer. Moreover, our
mediation analysis revealed that participants’ consideration of the counterfactual alternatives
partially explained the difference in causal judgments between the productive factor and the
double preventer.

At this point, we had a few concerns about the findings. First, most work on double-
prevention cases had used within-participants designs and a dependent measure that asked
about simple causal constructions using the verb “caused” rather than causal explanations

https://osf.io/shpwq/
https://osf.io/9fqn5
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using the conjunction “because” (Lombrozo, 2010). While people distinguish between causal
explanation and causal judgments, these different kinds of judgments only come apart in spe-
cific situations (Henne et al., 2017; Livengood & Machery, 2007). And we had no predictions
about them coming apart in this kind of situation. Nonetheless, we wanted to ensure that
people would make the same causal judgments when asked about the simple causal construc-
tion rather than the causal explanation. In Supplementary Experiment 1, we used the same
materials as Experiment 1 for a within-participants design. We also modified the dependent
measure such that we asked participants for their level of agreement with simple causal con-
structions rather than causal explanations. As we expected, we found exactly the same pattern
of results as we did in Experiment 1 (proportion mediated = .20, p = .004, CI [.06, .40]). As
such, we used the simple causal construction for our dependent measures throughout.

Second, we wondered if something about participants’ perception of the agents and
their unintentional action, rather than anything about counterfactual thinking, affected peo-
ple’s causal judgments. In Experiment 1, we used a vignette that involved a series of
unintentional actions—in line with previous work on prevention cases (Lombrozo, 2010;
Walsh & Sloman, 2011)–because we were not concerned about intentionality for this project.
Nonetheless, people’s judgements shift when the actions are intentional rather than uninten-
tional; in fact, people’s causal judgments are nearly the same for the productive factor and the
double preventer when the actions are both intentional (Lombrozo, 2010; Rose et al., 2021).
Because of the influence of perceived mental states on people’s causal judgments, we were
worried that unintentional action could affect causal judgments in our original vignette. To
investigate this concern, we developed a vignette of a double prevention case that involved
no agents at all (Supplemental Experiment 2). Again, in this within-participants experiment,
we found the same pattern of results (proportion mediated = .27, p = .002, CI [.12, .46]). As
such, while intentionality affects causal judgments in double-prevention cases (Lombrozo,
2010; Rose et al., 2021), agents’ intentions were not driving this difference in causal judg-
ments between the productive factor and the double preventer. We further explore this issue
in Experiment 2.

Third, we worried that the number of counterfactual changes could have affected people’s
causal judgments, rather than just their level of agreement with the counterfactual about the
potential causal factor. In Experiment 1, for instance, the counterfactual statement about the
productive factor is “If Mike had not knocked against the bottle, the beer would not have
spilled” and the counterfactual statement about the double preventer is “If Peter had not
knocked against Jack, the beer would not have spilled.” When thinking about the double
preventer, people might have been thinking, however, about an embedded counterfactual like
“If Peter had not knocked against Jack, then if Jack caught the bottle, the beer would not
have spilled.” If people thought about this counterfactual, then they would be considering
more alternative possibilities about the double preventer than the counterfactual about the
productive factor.

To rule out this confound, we designed another experiment (Supplemental Experiment 3).
In this experiment, we used a vignette similar to Experiment 1, and we added another event
between the productive factor and the outcome’s occurrence. This design change allowed for
the same number of counterfactual changes for each potential causal factor. Again, in this
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within-participants experiment, we found the same pattern of results (proportion mediated =
.35, p < .001, CI [.17, .62]). As such, we had no evidence that the number of counterfactual
changes drove this difference in people’s counterfactual and causal judgments.

We had one remaining concern: our vignette-based paradigm potentially left a lot up to
participants’ imagination. We could not be sure that they were definitely imagining these
complicated causal structures in double-prevention scenarios. In order to better control the
stimuli, we used video stimuli in Experiment 2.

3. Experiment 2

Our aims in this experiment were the same as those in Experiment 1 and in Supplementary
Experiments 1–3. Here, we also aimed to conceptually replicate these findings using video
stimuli.

3.1. Sample size

We based the sample size on Supplemental Experiment 2, a nonagential vignette. As such,
we calculated the number of participants required for d = .5 for α = .05 at .95 power.
We required 53 participants in total. Expecting a low drop-out rate, we aimed to recruit
55 participants.

3.2. Participants

All participants were U.S. nationals, were born in and resided in the United States, spoke
English as their first language, and had a 99% approval rating on Prolific. A total of 55 partic-
ipants completed the experiment that was programmed in Qualtrics. One participant reported
not paying attention, so they were excluded. We analyzed data from the remaining 54 partici-
pants (Mage = 36, SD = 13.8, rangeage = [18–70], 29% female). After completing the survey,
participants were compensated $0.30.

