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Often, the evidence we observe is consistent with more than one explanation. How do learners discriminate
among candidate causes? The current studies examine whether counterfactuals help 5-year olds (N = 120)
select between competing hypotheses and compares the effectiveness of these prompts to a related scaffold. In
Experiment 1, counterfactuals support evidence evaluation, leading children to privilege and extend the cause
that accounted for more data. In Experiment 2, the hypothesis that accounted for the most evidence was pit-
ted against children’s prior beliefs. Children who considered alternative outcomes privileged the hypothesis
that accounted for more observations, whereas those who explained relied on prior beliefs. Findings demon-
strate that counterfactuals recruit attention to disambiguating evidence and outperform explanation when data

contrast with existing beliefs.

Young learners have remarkable causal reasoning
abilities. Children make accurate causal inferences
from patterns of incoming data (Gopnik, Sobel,
Schulz, & Glymour, 2001) and revise their hypothe-
ses in light of new evidence (Schulz, Bonawitz, &
Griffiths, 2007). However, it is often the case that
more than one hypothesis is consistent with a lear-
ner’s observations. Imagine, for instance, that a
child observes muddy paw prints and puddles
leading from the door, across the kitchen floor. She
may infer that (a) it rained last night or (b) the
sprinkler system came on.

When evidence is inconclusive, prior work
shows that preschoolers tend to seek additional
information (Gweon & Schulz, 2008; Schulz & Bon-
awitz, 2007) and take actions to discriminate
between competing hypotheses (Cook, Goodman, &
Schulz, 2011; Lapidow & Walker, 2020; Sobel &
Sommerville, 2010). For example, preschoolers are
more likely to explore a toy after observing a con-
founded event (e.g., an experimenter pulling two
levers on the toy simultaneously, causing two
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objects to appear) than an unconfounded one (e.g.,
an experimenter pulling each lever on the toy in
turn, causing one object to appear at a time; Schulz
& Bonawitz, 2007). Children will also sponta-
neously intervene to isolate candidate causes to test
their individual effects (e.g., separating beads that
were snapped together) when the evidence they
observe is ambiguous (i.e., when they know that
only some beads are causal), and not otherwise (i.e.,
when they know that all beads are causal; Cook
et al., 2011).

In contrast, other work suggests that young chil-
dren may fail to discriminate between competing
hypotheses when asked to make an explicit causal
judgment. For example, Walker et al. (2016) pre-
sented 5-year olds with patterns of data (blocks that
did or did not activate a machine), which suggested
two possible causal features (differently colored
parts) that were equally consistent with children’s
prior knowledge. One feature accounted for 100%
of their observations (e.g., all of the blocks with a
red part activated the machine), and the other only
accounted for 75% (e.g., 75% of the blocks with a
white part activated the machine). Five-year olds
failed to discriminate between the two candidate
causes at test. Instead, children treated both causes
equally when they were pit against one another
(i.e., red parts vs. white parts), failing to privilege
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the 100% feature when making a causal judgment
about a novel case.

In an effort to improve this ability, some
researchers have relied on specific scaffolds. In the
study described earlier, Walker et al. (2016) demon-
strated that a prompt to explain facilitates this judg-
ment: Children who were asked to generate
explanations for the evidence they observed were
more likely to privilege the cause that better
accounted for the data. Indeed, similar results have
been found in adults (Williams & Lombrozo, 2013;
Williams, Lombrozo, & Rehder, 2013). Critically,
however, prompts to explain are not always benefi-
cial. Specifically, because explaining tends to recruit
the learner’s attention to specific types of hypotheses
—that is, those that are broad, generalizable, sim-
ple, and abstract (Lombrozo, 2012; Walker, Bonaw-
itz, & Lombrozo, 2017; Walker & Lombrozo, 2017)
—the act of generating an explanation can some-
times lead learners astray.

For instance, Williams and Lombrozo (2013) dis-
covered that prompts to explain sometimes cause
adult learners to commit errors of overgeneralization,
dismissing exceptions to a broad or abstract rule. In
some cases, this leads learners to discount new evi-
dence that is incompatible with their prior beliefs
(e.g., Kuhn & Katz, 2009; Walker et al, 2016).
Walker et al., (2016, exp. 3) found that when chil-
dren’s beliefs about likely causes (i.e., larger/heavier
objects are more likely to be causal) conflicted with a
hypothesis that better accounted for their current
observations (i.e., block color), 5-year-old explainers
were more likely than controls to select the more
familiar hypothesis that better aligned with their
existing knowledge. Therefore, while explanation
can facilitate learning in instances where the correct
hypothesis is broadly generalizable and in line with
the learner’s prior commitments, it can also mislead
learners when a less familiar or an initially less likely
hypothesis better accounts for the data. Here, we
consider whether prompting learners to consider
alternatives to a focal hypothesis by engaging in
counterfactual reasoning may provide a more effective
strategy than explanation to support causal learning
under these circumstances.

Counterfactual Reasoning

Prior research provides evidence that counterfac-
tual reasoning—comparing a real event to some
alternative, imagined outcome—can impact learning
and inference in both children and adults (e.g.,
Frosch, McCormack, Lagnado, & Burns, 2012; Gua-
jardo & Turley-Ames, 2004; Harris, German, &

Mills, 1996; McCormack, Simms, McGourty, &
Beckers, 2013; Nyhout, Iannuzziello, lannuzziello,
Walker, & Ganea, 2019; Roese, 1994; Wells &
Gavanski, 1989). This work falls under several
broad theoretical accounts (see Nyhout & Ganea,
2019; Walker & Nyhout, 2020 for review).

