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Abstract

Prior studies of Theory of Mind have primarily asked observers
to predict others’ actions given their beliefs and desires, or to
infer agents’ beliefs and desires given observed actions. How-
ever, if Theory of Mind is genuinely a causal theory, people
should also be able to plan interventions on others’ mental
states to change their behavior. The intuitive causal model
of Theory of Mind predicts an asymmetry: one has to instill
both the relevant belief and desire to cause an agent to act;
however, to prevent a likely action, it suffices to remove either
the relevant belief or desire. Here, we use these asymmetric
causal interventions to probe the structure of Theory of Mind.
In Experiments 1 and 2, both adults (N=80) and older children
(N=42, 8-10 years) distinguished generative and preventative
cases: selecting interventions on both mental states (both belief
and desire) to induce an agent to act and just one of the mental
states (either belief or desire) to prevent an action. However,
younger children (N =42, 5-7 years) did not. To probe this
age difference, in Experiment 3, we asked younger children
(N=42, 5-7 years) just to predict the outcome of others” mental
state interventions. Children predicted that interventions were
more likely to prevent actions than to cause them, but failed to
predict that intervening on both the relevant beliefs and desires
is more likely to generate a novel action than intervening on
either alone. These findings suggest that by eight to ten years
old, people represent the causal structure of Theory of Mind
and can selectively intervene on beliefs and desires to induce
and prevent others’ actions.

Keywords: Theory of Mind; causal interventions; social cog-
nition; development

Introduction

As social creatures, humans’ ability to navigate the complex
social world is deeply intertwined with our capacity to un-
derstand and attribute mental states, such as beliefs and de-
sires, to others. Scientists and philosophers have long con-
sidered that this capacity, known as Theory of Mind (ToM),
is a causal theory that intentional agents’ actions are caused
by both their beliefs and desires (Dennett, |1987; Wellman
& Bartschl, [1988]; (Gopnik & Meltzoff], [1997; Perner; 1991}
Wellman & Woolley, |1990). Decades of research investigate
how people predict others’ behaviors based on their men-
tal states, or infer their mental states based on observed be-
haviors (Baron-Cohen, Leslie, & Frith, [1985; Wellman &
Bartsch,, |1988; |[Flavell, |1999; [Wimmer & Perner, [1983} |Well-
man, 2014} Baker, Jara-Ettinger, Saxe, & Tenenbaum, 2017
Goodman et all 2006, |Gerstenberg & Tenenbaum), [2017).
However, if Theory of Mind is a causal theory, people should
also be able to use it to plan to change others’ thoughts, and
thereby their actions (Ho, Saxe, & Cushmanl 2022).
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In developmental research, the false-belief task is widely
accepted as the standard measure of Theory of Mind. In false-
belief tasks, children are asked to predict the action of an
actor who holds wrong beliefs about the state of the world
(e.g., where Sally will look for a marble that has been moved
(Wimmer & Perner, |1983)); what a person will think is inside
a ”Smarties” box which contains a pencil (Gopnik & Asting-
ton, |1988; Perner, Leekam, & Wimmer, |1987)). Children be-
gin to pass these tasks between ages four and five, across task
variations and cultures (Wellman, Cross, & Watsonl, 2001})).
Success in the false-belief task requires children to recognize
that others’ actions can be predicted and explained by their
mental states.

However, the litmus test of whether children have a gen-
uinely causal representation is their ability to use it for plan-
ning and intervention. We have known for several decades
that even very young children can use their causal representa-
tions to intervene to both generate and prevent events, and
screen off spuriously associated variables (Gopnik, Sobel,
Schulz, & Glymour, 2001} |Schulz & Gopnik, [2004). Chil-
dren can also intervene selectively to change others’ epis-
temic states (e.g. showing an agent something to change what
they know (O’Neill,[1996))). To our knowledge, no prior work
has tested whether children can plan interventions using their
understanding of actions as jointly caused by relevant beliefs
and desires.