3.3. Materials and procedure

After they consented to participation, participants were introduced to the orientation and
components of the video they would watch with an image of the beginning of the video. A
red arrow identified the goal for participants, and they were told that if a ball entered the goal,
it would score. In a within-participants design, all participants watched a single 15 s video of
a double prevention scenario (Fig. 2a; for video, see: https://osf.io/g7kus/). Participants were
told that they could watch the video as many times as they wanted and refer back to it as they
responded to the questions.

Then they responded to all measures that were displayed on the same page as the video
in fixed order. On the same scale as Experiment 1, participants answered the counterfactual
questions about the productive factor and then the double preventer, and then they answered
the causal questions about the productive factor and then the double preventer (Table 2).

https://osf.io/g7kus/
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Fig. 2. (a) Video used in Experiment 2, 3 (control condition), and 4 at 0:04 s into the video. (b) Video used in
Experiment 3 (manipulation condition). In each video, ball C hitting ball E was the productive factor, ball A was
the possible preventer, and ball B hitting ball A was the double-prevention event.

Table 2
Statements used in Experiment 2

Productive Factor Double Preventer

Counterfactual If ball C had not hit ball E, ball E
would not have scored.

If ball B had not hit ball A, ball
E would not have scored.

Causal Ball C hitting ball E caused ball
E to score.

Ball B hitting ball A caused ball
E to score.

Participants were then asked for basic demographic information and to respond to the explicit
attention check that was used in Experiment 1.

3.4. Results

Participants were more inclined to agree with the counterfactual statement about the pro-
ductive factor (M = 37.88, SD = 29.12, n = 54) than with the counterfactual statement about
the double preventer (M = 12, SD = 44.73, n = 54) (t(91.09) = −3.56, p < .001, d = −.37,
CI [−.58, −.16]) (Fig. 3c).

Participants were more inclined to agree with the causal statement about the productive
factor (M = 38.87, SD = 22.74, n = 54) than with the causal statement about the double
preventer (M = −4.16, SD = 40.86, n = 54) (t(82.96) = −6.76, p < .001, d = −.74, CI
[−.98, −.50]) (Fig. 3d).

To investigate the relationship between counterfactual thinking and causal judgments in
these double prevention cases, we again conducted a mediation analysis. There was a medi-
ation effect (ACME = 13.36, p < .001, CI [6.21, 22.07]) and there was a direct effect
(ADE = 29.57, p < .001, CI [19.18, 40.02]), suggesting that participants agreement with the
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Fig. 3. (a) Mean agreement with the counterfactual statement in Experiment 1 as a function of condition. (b)
Mean agreement with the causal statement in Experiment 1 as a function of condition. (c) Mean agreement with
the counterfactual statement in Experiment 2 as a function of condition. (d) Mean agreement with the causal
statement in Experiment 2 as a function of condition. Error bars indicate 95% confidence intervals.

counterfactual statement partially mediated the relationship between condition and their
agreement with the causal statement (proportion mediated = .30, p < .001, CI [.16, .48]).

3.5. Discussion

Using video stimuli in Experiment 2, we found that (1) participants judged the productive
factor to be more causal than the double preventer and (2) participants were more inclined
to agree with the counterfactual about the productive factor than the counterfactual about
the double preventer. Our mediation analysis revealed that participants’ consideration of the
counterfactual alternatives partially explained the difference in causal judgments between the
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productive factor and the double preventer. These results conceptually replicate our findings
from Experiment 1 and our supplemental experiments using visual stimuli.

While we found support for a counterfactual explanation, our results at this point were
correlational. We had not manipulated the salience of the counterfactual alternatives to see if
this affected causal judgments of each factor. We do this in Experiment 3.

4. Experiment 3

In this experiment, we aimed to manipulate the perceived counterfactual alternatives such
that people would be more inclined to agree with the counterfactual statement about the dou-
ble preventer, thus they would be more inclined to agree with the causal statement about
it. To this end, we indirectly manipulated the counterfactual about the double preventer
between participants by adjusting the video stimuli. In the control condition, we used the
same video from Experiment 2. In the counterfactual-manipulation condition, we used a
modified double-prevention video in which the angles between the billiard balls were sim-
pler, indirectly highlighting the counterfactual about the double preventer (i.e., it highlighted
that if the double preventer had not prevented the preventer, the outcome would not have
occurred). Using the same measures as in Experiment 2, we used the counterfactual statement
as a manipulation check. Our counterfactual explanation predicted that the double-prevention
effect—that is, that people judged the productive factor as more causal than the double
preventer—would be weaker or completely eliminated in the counterfactual-manipulation
condition.

4.1. Sample size

Doubling our sample size from Experiment 2, we aimed to recruit 110 participants.

4.2. Participants

All participants were U.S. nationals, were born in and resided in the United States, spoke
English as their first language, took the survey on a desktop or laptop, and had a 99% approval
rating on Prolific. A total of 111 participants completed the experiment that was programmed
in Qualtrics. One participant reported not paying attention, one participant reported that the
video did not properly display, and four participants reported that they did not take the study
on a desktop or laptop, so they were excluded. We analyzed data from the remaining 105
participants (Mage = 34.2, SD = 12.7, rangeage = [18–67], 56% female). After completing
the survey, participants were compensated $0.35.