First, it has been suggested that reasoning about
a specific counterfactual may make the parallel cau-
sal inference more accessible to the learner (Byrne,
2005; Roese & Olson, 1997; Tetlock & Lebow, 2001).
To illustrate, consider the following scenario: “Mary
fails an exam and then muses that she would have
passed had she worked through the study guide”
(Roese & Olson, 1997, p. 142). Roese and Olson
(1997) note that these counterfactuals are useful for
learning since they help the reasoner to identify the
critical causal antecedent (i.e., working through the
study guide) that would influence the outcome of
some event (e.g., passing or failing the exam), thus
serving a preparative function by supporting future
decision-making and causal attributions (Epstude &
Roese, 2008; Roese, 1997).

Others have proposed that counterfactual reason-
ing leads to a counterfactual mindset (Epstude &
Roese, 2008; Galinsky & Moskowitz, 2000; Kray &
Galinsky, 2003), which has been shown to invoke
an openness to alternative possibilities (i.e., a “sim-
ulation mindset”; Galinsky & Moskowitz, 2000), a
tendency to consider the relationships between con-
cepts and events (i.e., “relational processing”; Kray,
Galinsky, & Wong, 2006), and a broadening of con-
ceptual attention (ie., “expansive processing”;
Markman, Lindberg, Kray, & Galinsky, 2007). In
one instance, adults who were primed with a narra-
tive describing a “near-miss” counterfactual sce-
nario (i.e,, a character narrowly missing out on
winning a prize) were more likely to seek evidence
that would disconfirm an existing hypothesis on an
unrelated task—that is, asking personality test ques-
tions to disconfirm their belief that a character is an
extrovert (e.g., “What factors make it hard for you
to open up to people?”), rather than to confirm this
belief (e.g.,, “What do you like about parties?”;
Galinsky & Moskowitz, 2000). These and related
findings suggest that counterfactual reasoning may
broadly serve to mitigate bias by directing the lear-
ner to consider alternatives to a focal hypothesis—
in this case, that the character is actually an intro-
vert. This ability to overcome the pull of an existing
belief is of particular importance when a learner
holds some prior theory that is incompatible with
the new evidence they observe (e.g., Karmiloff-
Smith & Inhelder, 1974; Schulz et al., 2007). It has
been proposed that, in these cases, engaging in



counterfactual reasoning could be particularly bene-
ficial, leading the learner to elevate hypotheses that
are initially considered lower probability or even
counterintuitive (Walker & Nyhout, 2020). Notably,
this also requires the learner to flexibly switch from
an initial hypothesis, and there is prior evidence
that individual differences in children’s cognitive
flexibility are related to their spontaneous genera-
tion of counterfactuals (Guajardo, McNally, &
Wright, 2016).

A third broad account suggests that counterfac-
tual reasoning is closely related to the formation of
causal judgments and may impact the process of
causal inference itself (Buchsbaum, Bridgers, Weis-
berg, & Gopnik, 2012; Gopnik & Walker, 2013; Har-
ris et al., 1996; Mandel, 2003; Nyhout et al., 2019;
Spellman, Kincannon, & Stose, 2005, Walker &
Gopnik, 2013a; Woodward, 2007). Notably, the
extent to which counterfactuals play a role in causal
reasoning is the subject of some debate. Some argue
that a distinguishing feature of causal knowledge is
the fact that causal relations require counterfactual
dependence (i.e., the causal relationship “X causes
Y” implies the counterfactual, “a change to X would
lead to a change in Y”; Gopnik, Schulz, & Schulz,
2007; Lewis, 1986; Mackie, 1974; Pearl, 2000; Wood-
ward, 2003). From this perspective, counterfactuals
serve as inputs to causal judgments by changing
the value of a causal variable and considering the
downstream effects of that change (i.e., an “imag-
ined intervention”; Gopnik & Walker, 2013; Sloman,
2005; Walker & Gopnik, 2013a, 2013b).

Others have suggested that counterfactuals play
a specific, task-dependent role in causal inference,
but stop short of interpreting these effects as evi-
dence for a counterfactual theory of causation (e.g.,
Hoerl, McCormack, & Beck, 2011; McCormack
et al., 2013). For example, McCormack et al. (2013)
introduced 5- to 7-year olds to a novel causal sys-
tem in which some “foods” caused a robot to play
a sound and light up while others did not. When
the experimenter provided one causal food, there
was a small effect (faint sound and light), and
when she provided two causal foods, there was an
additive effect (amplified sound and light). Chil-
dren were assigned to either report what happened
to the robot (factual) or imagine what would hap-
pen if a non-causal food had been causal (counter-
factual). At test, children who were asked to
consider  counterfactuals displayed enhanced
“blocking” compared to children who were asked
to consider factual questions, inferring that if two
foods failed to produce an amplified effect, they
could not both be causal. The authors proposed
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that counterfactual thinking serves to highlight the
additive relationship between the causes and the
effect produced, facilitating higher-order reasoning
in young children.

Across accounts, counterfactual questions have
been shown to facilitate learners’ ability to access
and apply a variety of inferential reasoning skills.
Here we extend this literature to explore whether
counterfactual reasoning may also be applied to sup-
port children’s evaluation of evidence. To examine
this, we modified Walker et al. (2016) causal learning
paradigm to assess whether counterfactual prompts
will help children differentiate between candidate
hypotheses that vary in their consistency with the
evidence and prior beliefs. Although the prior theo-
retical accounts of counterfactual reasoning reviewed
earlier provided motivation for the current study,
we do not aim to distinguish among these proposals.
Instead, the goal of the present work is to add to
this growing body of developmental research to
examine whether counterfactual reasoning meaning-
fully contributes to children’s ability to discriminate
between competing hypotheses during causal learn-
ing. However, we return to consider the contribu-
tions of the current work to existing theories of
counterfactual reasoning in the discussion.