Critically, the intuitive causal Theory of Mind model pre-
dicts an asymmetry of choice of interventions depending on
whether the goal is to induce a new action or prevent a likely
action. If the goal of interventions is to make someone per-
form an action that they would not otherwise take, the inter-
vention must instill both the relevant belief and desire. We
call this a generative intervention (See Figurdlh). Taking an
everyday example, if you want Anne to go to the post office,
you have to make her both believe the post office is open and
you have to make sure she wants to send something in the
mail. On the other hand, if the goal is to prevent someone
from taking an action that they would otherwise perform, a
sufficient intervention would remove either the belief or de-
sire. We call this a preventative intervention (See FigurdIp).
For instance, if Anne is planning to go to the post office and
you want to prevent her from doing this, it suffices to change
either just her belief (e.g., by telling her the post office is
closed) or her desire (e.g., by mailing the package for her).
These frameworks provide general causal structures for a ra-
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tional agent to plan to change others’ actions by intervening
on others’ mental states.
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Figure 1: Causal Theory of Mind. If actions are caused by a
belief and a desire, then (a) to induce a new action, one must
instill both the relevant belief and desire, but (b) to prevent a
likely action, it suffices to remove either the relevant belief or
desire.

Here, we test whether people use an intuitive model of ac-
tions jointly caused by beliefs and desires to design interven-
tions on others’ actions, revealed by the signature asymme-
try between generative and preventative interventions. In Ex-
periment 1, adults watched animated story stimuli and chose
interventions to achieve the goal of making an agent go to
a new location (generative) or the goal of making an agent
stop staying at the current location (preventative). In Exper-
iment 2, children ages five to ten were tested with the same
stimuli. To foreshadow, Experiments 1 and 2 reveal develop-
mental change: adults and older children selectively choose
appropriate interventions but younger children do not. Thus,
in Experiment 3, we further probe the younger children’s rea-
soning, by asking them to predict the result of a proposed
intervention.

Experiment 1
Methods

Participants 104 adults were recruited via Prolific and paid
$5 for completing the study. Adults were fluent English
speakers from the United States, and gave informed consent.
Twenty-four adult participants were excluded from analysis
for failing any one of the three inclusion questions (n=23) or
self-reporting at the end of the experiment that they did not
understand the instructions (n=1). N = 80 adult participants
were included in the analysis.

Materials and Procedures The stimuli consisted of ani-
mated videos created in Keynote and implemented online us-
ing jsPsych. Adults were told that the study was designed
for children. The experiment began with a warm-up task,
explaining that sometimes you only need to do one thing to
make something happen (e.g., if you want someone to come
to the door, you just need to ring the doorbell OR knock on
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the door. Doing both is not necessary) and sometimes you
have to do two things to make something happen (e.g., if you
want to bake cookies, you have to both turn the oven on AND
put the cookies in. Doing only one of these is not enough).

The test stimuli consisted of two generative and two pre-
ventative stories presented in one of two counterbalanced or-
ders (G, P, G, P or P, G, P, G). The assignment of stories to
conditions was counterbalanced across participants. In each
story, participants were introduced to a character (a monkey,
mouse, rabbit, or bear) who had a preferred and a second-
best snack option (e.g., the monkey likes grapes but LOVES
bananas). In the generative condition, the goal was to make
the character go to a target location (e.g., go to a chair); in
the preventative condition, the goal was to make the charac-
ter stop staying in the target location (e.g., get off the chair).
There was also a non-target location (e.g., a basket) as well as
other non-essential elements of the scene (e.g., a tire swing,
trees, etc.) (See Figure [2)).

The generative stories always began with the preferred
snack in the non-target location. The intervention only on
belief always took the form of putting the second-best snack
on the target location so the character would know that it was
there. The intervention only on desire always took the form of
removing the preferred snack from the non-target location, so
the character would want the second-best snack (See Figure
ZA).

The preventative stories always began with the second-best
snack in the target location. The intervention only on be-
lief always took the form of removing the second-best snack
from the target location so the character would know that it
was absent. The intervention only on desire took the form of
introducing the preferred snack to the non-target location so
the character would not want the second-best snack anymore
(See Figure[2B).

On the test trials, the participants were asked to choose be-
tween Bert, who always said the participant had to do two
things (intervene on both the character’s beliefs and desires)
and Ernie, who always said that it was enough to just do one
thing (either intervene only on the character’s belief; or inter-
vene only on the character’s desire, counterbalanced across
trials).