4.3. Materials and procedure

After they consented to participation, participants were introduced to the orientation and
components of the video just as in Experiment 2. Participants were randomly assigned to a
control condition or a manipulation condition. In the control condition, participants watched
the 15-s video from Experiment 2 (Fig. 2a; for videos, see: https://osf.io/8a7fj/). In the

https://osf.io/8a7fj/
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manipulation condition, participants watched a single 15 s video of a different double preven-
tion scenario, where we made salient the counterfactual in which ball B does not hit ball A
and ball E does not score (Fig. 2b; for videos, see: https://osf.io/cdnwg/). In this new double-
prevention video, ball A was motionless in the path of ball E. Ball B hit ball A, preventing it
from preventing ball E from scoring. In this case, it was much clearer that had ball B not hit
ball A, ball E would not have scored. Participants were told that they could watch the video as
many times as they wanted and refer back to it as they responded to the questions. Then they
responded to all measures that were displayed on the same page as the video in fixed order.
The statements and scales were identical to those used in Experiment 2 (Table 2). Participants
were then asked for basic demographic information and to respond to the explicit attention
check that was used in Experiment 1.

4.4. Results

We analyzed agreement with the counterfactual statements and the causal statements using
a 2 (Measure: productive factor vs. double preventer) × 2 (Condition: control vs. manipula-
tion) ANOVA.

For the counterfactual statement, there was a main effect of condition (F(1,102) = 12.46,
p < .001, η2p = .11, CI [.02, .23]), no main effect of measure (F(1,102) = 1.85, p = .17,
η2p = .02, CI [.00, .10]), and an interaction between the two (F(1,102) = 5.35, p = .02,
η2p = .05, CI [.00, .15]). To decompose the interaction, we looked at the effect of measure
(productive factor, double preventer) at each level of condition (control, manipulation). In the
control condition, participants were more inclined to agree with the counterfactual statement
about the productive factor (M = 32.15, SD = 32.38, n = 26) than with the counterfactual
statement about the double preventer (M = 9.15, SD = 47.39, n = 26) (t(102) = −2.60,
p = .01, d = −.72, CI [−1.28, −.16]) (Fig. 4a). In the manipulation condition, there was
no evidence that participants were more inclined to agree with the counterfactual statement
about the productive factor (M = 39.66, SD = 26.71, n = 27) than with the counterfactual
statement about the double preventer (M = 45.29, SD = 9.59, n = 27) (t(102) = .65, p = .51,
d = .17, CI [−.36, .71]) (Fig. 4a).

For the causal statement, there was a main effect of condition (F(1,102) = 5.16, p = .02,
η2p = .05, CI [.00, .15]), a main effect of measure (F(1,102) = 10.07, p = .001, η2p = .09,
CI [.01, .21]), and an interaction between the two (F(1,102) = 12.32, p < .001, η2p = .11,
CI [.02, .23]). To decompose the interaction, we looked at the effect of Measure (productive
factor, double preventer) at each level of Condition (control, manipulation). In the control
condition, participants were more inclined to agree with the causal statement about the pro-
ductive factor (M = 39.26, SD = 22.80, n = 26) than with the causal statement about the
double preventer (M = 0.69, SD = 46.22, n = 26) (t(102) = −4.72, p < .001, d = −1.31, CI
[−1.89, −.73]) (Fig. 4b). In the manipulation condition, there was no evidence that partici-
pants were more inclined to agree with the causal statement about the productive factor (M =
32.18, SD = 21.14, n = 27) than with the causal statement about the double preventer (M =
33.74, SD = 19.81, n = 27) (t(102) = .19, p = .84, d = .05, CI [−.48, .59]) (Fig. 4b).

https://osf.io/cdnwg
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Fig. 4. (a) Mean agreement with the counterfactual statement in Experiment 3 as a function of condition and
measure. (b) Mean agreement with the causal statement in Experiment 3 as a function of condition and measure.
Error bars indicate 95% confidence intervals.

4.5. Discussion

In the control conditions of this experiment, we replicated the results of Experiment 2:
people agreed more with the counterfactual and causal statements about the productive fac-
tor relative to the double preventer. The counterfactual manipulation that we implemented,
however, weakened this double-prevention effect; in the manipulation condition, we found
no evidence that people agreed more with the counterfactual and the causal statements about
the productive factor relative to the double preventer. These findings bolster a counterfactual
explanation for the double-prevention effect.

At this point, a reviewer noted that our counterfactual manipulation was indirect; in the
manipulation condition, we intended to make the counterfactual to the double preventer more
salient by manipulating the arrangement and movement of the objects in the video. This indi-
rect technique varied from more direct manipulation techniques that encourage participants to
directly imagine the counterfactual alternative directly (Henne, Kulesza et al., 2021; Komin-
sky & Phillips, 2019). In Experiment 4, we aimed to directly manipulate people’s counterfac-
tual considerations by asking them to imagine the counterfactual to the double preventer.