Following Walker et al. (2016), the current exper-
iments focus on 5-year olds. We selected this age
group for two reasons. First, 5-year olds possess the
cognitive prerequisites needed for this experimental
paradigm, which requires children to track informa-
tion about more than one candidate cause. Specifi-
cally, developmental studies suggest that by age 5,
children can reason successfully in a variety of cau-
sal inference tasks (e.g., Gopnik & Sobel, 2000), are
capable of engaging in probabilistic reasoning (e.g.,
Gopnik et al., 2004; Griffiths, Sobel, Tenenbaum, &
Gopnik, 2011; Schulz et al., 2007), can form novel
inferences based on co-variation data (Kushnir, Xu,
& Wellman, 2010), and reflect on multiple possibili-
ties (Beck, Robinson, Caroll, & Apperly, 2006).
Additionally, as mentioned earlier, encouraging 5-
year olds to think counterfactually leads them to
engage in more sophisticated forms of causal infer-
ence (e.g., McCormack et al., 2013).

In the current studies, we test (a) whether con-
sidering alternatives helps learners discriminate
between competing hypotheses that vary in their
consistency with the evidence observed and (b)
whether counterfactuals outperform prompts to
explain when the evidence conflicts with prior com-
mitments. We predict that, like explanation, coun-
terfactual prompts will enhance children’s ability to
detect disambiguating data, leading them to
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privilege the cause that accounts for a greater pro-
portion of their observations. We also anticipate
that the benefits of counterfactual prompts will con-
tinue to hold, even in contexts in which prompts to
explain lead to errors of overgeneralization in line
with the learner’s prior beliefs. Specifically, counter-
factual prompts may mitigate learners’ tendency to
dismiss evidence that does not align with their focal
hypothesis. In addition to examining the specific
role of counterfactual prompts in supporting evi-
dence evaluation in young children, these studies
aim to shed new light on the specific cognitive
mechanisms underlying counterfactual reasoning,
differentiating its role from related scaffolds, and
motivating future work.

Experiment 1

The causal learning procedure used in Experiment
1 was similar to Walker et al. (2016, exp. 1).
Over the course of eight events, children observed
a novel causal system in which some blocks made
a toy light up (causal), and other blocks did not (in-
ert). Each block was designed with two colored fea-
tures: (a) a fully associated 100% feature and (b) a
partially associated 75% feature. The 100% feature
accounted for the causal efficacy of all blocks,
whereas the 75% feature accounted for the causal
efficacy of most blocks. Both were equally plausible
with respect to children’s prior beliefs, varying only
in color (see Figure 1).

Half of the children in Experiment 1 were
prompted to consider alternative outcomes (coun-
terfactual condition), and the other half were
prompted to describe the outcomes observed (con-
trol condition). In line with prior work, description
was selected as a comparison task because it shares
many commonalities with counterfactual prompts:
it requires children to attend to the evidence they
observe, to verbalize in a social context, and to
spend an equivalent amount of time engaging with
each causal event. In this experiment, we examine
whether prompts to consider alternatives might
facilitate children’s ability to detect disambiguating
data to support their capacity to discriminate
between two competing hypotheses.

Method
Participants

We recruited a planned sample of sixty-four 5-
year olds (M = 65.0 months, SD = 3.97 months,

range = 59.6-72.0; 36 females). Children were ran-
domly assigned to control (n = 32) or counterfactual
(n = 32) conditions, with no significant difference in
age between groups, p = .311. An additional 12
children were tested, but excluded due to inatten-
tion (5), lack of comprehension (3), parental inter-
ference (1), or experimenter error (3). Children were
recruited from local preschools, museums, and a
university subject pool. While individual demo-
graphics were not collected, the population was
predominately white (44.5%) and middle-class (me-
dian household income $73,900).

Materials

Machine.  The machine used in the training
phase was a “blicket detector” (Gopnik & Sobel,
2000), which consisted of a black (5 x 5 x 4%) woo-
den box containing a light that was surreptitiously
controlled by a remote. Certain blocks were said to
cause the toy to light up when placed on top.

Training and observation blocks. A total of eight
3-in. wooden cubes were used (4 causal and 4
inert) in the training (2 blocks) and observation (6
blocks) phases. Only the causal blocks “activated”
the toy, causing it to light up. Each block had a
plastic Lego plate affixed to both the fop and front
of each cube. On each Lego plate, there was a
small square Lego piece (red, white, blue, or yel-
low) attached. One of the two Lego colors repre-
sented the 100% feature, and the other Lego color
represented the 75% feature. During the eight
observations, one color would always correlate
with the machine lighting up (100% of the time),
and the other color would correlate some (75%) of
the time (see Figure 1).

For example, consistent with the 100% feature,
all four causal blocks might have a red Lego on
top, and all four inert blocks might have a blue
Lego on top. Consistent with the 75% feature, three
out of the four causal blocks would also have a
white Lego in front, and one would have a yellow
Lego in front, and three out of the four inert blocks
would also have a yellow Lego in front, and one
would have a white Lego in front. The placement
of the colors and the color representing the 100%
causal feature were counterbalanced.

Two reminder cards were used to help children
remember which blocks were causal and which
were inert, minimizing cognitive load. The causal
blocks were placed next to a card with a picture of
the toy with the light on. The inert blocks were
placed next to a second card with a picture of the
toy with the light off.



Test blocks. ~ Two novel blocks were used to
test for generalization. One block included the
100% feature (e.g., a red Lego) plus a novel color (a
purple Lego), and the other block included the 75%
feature (e.g., a white Lego) plus another novel color
(e.g., a green Lego).

Procedure

Training phase.  The training phase served to
familiarize children with the experiment by intro-
ducing the materials and the novel causal system.
The experimenter brought out the machine and
said,

This is my toy. When I put some things on top
of my toy, my toy will light up. When I put
other things on top of my toy, it will not light
up. Let’s try to find out what things will make
my toy light up.

The experimenter then brought out the first block
and said, “Let’s try this one,” and placed it on the
toy. The first block was always causal (e.g., red
Lego on top, white Lego in front), the toy lit up,
and the experimenter asked, “Did this one make
my toy light up or not light up?” After providing a
verbal response, children were asked to sort the
block in front of the appropriate reminder card
(causal or inert). This process was then repeated for
an inert block (e.g., blue Lego on top, yellow Lego
in front).