Results

If adults use an intuitive causal Theory of Mind to select
interventions, they should intervene on both others’ desires
and beliefs more often in the generative than the preventa-
tive condition. To test this key prediction, we conducted a
mixed-effects logistic regression predicting choices of inter-
vention from condition, with random intercepts for subject
and story. We coded Option “Bert” (interventions on both be-
lief and desire are needed) as 1 if it was chosen and Option
“Ernie” (intervention on either belief or desire is enough) as
0. We also contrast-coded the generative condition as 1 and
the preventative condition as -1. There was a significant ef-
fect of condition (B = 1.02,SE = 0.16,z = 6.240, p < .001):
adults chose to intervene on both belief and desire more of-
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Figure 2: Design for Experiments 1 and 2. The colored texts show the change of mental state(s) after intervention(s).

ten in the generative condition (M = 0.89, SE = 0.03) than in
the preventative condition (M = 0.53, SE = 0.08) (See Figure
). The intercept term was also significant (f = 1.16,SE =
0.19,z =5.87,p < .001). Adults were more likely to choose
to intervene on both mental states than only one mental state
across all conditions.

We further explored adults’ selection of interventions in the
preventative condition. Adults were more likely to choose the
option of intervening on both mental states when the interven-
tion on one mental state was on belief (M = 0.64, SE = 0.03)
than on desire M = 0.42, SE = 0.03, z = 2.631,p < .01).
That is, in the preventative condition, adults seem to expect
that intervening only on desires is more likely to succeed than
intervening only on beliefs.

Discussion

Consistent with the causal structure of an intuitive theory of
mind, adults were more likely to intervene on both beliefs and
desires to cause an agent to take a new action, but view an in-
tervention on either belief or desire as more likely sufficient
to prevent a planned action from happening. Note that adults
selected the intervention on both beliefs and desires more fre-
quently, across all conditions. Insofar as participants believe
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the interventions are low cost and only probabilistically effec-
tive, this is a rational decision: acting on both mental states
maximizes the chance of achieving the desired outcome (Teo|

2023)). Next, we tested whether children can system-
atically select interventions in the same task.

Experiment 2
Methods

Participants Child participants were recruited from and
participated in the study asynchronously on the Children
Helping Science website. Child participants were fluent En-
glish speakers, and tested with their caregivers’ informed con-
sent. Each eligible participant was given a $5 USD Amazon
gift card.

The data were collected in two consecutive waves. First,
fifty-nine 5-7-year-olds completed the study. Seventeen child
participants were excluded from analysis for failing any one
of the two inclusion questions (n=6), having technical diffi-
culties (n=4), looking away from the screen or disappearing
from videos for longer than 10 seconds consecutively (n=3),
being ineligible for the study (e.g., ages, invalid accounts,
n=4). N = 42 younger child participants (M = 6.52, range
= 5.01-7.97 years) were included in the analysis.
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Figure 3: Percentage of choosing to intervene on both belief and desire in generative vs preventative conditions. (a-c) Error bars
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selectively intervened on both mental states to induce an agent to act and just one of the mental states to prevent an action. (d)
Probability of choosing to intervene on both belief and desire in generative vs preventative conditions, by age, for each child.

Second, fifty-one 8-10-year-olds completed the study.
Nine child participants were excluded from analysis for fail-
ing any one of the two inclusion questions (n=5), having tech-
nical difficulties (n=1), looking away from the screen or dis-
appearing from videos for longer than 10 seconds consecu-
tively (n=1), parental interference (n=1), being not eligible
for the study (n=1). N =42 older child participants (M = 8.92,
range = 8.00-10.52 years) were included in the analysis.

Materials and Procedures We used the same materials and
procedure as in Experiment 1. The stimuli were implemented
online on the Children Helping Science website. Child par-
ticipants were included in the analysis if they answered the
second and third practice trials correctly. Data analyses fol-
lowed the same plan as Experiment 1.

Results

Results for 5-7-year-olds: There was no effect of condition
on the selection of interventions (f = 0.14,SE = 0.18,z =
0.74,p = .5). Young children chose the intervention on both
belief and desire equally often in the generative condition
(M =0.78, SE = 0.05) and in the preventative condition (M
= 0.74, SE = 0.05) (See Figure 3b). Like adults, younger
children chose to intervene on both mental states more of-
ten than only one mental state across conditions (intercept:
B=1.19,SE =0.23,z=5.19,p < .001);

We explored whether intervention selection changes with
child age, by including a fixed effect of age (in months) in
the model. This model did not explain significant additional
variance (likelihood ratio test x2(1) = 0.084,p = .77), and
including an age by condition interaction did not improve
model fit compared to the condition-only model (p = .24) or
condition and age models (p = .10).