5. Experiment 4

In this experiment, we aimed to manipulate people’s tendency to consider the counterfac-
tual to the double preventer and determine if this manipulation affected their causal judgments
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about it. To this end, we asked people to imagine a counterfactual where that event did not hap-
pen at all (Henne, Kulesza et al., 2021; Kominsky & Phillips, 2019). We used the same video
from Experiment 2 (Fig. 2a), and we asked participants either to imagine the double preventer
not occurring (manipulation condition) or to describe the events that happened in the video
(control condition). We used the same measures used in Experiments 2 and 3. For this direct
manipulation, our counterfactual explanation predicted that the double-prevention effect—
that is, that people judged the productive factor as more causal than the double preventer—
would be weaker or completely eliminated in the counterfactual-manipulation condition.

5.1. Sample size

Expecting a smaller effect for this direct manipulation technique, we ran a power analysis
for this experiment (included in the preregistration). According to this, we aimed to recruit
420 participants.

5.2. Participants

All participants were U.S. nationals, were born in and resided in the United States, spoke
English as their first language, took the survey on a desktop or laptop, and had a 99% approval
rating on Prolific. A total of 421 participants completed the experiment that was programmed
in Qualtrics. Eight participants reported not paying attention, one participant reported that the
video did not properly display, three participants reported that they did not take the study on
a desktop or laptop, and one participant ignored the task, so they were excluded. We analyzed
data from the remaining 408 participants (Mage = 34.9, SD = 12.2, rangeage = [18–71], 52%
female). After completing the survey, participants were compensated $0.55.

5.3. Materials and procedure

After they consented to participation, participants were introduced to the components in
the video and their orientation just as in Experiment 3. We added further instructions to clar-
ify that there were no bumpers on the top or the bottom of the video and that the black
bumpers were bumpers and not goals (Fig. 2a). All participants watched the 15 s video from
Experiment 2 that was also the control condition in Experiment 3 (Fig. 2a; for video, see:
https://osf.io/8a7fj/). Participants were told that they could watch the video as many times as
they wanted and refer back to it as they responded to the questions. Participants were ran-
domly assigned to the control condition or to the manipulation condition. All instructions and
measures were displayed on the same page as the video. In the control condition, we asked
participants to describe what happened in the video. In the manipulation condition, we asked
participants to imagine a counterfactual alternative where the double preventer did not hit the
possible preventer and the possible preventer hit the ball that scores (Table 3). Then partici-
pants responded to the same measures used in Experiments 2 and 3 in the same fixed order.
The statements and scales were identical to those used in Experiment 2 and 3 (Table 2). Par-
ticipants were then asked for basic demographic information and to respond to the explicit
attention check that was used in Experiment 1.

https://osf.io/8a7fj/
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Table 3
Counterfactual manipulation instructions used in Experiment 4

Control Counterfactual Manipulation

Before you answer the questions below, we
would like you to consider what
happened in the video you just watched.

Before you answer the questions below, we
would like you to imagine that ball B did
not hit ball A at all so that ball A hit ball E.

Please describe what actually happened in
the video.

Please describe what you imagine.

(Please write at least two or
three sentences.)

(Please write at least two or three sentences.)

Fig. 5. (a) Mean agreement with the counterfactual statement in Experiment 4 as a function of condition and
measure. (b) Mean agreement with the causal statement in Experiment 4 as a function of condition and measure.
Error bars indicate 95% confidence intervals.

5.4. Results

We analyzed the data just as we did in Experiment 3.
For the counterfactual statement, there was no main effect of condition (F(1,404) = 0.08,

p = .76, η2p = .00, CI [.00, .01]), but there was a main effect of measure, indicating a double
prevention effect for the counterfactual statements (F(1,404) = 61.23, p < .001, η2p = .13,
CI [.08, .19]). Notably, there was no interaction between condition and measure such that we
had no evidence that the double-prevention effect for counterfactual judgments was weaker
in the manipulation condition relative to the control condition (F(1,404) = 2.78, p = .09, η2p
= .00, CI [.00, .03]) (Fig. 5a).

For the causal statement, there was no main effect of condition (F(1,404) = 3.38, p =
.06, η2p = .00, CI [.00, .03]), but there was a main effect of measure (F(1,404) = 108.21,
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p < .001, η2p = .21, CI [.15, .28]). Critically, there was an interaction between condition
and measure such that the double-prevention effect for causal judgments was weaker in the
manipulation condition relative to the control condition (F(1,404) = 15.37, p < .001, η2p =
.04, CI [.01, .08]) (Fig. 5b). To decompose the interaction, we looked at the effect of Measure
(productive factor, double preventer) at each level of Condition (control, manipulation). In the
control condition, participants were more inclined to agree with the causal statement about the
productive factor (M = 42.24, SD = 15.63, n = 98) than with the causal statement about the
double preventer (M = −1.66, SD = 38.99, n = 108) (t(404) = −10.15, p < .001, d = −1.41,
CI [−1.70, −1.12]). In the manipulation condition, participants were also more inclined to
agree with the causal statement about the productive factor (M = 34.28, SD = 25.65, n =
106) than with the causal statement about the double preventer (M = 14.47, SD = 37.39, n =
96) (t(404) = −4.53, p < .001, d = −.63, CI [−.91, −.35]).