Observation phase. ~ During the observation
phase, participants were randomly assigned to con-
trol or counterfactual conditions. Children observed
six trials in which the experimenter placed all of the
remaining blocks on top of the toy.

After each demonstration, the child was asked
two questions. The first question was the same,
regardless of condition: “Let’s try this one!” Then,
after the demonstration, the child was asked, “Did
this one make my toy light up or not light up?” As
in the training phase, the children were again asked
to sort the block in front of either the causal or inert
memory card. The second question then differed by
condition. For instance, in the control condition, if
the child observed a red/white block causing the
toy to light up, they were asked,

Now I want you to remind me what happened.
What happened when I put this one (points to the
block), shown here (shows a picture of the same
block) on top of my toy? Did my toy light up or
not light up?
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In the counterfactual condition, the experimenter
asked,

Now I want you to imagine something different.
What if this one (points to the block) had been this
(shows a picture of a different block)? What would
have happened to my toy? Would my toy have
lit up or not lit up?

The counterfactual prompt served to explicitly call
attention to an alternative scenario: Whenever the
experimenter referred to a causal block, they would
ask the participant to imagine what would have
happened if the block had included inert features.
Similarly, whenever the experimenter referred to an
inert block, they would ask the participant to imag-
ine what would have happened if the block had
included causal features (see Figure 1). In both
cases, the participant was invited to consider an
alternative outcome. All of the alternative blocks that
participants were invited to imagine were from the
training phase (red/white or blue/yellow); disam-
biguating blocks were not used in counterfactual
prompts.

The presentation of the six blocks in the observa-
tion phase was pseudorandom (see Figure 1): Chil-
dren first observed two blocks that followed the
same pattern of feature activation as the two used
in the training phase (e.g., red/white [causal] and
blue/yellow [inert]). Critically, the training phase
presented confounded evidence consistent with both
hypotheses (100% feature, 75% feature). Next, chil-
dren observed two instances of disambiguating evi-
dence: one block with a red Lego on top and a
yellow Lego in front activating the toy (causal), and
one block with a blue Lego on top and a white
Lego in front not activating the toy (inert). These
blocks provided the critical evidence needed to dis-
criminate the two hypotheses: red, and not white, is
the causal feature that accounts for more of the
data. Finally, children observed two blocks that
were again consistent with the original pattern of
activation. All blocks remained sorted and in full
view throughout the entire experiment both to
reduce memory demands and to help children in
both conditions integrate information received
across trials.

Generalization phase. ~ During the generalization
phase, the experimenter said,

Now that you've seen how my toy works, I need
your help finding more things that will make my
toy light up. I have some more blocks inside of
this bag. I'm going to tell you about some of
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Figure 1. The set of causal and inert blocks used in Experiment 1 (top row) and Experiment 2 (bottom row), along with the counterfac-
tual card depicting the alternative block for each set. All alternative blocks were from the training phase (blue/yellow or red/white for
Experiment 1 and small/yellow or large/blue) for Experiment 2. In Experiment 1, the 100% feature is depicted by the red (causal) and
blue (inert) Legos on top of the blocks. The 75% feature is depicted by the white (causal) and yellow (inert) Legos on the front of the
blocks. In Experiment 2, the 100% color feature is depicted by the blue (causal) and yellow (inert) bands. The 75% size feature is
depicted by relative size of blocks: large (causal) and small (inert). The placement of the causal features was counterbalanced across

participants.

these blocks and ask you some questions about
them.

The experimenter then looked inside an opaque
bag (the contents of which were not visible to the
participant) and asked two no-conflict questions, fol-
lowed by two conflict questions (verbal conflict and
transfer conflict). In the no-conflict questions, the
100% causal feature was pitted against the 100% in-
ert feature. Likewise, the 75% causal feature was pit-
ted against the 75% inert feature. For example, in
the no-conflict question, red was pitted against blue
because red activated the toy 100% of the time, and
blue was inert 100% of the time. The experimenter
said,

When I look inside this bag, I see one with a red
part, and I see one with the blue part. Which
one will make my toy light up—the one with the
blue part or the one with a red part?

The order of presentation was counterbalanced.
These no-conflict questions were included to ensure
that children in both conditions inferred the co-vari-
ation pattern between block color and activation of
the machine.

For all conflict questions, the 100% feature (e.g.,
red) was pitted against the 75% feature (e.g., white)
to assess which (if any) feature would be favored.
The procedure for the verbal conflict question was
identical to the no-conflict questions: The experi-
menter looked inside the bag and described fea-
tures of the two blocks. However, in this case, the
features were both associated with the effect, with
varying probability (e.g., 100% red vs. 75% white).

Finally, in the transfer conflict question, the exper-
imenter placed two novel blocks on the table in
front of the child. The first block was composed of
the 100% feature (e.g., red), paired with a novel
color (e.g., purple). The second block was com-
posed of the 75% feature (e.g., white), paired with a
different novel color (e.g., green). The experimenter
said, “I have two new blocks. Which one will make
my toy light up? The one with the red/purple part
or the one with the green/white part?” This ques-
tion not only assessed whether counterfactual
prompts facilitated generalization to a novel case
but it also served to address a potential ambiguity
of the verbal test question. That is, if a child hears,
“I have one with a red part and one with a white
part,” they may reasonably infer that the object
with the white part also has a red part. Critically,



to answer both types of conflict questions correctly,
children must notice the disambiguating evidence
and use this information to inform their subsequent
inferences.

Results

Our planned analysis tested three hypotheses: (a)
Children in both conditions will successfully learn
the 100% and 75% features from co-variation data
(no conflict questions). (b) Counterfactual prompts
will facilitate children’s ability to detect disam-
biguating evidence to discriminate between candi-
date causes (conflict questions). (c) Counterfactual
prompts will help young learners generalize newly
learned rules to a novel case (transfer conflict ques-
tion).