In the preventative condition, like adults, younger children
were more likely to choose the option of intervening on both
mental states when the intervention on one mental state was
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on belief (M = 0.83, SE = 0.003) than on desire (M = 0.62,
SE = 0.01, z =2.09, p < .05), suggesting that interventions
on desire only were expected to be more effective.

Results for 8-10-year-olds: There was a significant effect
of condition on the selection of interventions (f = 1.15,SE =
0.27,z =4.25,p < .001). Older children were more likely
to choose the intervention on both belief and desire in the
generative condition (M = 0.94, SE = 0.01) than in the pre-
ventative condition (M = 0.63, SE = 0.06) (See Figure [3f).
Older children were also more likely to choose the inter-
ventions on both mental states across conditions (intercept:
B=1.73,SE =0.35,z=4.89, p < .001). Adding age as a pre-
dictor significantly improved the model over the condition-
only model (likelihood ratio test xz(l) =5.43 p=.02).

Like adults and younger children, in the preventative con-
dition, older children were more likely to choose the inter-
ventions on both mental states when the intervention on one
mental state was on belief (M = 0.82, SE = 0.02) than on de-
sire (M =0.45, SE=0.04, 2 =2.97,p < .01).

Combined results for 5-10-year-olds: To capture the po-
tential developmental change, we combined data from 5-10-
year-olds. The best-fitting model included an age by condi-
tion interaction; adding the interaction significantly improved
the model fit compared to the condition-only model (likeli-
hood ratio test x(1) = 6.53, p = .01) (See Figure).

Discussion

In Experiment 2 older children (8-10 years old), but not
younger children (5-7 years old), were more likely to inter-
vene on both beliefs and desires to cause a novel action than
to prevent an action. In the combined dataset, the condition
by age interaction was significant.

Why did younger children not select different interventions
to generate versus prevent actions? We know five-year-old
children are able to predict others’ actions based on their de-
sires and (false) beliefs (Wellman et all, 2001). At least two




key differences between standard false-belief tasks and our
novel intervention selection task may be relevant. First, in
false-belief tasks children represent just one belief and one
desire in the character, whereas in the intervention selection
task, children must consider three sets of mental states: the
character’s current beliefs and desires, and the beliefs and de-
sires the character will have after each intervention. Second,
in false-belief tasks children are asked to make one predic-
tion, whereas in the intervention selection task, children have
to anticipate the consequences of two interventions in order to
choose the best one. Either of these differences may increase
the difficulty of intervention selection. To begin to disentan-
gle these possibilities, in the next experiment, we test whether
younger children (5-7 years old) predict different outcomes of
interventions on just beliefs, just desires, or both.

Experiment 3
Methods

Participants Sixty-three 5-7-year-olds were recruited from
and completed the study asynchronously on the Children
Helping Science website. All child participants were flu-
ent English speakers who did not participate in Experiment
2. Each eligible participant was given a $5 USD Amazon
gift card. Twenty-one child participants were excluded from
the analysis for failing both inclusion questions (n=2), hav-
ing technical difficulties (n=2), looking away from the screen
or disappearing from videos for longer than 10 seconds con-
secutively (n=_8), or being ineligible for the study (e.g., ages,
invalid accounts, n=9). N = 42 child participants (M = 6.38,
range = 5.01-7.97 years) were included in the analysis.

Materials and Procedures Materials and procedures were
similar to Experiment 2. Warm-up trials introduced the pre-
diction task. In each of the two practice trials, participants
predict (yes’ or 'no’) on whether a certain event will happen
when one potential cause occurs.

In each of the four test stories, participants were intro-
duced to a central character (a monkey, mouse, rabbit, or
bear) who had a preferred and a second-best snack option.
At the end of each story, Ernie proposes to intervene on the
animal character’s mental state by changing the availability of
snack(s), in order to generate or prevent an action (going to
a target location). Across conditions, Ernie proposes to add
or remove the preferred snack (to change the desire for the
second-best snack), to add or remove the second-best snack
(to change the belief about the location of the second-best
snack), or both. Participants predicted whether Ernie’s in-
tervention would have its intended effect on the character’s
action. In the Generative condition, participants predicted
whether the central character would go to the target location
(e.g., go to a chair). In the Preventative condition, participants
predicted whether the central character would stop staying at
the target location (e.g., get off the chair). Participants gave
a binary ’yes” or "no” response to each question. The order
of expected answers for the test trials (YNYN or NYNY) was
counterbalanced across participants.
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Results

Do younger children predict that a novel action will occur
after an intervention on both belief and desire, but not af-
ter an intervention on either one? We conducted a mixed-
effects logistic regression predicting choices of the predicted
result of the intervention ("yes’: 1 vs 'no’: 0) from cat-
egorical types of intervention (generative&intervention on
one mental state; generative&interventions on both mental
states; preventative&intervention on one mental state; pre-
ventative&interventions on both mental states). The target
action was not predicted to be more likely after interventions
on both belief and desire, than after an intervention on either
belief or desire (B = —0.16,SE0.61,z = —0.26,p = .79).