5.5. Discussion

Notably, the double-prevention effect for people’s causal judgments was weaker in the
manipulation condition relative to the control. As such, this direct manipulation of the peo-
ple’s tendency to consider certain counterfactuals affected their causal judgments. However,
we had no evidence that people’s counterfactual judgments varied as a result of this direct
manipulation. Combined with the finding that agreement with the counterfactual statements
only partially mediated the double prevention effect in Experiments 1 and 2, one may be
tempted to argue that counterfactuals cannot explain the double prevention effect after all.
Alternatively, we hypothesized that there are two different mechanisms for counterfactual
thinking to affect causal judgment: the agreement with the counterfactuals and the tendency
to consider the counterfactuals. We explore one way for these two mechanisms to account for
our results in the next section.

6. Modeling the double prevention effect

In Experiment 4, we found that encouraging people to imagine the counterfactual where
the double preventer does not happen increased causal judgments about the double preventer,
thereby reducing the double-prevention effect. We also found no evidence that this manip-
ulation increased participants’ agreement with the statement about the counterfactual that
we encouraged them to imagine. These findings highlight the possibility that counterfactual
accounts have two interacting mechanisms that account for causal judgments: the tendency to
imagine a given counterfactual and the agreement with the imagined counterfactual. Although
there are other counterfactual accounts that could account for this effect (Gerstenberg et al.,
2021), one was derived with the distinction between the tendency to consider a counterfactual
and the agreement with the counterfactual in mind: the necessity-sufficiency model (Icard
et al., 2017).

The necessity-sufficiency model assumes that when people make causal judgments, they
might consider several different alternative possibilities. When they consider a possibility in
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which the potential cause does not occur, people focus on necessity. When they consider a
possibility in which the potential cause does occur, they instead focus on sufficiency. The
model also assumes that causal judgments are a weighted average of necessity and suffi-
ciency. The necessity-sufficiency model thus captures a natural separation between effects
of agreement with a counterfactual statement (i.e., necessity and sufficiency strength) and the
tendency to imagine the counterfactual (i.e., the weights of necessity and sufficiency strength).
If the necessity-sufficiency model can account for the double prevention effect and for its
reduction under our counterfactual manipulation in Experiment 4, then we will have evidence
that existing counterfactual accounts can explain causal judgments in double-prevention
cases.

6.1. Methods

To determine whether the necessity-sufficiency model can account for the double-
prevention effect, we derived the predictions of this model for the causal structure depicted
in Fig. 1 (see derivation on OSF: https://osf.io/4z52p/), and then we fit this model to the
causal judgments from Experiment 4. There are three free variables in the model for each of
the two conditions: the probability that people imagine the counterfactuals to the productive
factor, the possible preventer, and the double preventer. Given these three probabilities, the
model estimates causal judgments of the double preventer and of the productive factor. We
used the probabilistic programming language Stan to fit a Bayesian version of the model to
our data (Carpenter et al., 2017). We assumed uniform priors for each of the three proba-
bilities and sampled four chains for 10,000 iterations each using Hamiltonian Markov Chain
Monte Carlo. To ensure that the model was identifiable, we assumed that the probability that
people imagine the counterfactuals to the productive factor and the possible preventer were
constant between the control and manipulation conditions. Causal judgments were rescaled
to the range [0, 1] to match the scale of the model.

6.2. Results

The model posterior distributions, medians, and 95% credible intervals are depicted in
Fig. 6. Critically, we found that the necessity-sufficiency model accounted for a significant
amount of variance in causal judgments, R2 = .39, 95% CI = [.36, .41]. As expected, the
model showed that people were more likely to imagine the counterfactual to the double pre-
venter in the manipulation condition (Md = .50, 95% CI = [.39, .61]) compared to the con-
trol condition (Md = .25, 95% CI = [.17, .35]), β = .24, 95% CI = [.14, .35], BF = 3319.
The model estimated that although people rarely imagined the counterfactual to the possible
preventer (Md = .07, 95% CI = [.00, .27]), they often imagined the counterfactual to the
productive factor (Md = .65, 95% CI = [.56, .73]). In the control condition, participants were
as likely to imagine the counterfactual to the double preventer as to the possible preventer,
β = −.18, 95% CI = [−.32, .02], BF = 1.26, and were less likely to imagine the counter-
factual to the double preventer than to the productive factor, β = .40, 95% CI = [.31, .47],
BF = 121. In the manipulation condition, they were more likely to imagine the counterfactual
to the double preventer than to the possible preventer, β = −.41, 95% CI = [−.55, −.24],

https://osf.io/4z52p/
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Fig. 6. Posterior distributions of the necessity-sufficiency model for Experiment 4. Points indicate posterior medi-
ans, thick error bars indicate 66% credible intervals, and thin error bars indicate 95% credible intervals.