No-Conflict Test Items

First, to test whether children learned the pattern
of co-variation between the two colors and the toy
lighting up, we conducted exact binomial tests.
Average proportions of responses for all question
types in each condition appear in Figure 2.

Children in both the control and counterfactual
conditions performed significantly above chance on
the 100% feature no-conflict question (control:
M =96, SD = .18; counterfactual: M =1, SD =0),
p <.001, and 75% feature no-conflict question (con-
trol: M= .81, SD = .40; counterfactual: M =75,
SD = 44), p<.01, with no difference between
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conditions, p = .76. This indicates that children in
both conditions successfully learned the novel cau-
sal structure and that counterfactual prompts did
not simply increase general attention or engage-
ment compared to controls.

Conflict Test Items

To test whether counterfactual prompts influ-
enced children’s ability to detect disambiguating
data to make subsequent causal inferences, we next
analyzed performance on both the verbal and trans-
fer conflict questions. In line with our prediction,
children in the counterfactual condition privileged
the 100% feature (M = .81, SD = .4), p <.001 (exact
binomial test), while those in the control condition
selected between two options at chance (M = .53,
SD = .51), p = .13. There was a significant differ-
ence between conditions, with children in the coun-
terfactual condition more likely to privilege the
100% feature than those in the control condition,
%*(1) = 4.54, p=.03 (two-tailed), ¢ =.3 (Fishers
exact).

We found the same pattern of results for
responses to the transfer conflict question, in which
children in the counterfactual condition privileged
the 100% feature (M = .81, SD = .4), p < .001 (exact
binomial test), while those in the control condition
selected between the two options at chance
(M = .53, SD = .51), p = .13. Again, there was a sig-
nificant difference between conditions, ¥*(1) = 4.54,
p = .03 (two-tailed), ¢ = .3 (Fishers exact).

Mean Proportion of Correct Responses for
No-Conflict and Conflict Items

o
o
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o
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(100% vs 75%)

Transfer Conflict
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Figure 2. Mean proportion of correct responses for No-Conflict and Conflict items in control and counterfactual conditions.
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Table 1
Accuracy of Counterfactual, Verbal, and Transfer Conflict Questions
in Experiment 1

Number of counter- % accuracy % accuracy

factual questions Number of  on verbal on transfer
answered correctly participants ~ question question
0 — — _

1 2 100% 100%

2 3 66.6% 100%

3 2 100% 50%

4 1 100% 100%

5 5 100% 80%

6 19 73.7% 78.9%

Qualitative Analysis of Counterfactuals

Finally, we conducted an additional exploratory
analysis to assess whether the accuracy of children’s
responses to the counterfactual questions predicted
their performance on verbal and transfer conflict ques-
tions. To ensure that children had sufficient knowl-
edge to answer the counterfactual questions, we only
analyzed responses to counterfactual prompts for
observations that occurred after the initial two train-
ing trials. Table 1 shows that while the majority of
the participants answered all counterfactual ques-
tions correctly, those who did not provide consistent
responses to these prompts still performed well on
both the verbal and transfer conflict questions. This
could suggest that the process of generating alterna-
tives is sufficient to facilitate the detection of disam-
biguating data, regardless of the accuracy of
children’s responses. Indeed, a similar dissociation
has been reported in the explanation literature
(Walker, Lombrozo, Legare, & Gopnik, 2014; Walker
et al., 2016). Although too few children provided
incorrect responses to definitively draw this conclu-
sion for the current study, we will return to this point
in our discussion of Experiment 2.

Discussion

Results from Experiment 1 suggest that prompt-
ing 5-year olds to consider alternatives facilitates
detection of disambiguating evidence, increasing
their tendency to privilege the candidate cause that
is consistent with the greatest number of observa-
tions and transfer this newly learned rule to a novel
case. Furthermore, the fact that children in both
conditions successfully answered the no-conflict
questions provides initial evidence against the alter-
native that counterfactual prompts simply boost

overall attention or engagement during training tri-
als. It is also unlikely that the counterfactual condi-
tion simply served to direct low-level perceptual
attention to the critical evidence. First, although
children must attend to the colors of the disam-
biguating block to imagine an alternative, this is
true for all blocks, across trials. Second, despite
drawing attention to the block’s color, children
must still infer why the color combination on the
critical block disambiguates between the candidate
causes.

Notably, these findings are broadly consistent
with previous reports on the effects of prompts to
explain (Walker et al., 2016, exp. 1). However, as
described earlier, we anticipate that counterfactual
reasoning should outperform explanation when dis-
criminating between competing hypotheses in cases
where the evidence is inconsistent with children’s
prior beliefs about the most likely cause. We inves-
tigate this proposal in Experiment 2.

Experiment 2

Experiment 2 directly compares the effects of coun-
terfactual and explanation prompts in a context in
which explanation is known to lead learners astray.
To do so, participants were again presented with a
series of eight observations that were consistent
with two candidate causes: a 100% feature that
accounted for all of the evidence (color), and a 75%
feature that was more consistent with children’s
prior beliefs (size). Size was selected based on prior
work showing that children favor large/heavy
objects as a more plausible causal factor than super-
ficial properties, like color (Esterly, 2000; Walker
et al., 2016). Critically, using the identical method,
Walker et al. (2016, study 1) report that children
frequently appealed to the weight of the blocks in
their explanations, even though the blocks did not
vary in weight (or size), suggesting that this
hypothesis was driven by prior beliefs and not the
evidence observed. The authors also verified this
assumption with a computational model (study 3),
demonstrating that children assign the highest prior
probability to the hypothesis that larger blocks acti-
vate the machine.