BF = 989, and were about as likely to imagine the counterfactual to the double preventer as
to the productive factor, β = .16, 95% CI = [.04, .25], BF = 3.30.

In terms of necessity and sufficiency strength, the model predicted that the double preven-
ter was highly necessary (Md = .98, 95% CI = [.90, 1.0]), but only weakly sufficient (Md
= .35, 95% CI = [.27, .44]) for the outcome. Because these parameters were functions of
only the estimated probabilities that people imagined the productive factor and the possible
preventer (which were constant between conditions), the model predicted that the necessity
and sufficiency strength of the double preventer would not change between the control and
manipulation conditions. Similarly, the model predicted that the productive factor would be
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fully necessary for the effect to occur—its necessity strength was fixed to 1 and did not vary
between conditions. Interestingly, however, the model predicted that people would view the
productive factor as less sufficient in the manipulation condition (Md = .55, 95% CI = [.45,
.65]) than in the control condition (Md = .77, 95% CI = [.68, .85]), β = −.22, 95% CI =
[−.31, −.13], BF = 12128, suggesting that considering the counterfactual to the double pre-
venter brings to mind situations in which the productive factor would not have been sufficient
for the effect.

Finally, the model captured the double prevention effect on causal judgments, as well as
the effect of our counterfactual manipulation. In the control condition, predicted causal judg-
ments of the double preventer (Md = .51, 95% CI = [.47, .56]) were lower than those of
the productive factor (Md = .92, 95% CI = [.90, .94]), β = .41, 95% CI = [.35, .47], BF
> 40,000. Likewise, in the manipulation condition, predicted causal judgments of the double
preventer (Md = .66, 95% CI = [.62, .70]) were lower than those of the productive factor
(Md = .84, 95% CI = [.81, .87]), β = .19, 95% CI = [.12, .25], BF = 3983. The double-
prevention effect was also estimated to be weaker in the manipulation condition than in the
control condition, β = −.22, 95% CI = [−.32, −.14], BF = 7874.

6.3. Discussion

Here we tested whether the necessity-sufficiency model, a counterfactual model of causal
judgments, could be extended to account for the double-prevention effect and the effect of
our counterfactual manipulation observed in Experiment 4. We found that not only could the
model successfully account for these effects, but it could also lend further insight as to why
such effects occur in the first place. Specifically, the model identified two explanations for
the double prevention effect: a difference in the perceived sufficiency of the two causes and
a difference in the tendency to imagine the counterfactuals to the double preventer and the
productive factor.

One explanation that the necessity-sufficiency model provides for the double prevention
effect is that people see the productive factor as more sufficient than the double preventer.
Although we did not foresee this prediction, it is intuitive: whereas the double preventer is
only sufficient for the outcome when the productive factor occurs, the productive factor is
always sufficient for the outcome—except in the case where the possible preventer occurs
and the double preventer does not. Similarly, the model suggests that the reason encourag-
ing participants to imagine counterfactual alternatives in which the double-preventer does not
happen at all reduces the double prevention effect is that this manipulation encourages par-
ticipants to consider cases in which the productive factor is not sufficient for the outcome,
reducing the difference in sufficiency between the two causes.

The second explanation for the double prevention effect provided by the necessity-
sufficiency model is that people are more likely to consider counterfactuals in which the
productive factor does not happen than they are to consider counterfactuals in which the
double preventer does not happen. Recall that the model proposes that when people imag-
ine a possibility in which a potential cause does not happen, they focus on the necessity of
this event for the outcome. If people are more likely to imagine the counterfactual to the
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productive factor than not, the model predicts that they are more likely to pay attention to
the necessity of the productive factor. Since people would see the productive factor as more
necessary, the model predicts that people would judge the productive factor to make a larger
difference to the outcome. In contrast, the model estimated that people tend not to imagine
the counterfactual in which the double preventer does not happen. Even under a manipulation
aimed at increasing people’s tendency to consider this counterfactual, the model estimated
that people were equally likely to imagine the double preventer occurring or not occurring.
So, if people tended to imagine the double preventer happening, the model predicts that they
would focus on sufficiency. Since people would see the double preventer as more necessary
than it is sufficient, the model predicts that causal judgments would be lower for the double
preventer. Under the manipulation, however, the model estimated that people focused equally
on necessity and sufficiency, raising causal judgments about the double preventer.

In sum, we found that the necessity-sufficiency model explains the double-prevention effect
through two means: through differences in the perceived sufficiency of the productive factor
and the double preventer and through differences in people’s tendency to weight necessity
and sufficiency between the two events. Even though the necessity-sufficiency model was not
derived specifically to explain these effects, it was still able to predict them. We take these
results as clear evidence that counterfactual accounts of causal judgment have the capacity to
explain causal judgments about double-prevention cases.