Here, we predict that when these prior beliefs are
available, counterfactual and explanation prompts
will produce diverging results on causal judgments.
Specifically, we expect that children who are
prompted to consider alternatives will not default to
the hypothesis that is most in line with their prior
knowledge at test. Instead, the process of



considering counterfactuals should mitigate the like-
lihood that children will simply dismiss inconsistent
evidence. Thus, we predict that children prompted
with counterfactuals will be more likely than those
prompted to explain to privilege the hypothesis that
accounts for a greater proportion of the current data.

Method
Participants

We recruited a planned sample of fifty-six 5-year
olds (M = 65.45 months, SD = 4.23 months,
range = 55.8-74.8; 26 females). Children were ran-
domly assigned to explanation (n = 28) or counterfac-
tual (n =28) conditions, with no significant
difference in age between groups, p = .60. An addi-
tional nine children were tested, but excluded due
to inattention (1), parent interference (3), or experi-
menter error (5). Participant recruitment and demo-
graphics were identical to those in Experiment 1.

Materials

Experiment 2 used the same machine as Experi-
ment 1. The causal blocks consisted of three 3-in.
wooden cubes and one 1-in. wooden cube. The inert
blocks consisted of three 1-in. wooden cubes and one
3-in. cube. For the 100% color feature, a half-inch
piece of colored (e.g., blue or yellow) electrical tape
was affixed around each of the eight blocks. The four
causal blocks featured blue electrical tape, and the
four inert blocks featured yellow electrical tape.

Consistent with the 75% size feature, three of the
four causal blocks were large (3 in.) wooden cubes,
and the remaining causal block was smaller (1 in.)
wooden cube. The reverse pattern was used for the
inert blocks (see Figure 1).

Procedure

Training/Observation phase

The training and observation phases were identi-
cal to those used in Experiment 1, except for the
following changes:

First, participants were randomly assigned to
explanation or counterfactual conditions. As in
Experiment 1, all children observed eight trials in
which the experimenter placed blocks on top of
the toy (see Figure 1). Again, after each demon-
stration, the child was asked two questions. The
first question was the same, regardless of
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condition: “Let’s try this one!” Then, after the
demonstration, they were asked, “Did this one
make my toy light up or not light up?” and were
instructed to sort the block in front of either the
causal or inert reminder card.

The second question differed by condition. In the
explanation condition, if the child observed a big (3
in.) wooden block with blue tape causing the toy to
light up, the child was asked, “Now I want you to
tell me something. Why did this one (points to the
block), shown here (shows a picture of the same block)
make my toy light up?” In the counterfactual condi-
tion, the experimenter asked,

Now that you've seen what’s happened—I want
you to imagine something different. What if this
one (points to the block) had been this (shows a pic-
ture of a different block)? Would my toy have lit
up or not lit up?

The counterfactual prompt served to explicitly
call attention to an alternative scenario. Similar to
Experiment 1, the participant was always invited
to imagine the opposite outcome: for any causal
block, children were asked to consider what
would happen if the block had included inert fea-
tures, and for any inert block, they were asked
what would happen if the block had included
causal features (see Figure 1). Again, all of the
alternative blocks were from the training phase
(big/blue or small/yellow)—and never presented
a disambiguating block.

Test phase.  The test phase was similar to the
generalization phase in Experiment 1. However,
given that we found no differences between the
two conflict questions in Experiment 1 (p = 1), we
only included a single conflict test question. The
experimenter said, “I see two blocks. I see a big
one, and I see a blue one. Which one will make
my toy light up? The blue one or the big one?”
This question similarly served to pit the two fea-
tures against one another. To answer the conflict
question correctly, children must notice the critical
disambiguating evidence and override their prior
beliefs that larger objects are more likely to be
causal.

Results

Our planned analysis tested two hypotheses: (a)
Children in both conditions will successfully learn
the 100% and 75% features from co-variation data
(no conflict questions). (b) Counterfactual prompts
will help maintain children’s sensitivity to the
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evidence in a context in which explanation prompts
will lead them to rely more heavily on existing
knowledge (conflict questions).

No-Conflict Test Items

To test whether children in both conditions
learned the co-variation between block features
and the toy lighting up, we conducted exact bino-
mial tests. Average proportions of responses for
all question types in each condition appear in Fig-
ure 3. As in Experiment 1, children in both condi-
tions performed significantly above chance on the
100% color feature no-conflict questions (explana-
tion: M =.89, SD = .32, counterfactual: M =1,
SD =0), p <.001, and the 75% size feature no-con-
flict questions (explanation: M = .89, SD = .32; coun-
terfactual: M = .75, SD = 44), p < .01, with no
difference between conditions, p = .30. Again, chil-
dren in both conditions successfully learned the
novel causal structure, providing additional evi-
dence that the conditions were well matched in
terms of overall engagement and attention.

Conflict Test Item

To test whether prior beliefs influenced chil-
dren’s ability to detect disambiguating data to dis-
criminate between competing hypotheses, we
analyzed performance on the conflict question for
both conditions. As in Experiment 1, and in line

with our prediction, children in the counterfactual
condition privileged the 100% color feature
(M = .89, SD = .31), p <.001(exact binomial test).
Critically, however, those in the explanation condi-
tion selected between two options at chance
(M =.57, SD=.50), p=.11, replicating previous
findings (Walker et al., 2016, exp 3). This resulted
in a significant difference between conditions, with
children in the counterfactual condition more likely
to privilege the 100% color feature over the 75%
size feature that was more consistent with prior
knowledge, y*(1) =5.83, p=.016 (two-tailed),
¢ = .36 (Fishers exact). These findings strongly sup-
port the claim that explanation and counterfactual
prompts impact learning via distinct cognitive
mechanisms.

Qualitative Analysis of Counterfactuals

Again, we conducted an exploratory analysis of
the qualitative data. To ensure that children had
sufficient knowledge to answer the counterfactual
questions, we only analyzed responses to observa-
tions that occurred after the initial two training tri-
als. Similar to Experiment 1, the majority of
children (61%) answered all counterfactual ques-
tions accurately. Again, too few children responded
incorrectly to determine whether the accuracy of
children’s responses to counterfactual questions pre-
dicted performance on the conflict question (see
Table 2).