This model, however, leaves some unanswered questions. While the model estimated that
people would perceive both the productive factor and the double preventer as necessary for
the effect, we found in Experiment 4—as we did in Experiments 1 and 2—that people were
more inclined to agree with the counterfactual statement about the productive factor than the
counterfactual statement about the double preventer. Although there are a few potential expla-
nations for this apparent difference, we will focus on one: participants could have had trouble
understanding the causal structure in our materials. Since there were four moving objects
on the screen, participants could have made noisy judgments about what would have hap-
pened in the absence of the double preventer. On this explanation, when people considered,
for instance, the counterfactual alternative where ball B had not hit ball A, it was not entirely
clear to them that ball E would not have scored. We have some evidence for this explanation
in Experiment 4: even when we had participants imagine the counterfactual to the double
preventer and we clarified that the outcome would not have happened (Table 3), some par-
ticipants still described imagining a situation where ball E scored. This explanation suggests
that the differences in agreement with the counterfactual statements in our experiments actu-
ally represents a difference in the understanding of the causal structure or confidence in the
counterfactual alternatives. If this explanation of people’s agreement with the counterfactual
statements is right, then our results support the necessity-sufficiency model’s explanation of
the double-prevention effect.

The model also makes some untested predictions that should be investigated in future work.
Here, we highlight two key predictions. As discussed above, the model estimated that people
should judge the productive factor as more sufficient than the double preventer. While we did
not measure sufficiency judgments in the present study, we expect that people’s judgments of
sufficiency should follow this pattern. A second prediction is that the probability that people
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imagine the counterfactual in which the possible preventer does not happen should modulate
the size of the double-prevention effect. Although the model estimated that people rarely
imagine possibilities where the possible preventer does not happen, the productive factor is
sufficient for the outcome and the double preventer is not necessary for the outcome in this
alternative possibility. So, explicitly asking participants to imagine this possibility should
increase the size of the double prevention effect. If these two predictions are right, then we
can be certain that the necessity-sufficiency model, as opposed to other counterfactual models,
explains causal judgments in double-prevention cases.

7. General discussion

In four experiments, three supplemental experiments, and a computational model we found
support for a counterfactual explanation for the double-prevention effect. In Experiments 1
and 2 and the supplemental experiments, we found that people agreed more with counter-
factual statements about the productive factor than those about the double preventer, and
this difference in judgments accounted for the double-prevention effect. In Experiment 3, we
showed that manipulating the salience of the counterfactual alternative to the double preventer
eliminated the double-prevention effect altogether. In Experiment 4, we directly manipulated
people’s tendency to consider the counterfactual alternative to the double preventer, and we
found that this manipulation weakened the double-prevention effect. We then fit these data
to a particular counterfactual model—the necessity-sufficiency model—and we found that it
could account for the double-prevention effect.

Our initial hypothesis was that if the double-prevention effect arises because of differences
in counterfactual thinking, then people would agree more with the counterfactual statements
about the productive factor than those about the double preventer and that this difference
would account for the difference in causal judgments. In Experiments 1–3, we found that
a double-prevention effect in counterfactual thinking accounted for the double-prevention
effect in causal judgments and that indirectly manipulating people’s agreement with counter-
factual statements eliminated the double-prevention effect. These results are consistent with
our original hypothesis.

The results of Experiment 4 and our model comparison, however, suggest that there is
another way in which counterfactual thinking affects the double-prevention effect. In Experi-
ment 4, directly manipulating people’s tendency to consider the counterfactual to the double-
preventer decreased the double-prevention effect for causal judgments, but the manipulation
had no effect on judgments about the counterfactual statements. People’s tendency to con-
sider the counterfactual and their agreement with the counterfactual statement are distinct.
So, we extended the necessity-sufficiency model (Icard et al., 2017)—because it accounts for
these distinct mechanisms—and we compared it to the data from Experiment 4. The results
suggest that the double-prevention effect is not entirely about the agreement with the counter-
factual statement—as we initially thought it was. Rather, the results suggest that the double-
prevention effect results from people’s tendency to consider the counterfactuals of the poten-
tial causes and the extent to which they perceive each potential cause as modally sufficient for
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the outcome. While more work is required to determine the exact details of the relationship
between counterfactual thinking and causal judgment in double-prevention cases, we have
laid the groundwork here for a counterfactual explanation of the double-prevention effect.

As we noted in the introduction, some philosophers and cognitive scientists take causal
judgments in double-prevention scenarios to be evidence in support of causal pluralism, where
there is both a productive and counterfactual concept of causation (Hall, 2004; Lombrozo,
2010). Herein, we provide some evidence that this move may not be not warranted by the
double-prevention effect alone. We argue that the greater strength of causal judgments about
the productive factor does not necessarily suggest that this stronger causal judgment results
from a greater perceived transfer of energy or oomphiness of the productive factor. This move
might be too hasty. Rather, we show that counterfactual thinking and its relationship to causal
judgments can account for this stronger causal judgment about the productive factor.