Mean Proportion of Correct Responses for
No-Conflict and Conflict ltems

0.9 4
0.8 4
0.7 4
0.6 1
0.5 4
0.4 4
0.3 4
0.2 4
0.1 4

Mean Proportion Correct

No Conflict
(100% vs 100%)

m Explanation

No Conflict
(75% vs. 75%)

Conflict
(100% vs. 75%)

Counter

Figure 3. Mean proportion of correct responses for No-Conflict and Conflict items in explanation and counterfactual conditions.



Qualitative Analysis of Explanations

Most participants in the explanation condition
(86%) provided explanations based on either color
or size, with a minority of participants providing
“other” explanations (e.g., “it’s cold,” “it doesn’t
work well,” “the light is not coming”). Table 3
breaks down the distribution of participants’” modal
explanations as a function of their accuracy on the
conflict question. Two children did not have a
modal explanation and instead appealed equally to
both size and color across the eight explanations
provided.

Interestingly, many of the explanations generated
were consistent with the evidence observed, empha-
sizing color over size. Although providing a modal
explanation that was consistent with the 100% color
feature led to a (non-significant) boost in accuracy,
explainers were overall more likely to rely on prior
knowledge than those prompted with counterfactu-
als when responding to the conflict question. One
explanation for the discrepancy between the content
of children’s modal explanations and their perfor-
mance at test is that the effect of generating expla-
nations on subsequent causal judgments is
dissociable from the specific explanations produced
during learning. As noted earlier, similar findings
have been reported in prior work, which points to
the distinction between the process of explaining
and the content of the explanations that are pro-
duced (Walker et al., 2014, 2016). For example, in
one prior study, children who were asked to
explain during learning exhibited more mature pat-
terns of inference—privileging inductively-rich, but
hidden features (e.g., causal relationships) over per-
ceptually salient ones (e.g., color and shape)—even
when the content of their explanations focused on
superficial features (Walker et al., 2014).

Table 2
Accuracy of Counterfactual and Conflict Questions in Experiment 2

% accuracy on

Number of counterfactual Number of conflict ques-
questions answered correctly participants tion

0 1 100%

1 J— J—

2 — —

3 2 100%

4 3 100%

5 5 80%

6 17 88.2%
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Table 3
Proportion of Correct Answers as a Function of Modal Explanation
Type in Experiment 2

Number of % accuracy on
Explanation type participants conflict question
Size/weight 7 42.9%
Color 17 64.7%
Other 2 50%
No modal explanation 2 50%

To account for these findings, Wilkenfeld and
Lombrozo (2015) argue that the act of generating an
explanation carries epistemic value, even when the
learner fails to produce the correct explanation (i.e.,
“explaining for the best inference”). Specifically,
they argue that searching for a good explanation
triggers several beneficial processes, such as recruit-
ing attention to causally relevant features (e.g.,
Legare & Lombrozo, 2014, Walker et al., 2014,
2016), encouraging comparisons between relevant
cases (Williams & Lombrozo, 2013), and promoting
abstraction (Walker et al., 2016; Williams & Lom-
brozo, 2010), each of which ultimately impacts chil-
dren’s subsequent causal judgments. Other
accounts have suggested that when learners pro-
duce an incorrect explanation, it highlights the dis-
connect between the content of that explanation
and the evidence (Chi, De Leeuw, Chiu, & LaVan-
cher, 1994) or increases their metacognitive aware-
ness of this gap (McNamara, 2004, Rozenblit &
Keil, 2002), prompting greater understanding.

General Discussion

In two experiments, prompting children to consider
alternative outcomes helped them to discriminate
between competing hypotheses by improving their
ability to detect disambiguating evidence. In Experi-
ment 1, children observed patterns of evidence
depicting two candidate causal features: (a) a fully
associated 100% feature and (b) a partially associ-
ated 75% feature. When prior knowledge was held
constant, the amount of evidence available for each
cause was the only discernible difference between
the two. In this context, children in the counterfac-
tual condition privileged the 100% over the 75% fea-
ture and used it to generalize to a novel case,
whereas children in the control condition failed to
differentiate the two causes. These results mirror
the effects of explanation in a similar paradigm
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(Walker et al., 2016), suggesting that counterfactual
prompts may provide a viable alternative to expla-
nation as a means to encourage evidence evaluation
in young children.

In Experiment 2, children observed a pattern of
evidence in which the cause that accounted for all
of the data was pitted against one that accounted
for less, but was more consistent with their prior
beliefs. In line with prior work (Walker et al., 2016),
children who were prompted to explain were less
likely to privilege the hypothesis that aligned with
their current observations, indicating that they were
relying more heavily on existing knowledge. In con-
trast, children who were asked to consider alterna-
tive outcomes remained sensitive to the presence of
counterexamples, allowing them to privilege the
hypothesis that accounted for more of their current
observations. We can conclude, therefore, that
although counterfactual reasoning and explanation
are both “constructive” modes of learning (see Chi
& Wylie, 2014) and are likely to be similarly engag-
ing to children, they influence causal inference via
distinct mechanisms. Specifically, condition differ-
ences found in children’s causal judgments suggest
that considering alternatives may be a more appro-
priate scaffold than a prompt to explain when the
evidence contrasts with an existing belief. That is,
counterfactual prompts produce similar benefits as
explanation while avoiding some of the pitfalls.

The results of Experiment 2 also provide strong
evidence against alternative, low-level explanations
for the effects of counterfactual prompts on causal
judgments. Specifically, given that explanation
prompts are similarly challenging, the benefits of
counterfactual thinking is unlikely to result from
global effects on causal reasoning due to increased
motivation, general attention, or depth of process-
ing. However, it could still be argued that counter-
factual prompts increased directed attention to
disambiguating evidence by requiring that learners
recall the outcomes of previous demonstrations.
Could the process of retrieving this information
support children’s ability to integrate the evidence
across trials? Features of the task design render this
alternative explanation unlikely. Specifically, to
reduce memory demands, all blocks were grouped
into categories with a reminder card indicating
whether or not each one caused the machine to acti-
vate. The evidence for all trials remained sorted
and in full view throughout the experiment, remov-
ing children’s need to integrate information across
demonstrations in both conditions.

Although the current studies were not designed
to discriminate among existing accounts of

counterfactual reasoning, our findings build on and
extend this prior work by establishing that prompts
to consider alternative possibilities can help young
learners evaluate evidence when making causal
judgments. Specifically, in addition to increasing
attention to disambiguating evidence, counterfac-
tual reasoning does not dampen children’s sensitiv-
ity to hypotheses that may be initially less likely or
unfamiliar. This pattern of results is broadly com-
patible with the predictions generated by all of the
theoretical perspectives reviewed earlier, although
in each case, there are also important differences
between the prior work and the current methodol-
ogy.

First, in line with claims that counterfactuals
impact learning by making parallel causal infer-
ences more accessible (e.g., Byrne, 2005; Roese &
Olson, 1997; Tetlock & Lebow, 2001), the prompts
used in the current study may have recruited chil-
dren’s attention to disambiguating evidence by
encouraging them to consider the effects of both
causal and inert features. According to Byrne
(2011), reasoning counterfactually requires the lear-
ner to simultaneously hold two possibilities in
mind—the real event and the alternative—which
provides explicit access to previously implicit causal
knowledge. Prior work with adults is consistent
with this claim, demonstrating that counterfactual
thinking guides future behavior by helping the lear-
ner to identify critical causal antecedents (Roese &
Olson, 1997). Our findings similarly suggest that
counterfactuals support causal judgments in chil-
dren, which not only inform future inferences but
also facilitate generalization to novel cases.

Our results also align well with prior accounts
suggesting that counterfactuals invoke an openness
to alternative possibilities (Galinsky & Moskowitz,
2000; Hirt, Kardes, & Markman, 2004; Kray &
Galinsky, 2003; Markman et al, 2007). These
accounts would predict that reasoning counterfactu-
ally may have encouraged children to think more
broadly and flexibly about the evidence, overriding
the tendency to default to the most salient hypothe-
sis. However, unlike this prior work, which used
unrelated counterfactuals to prime a broad “coun-
terfactual mindset,” the prompts used in the current
study were relatively narrow in scope, emphasizing
specific alternative outcomes for observed events.
Therefore, although these prompts may have facili-
tated children’s ability to engage with an alternative
hypothesis, we cannot interpret our findings as
resulting from a shift in cognitive style or mode of
processing. Future work should explore whether
counterfactuals might produce more global effects



on the process of evidence evaluation in children’s
causal learning.

Lastly, our results are also broadly consistent
with predictions made by counterfactual theories of
causal inference (e.g., Buchsbaum et al., 2012; Gop-
nik, 2009; Gopnik & Walker, 2013; Sloman, 2005;
Walker & Gopnik, 2013a, 2013b; Woodward, 2007).
As noted earlier, this account predicts that counter-
factuals prompt children to consider the outcome of
imagined changes to variables in the causal system.
The current results add to this literature by suggest-
ing that counterfactual thinking might facilitate cau-
sal inference by helping children to discriminate
among competing candidate causes. When consid-
ered alongside prior work demonstrating that coun-
terfactual  thinking improves “blocking” in
children’s causal inferences (McCormack et al.,,
2013), these results may be interpreted as providing
increasing support for this model. However, future
work is needed to explain the discrepancies
between these findings and prior research that sug-
gests a rather tenuous relationship between coun-
terfactual and causal reasoning (e.g., Frosch et al,,
2012; German, 1999; McCormack, Frosch, & Burns,
2011). One possibility is that a learner’s ability to
make appropriate counterfactual inferences relies, at
least in part, on the specific causal knowledge they
possess in that domain (Sobel, 2011).

Although the current findings do not provide
sufficient evidence to distinguish among these prior
accounts, they do provide a fruitful starting point
to motivate future work on the effects of counter-
factual reasoning on evidence evaluation. First,
although the current study presented children with
a relatively “lean” learning context, future work
might consider how various contextual factors may
mediate the effects of counterfactual reasoning on
discriminating candidate causes. For example, prior
work shows that counterfactual reasoning is closely
related to a variety of social-cognitive variables,
including curiosity (FitzGibbon, Moll, Carboni, Lee,
& Dehghani, 2019), the valence of an outcome (e.g.,
German, 1999; Mandel, 2003), the learner’s emo-
tional state (e.g., regret and relief; McCormack,
O’Connor, Cherry, Beck, & Feeney, 2019; McMullen
& Markman, 2000; Weisberg & Beck, 2012), and
their theory of mind (e.g., Guajardo & Turley-
Ames, 2004; Riggs & Peterson, 2000; Riggs, Peter-
son, Robinson, & Mitchell, 1998). Thus, there
remain a variety of open questions regarding how
these variables may interact with the current find-
ings. Might invoking children’s curiosity about
alternative outcomes have similar benefits as expli-
cit counterfactual questions? Given that children are
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more likely to engage in counterfactual thinking fol-
lowing a negative event (German, 1999), might
manipulating the valence of the outcome change
causal judgments?

To conclude, the current research extends exist-
ing evidence that counterfactual thinking facilitates
causal reasoning, and demonstrates, for the first
time, the influence of these prompts on children’s
evidence evaluation. These findings also reveal dis-
tinct cognitive mechanisms underlying counterfac-
tual and explanation scaffolds, supporting prior
claims that different types of prompts have unique
and selective benefits for learning.
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