Nonetheless, more work needs to be done on the ability for counterfactual models to
account for the double-prevention effect. While we proposed an extension of the necessity-
sufficiency model, there is at least one other counterfactual relation that may explain the
double-prevention effect and deserves attention. Woodward has suggested that counterfactual
accounts can accommodate judgments in double-prevention cases if the account incorporates
a notion of sensitivity (Woodward, 2006). A causal relation is insensitive—that is, invariant,
stable, or robust—just in case the relation continues to hold if various background conditions
had been different. Billy throws a bottle against a wall and it shatters. This is a very insensi-
tive relation; even if background conditions were slightly different—for instance if the wind
or the humidity had been different—the relation would hold. But consider a different case
where Suzy drops a paper from the top of a building and causes Janet to get a paper cut. This
relationship between dropping the paper and Janet getting a paper cut is more sensitive; if the
wind, for instance, had been slightly different, Janet would not have gotten cut.

Woodward uses sensitivity alone to explain the double-prevention effect (Woodward,
2006), and some researchers suggest that this account accords with much of the empirical
findings (Lombrozo, 2010). On this view, the productive factor is more insensitive than the
double preventer. Consider again the example from the beginning of this article. Mike knock-
ing into the bottle and causing it to spill is a more insensitive relation; if background condi-
tions had been different when Mike knocked into the bottle, it seems that it still would have
spilled. Peter knocking into Jack, however, seems more sensitive; Peter might have moved in a
slightly different way or Jack might have not seen the bottle falling. If sensitivity affects causal
judgments—which it seems to do (Vasilyeva et al., 2018)—then counterfactual accounts can
also explain double-prevention cases in this way (Woodward, 2006).

Woodward’s sensitivity explanation seems to accord with our findings for Experiments 1
and 2. In these experiments, people agreed more with the counterfactual statement about the
productive factor than with that of the double preventer. Perhaps this difference in agreement
with the counterfactual statements happens because people perceive the relation between the
productive factor and the outcome as more insensitive than the relationship between the dou-
ble preventer and the outcome.

However, we also have some evidence that might challenge this account. In Supplemen-
tal Experiment 3, for example, we found a double-prevention effect even when we added in



P. Henne, K. O’Neill / Cognitive Science 46 (2022) 23 of 25

additional events to the causal sequence. That is, even when we controlled for more counter-
factual changes—a potential proxy for sensitivity—people still showed a double-prevention
effect. Of course, our experiment was not specifically designed to control for sensitivity and
test Woodward’s view, so future work should explore this view further.

One way to accommodate Woodward’s account is to suggest that people independently
evaluate necessity, sufficiency, and sensitivity (perhaps among other relations) when mak-
ing a causal judgment. In fact, a recent computational model known as the counterfactual
simulation model (CSM) does just this (Gerstenberg et al., 2021). The CSM proposes that
people’s causal judgments are a weighted average of different dependency relations including
necessity, sufficiency, and sensitivity. Among other phenomena, the CSM has been shown
to account for causal judgments in cases of double prevention (Gerstenberg et al., 2021).
However, it has not been shown that sensitivity, conceptualized as a unique aspect of causa-
tion, is necessary to account for the double-prevention effect. Since the CSM is so similar
to the necessity-sufficiency model, it would be helpful for future work to test discrepancies
in predictions between these two promising models. For example, we discussed two unique
predictions afforded by the necessity-sufficiency model in Section 6.3. If these predictions
do not hold, counterfactual theorists may have reason to prefer the CSM, which can more
flexibly capture such results.

There may, however, be a simpler way to accommodate Woodward’s account. The results
from Experiment 4 and our model fit suggest that people’s tendency to consider the coun-
terfactuals to certain events and not others affect double-prevention cases. So, if we assume
that people have a greater tendency to consider counterfactual alternatives to events with
insensitive relationships—in line with some recent work (Icard et al., 2017; Kominsky et al.,
2015)—then we have reason to think that a sensitivity-based explanation is appropriate. In
this case, the necessity-sufficiency model seems most able to accommodate this view.

8. Conclusion

We argued that the double-prevention effect is a result of counterfactual thinking. Double-
prevention scenarios are one of the primary motivations for causal pluralism (Hall, 2004;
Lombrozo, 2010). But we argue—in line with some previous suggestions (Lombrozo, 2010;
Woodward, 2006)—that counterfactual theories may be able to do all of the explanatory work
in these cases. With growing evidence that counterfactual thinking explains other scenarios
that motivate causal pluralism—for instance, in the case of omission (Henne et al., 2019) and
late-preemption (Henne, Kulesza et al., 2021)—we think that it is time to return to think-
ing more carefully about unified counterfactual models of causal judgment and how they
might explain patterns of causal judgment. We hope future work investigates these issues
using different causal measures (Rose et al., 2021), measures of confidence in causal judg-
ment (O’Neill et al., 2022), and prospective scenarios (Byrne, 2016; Henne, O’Neill et al.,
2021). We also hope future work will explore whether this account can explain past work on
intentionality in double-prevention cases (Lombrozo, 2010).
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