On the other hand, young children did predict that inter-
ventions to change either the belief or the desire would be
more likely to prevent an action, than to generate an action
(B=2.68,SE =0.65,z=4.12,p < .001) (See Figure@).

Discussion

In Experiment 3, we removed one challenging feature of the
intervention selection task: instead of anticipating the conse-
quences of two possible interventions in order to select one
of them, children predicted the consequences of just one pro-
posed intervention. Despite this simplification, 5-7-year-olds
did not predict that interventions on both beliefs and desires
were more likely to generate a novel action, than interven-



tions on either belief or desire alone. These results suggest
that younger children’s performance in Experiment 2 was not
limited by the difficulty of selecting between interventions.
Rather, the younger children may have a limited capacity to
consider the consequences of simultaneously intervening on
both a target character’s belief and their desire. When the in-
tervention would change only one mental state the children
succeeded, correctly anticipating that interventions on either
belief or desire alone are more likely to prevent an action,
than to generate one.

General Discussion

We investigated the causal structure of people’s intuitive the-
ory of mind by asking people to select interventions to cause
or prevent others’ actions. Adults and older children system-
atically select interventions as predicted by a causal structure
with two necessary causes: intervening on both beliefs and
desires to generate actions, but intervening on either beliefs
or desires to prevent actions.

The interventions considered here induce a voluntary
change in the agent’s behavior specifically by changing the
belief and desire that are most relevant to causing the be-
havior. That is, we isolated interventions on the endogenous
mental states to study the intuitive causal structure, at some
cost to the naturalness of the scenario and interventions.

In the real world, of course, there are many other ways
people might intervene to affect others’ behavior. One could
intervene physically (by moving someone to a location or
blocking their path), or exogenously by introducing new costs
or rewards (holding a gun to their head or offering a million
dollars if they perform the action). And of course, perhaps the
most obvious way to induce or prevent someone from acting
is simply to ask: please go here or do not stay there. More-
over, people do not typically choose between intervening on
either, or both, belief and desire. Most intuitive interventions
on others’ actions influence both desires and beliefs. If for
instance, I tell you, “There is an ice cream truck at the park™
my utterance is likely to — simultaneously — induce in you a
desire for ice cream and a knowledge of where to get it. The
single intervention will affect both mental states (and proba-
bly get you to the park).

None of these more quotidian interventions reveal whether
people plan interventions using a model of actions jointly
caused by beliefs and desires. Physical interventions do not
test people’s model of the mind at all. A verbal request to per-
form an action is a direct intervention on people’s probability
of acting, but requires no model of the typical mental causes
of action.

One limitation of the experimental design is that interven-
tions on beliefs and desires alone were not equated. At ev-
ery age, participants expected interventions on desires to be
more effective at prevention than interventions on beliefs. Be-
cause it is intuitively (and philosophically) hard to directly
change others’ desires except by changing associated beliefs,
the intervention on desires used here introduced or removed a
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preferred competitor object. That is, the intervention manip-
ulated whether the desire for the target object was causally
relevant to the target action, without changing the characters’
overall preferences (e.g., the monkey still preferred bananas
to grapes, but wanted grapes if bananas were not available).
When the bananas were in the basket, adults and children
found it easy to predict that the monkey would not stay on
the chair. By contrast, the preventative intervention on be-
lief (remove the grapes) did not generate a specific contrast-
ing action, and both adults and children were less confident
it would be sufficient to prevent the monkey from staying on
the chair. Future research should ideally manipulate the tar-
get belief and desire without generating a specific alternative
action.

Note also that the intervention on desires did involve
changing some of the agent’s beliefs about the world (e.g.,
removing the bananas from the basket let the monkey know
there were no bananas there and thus increased his desire for
the grapes on the chair). For our purposes however, the crit-
ical point was that in giving the monkey information about
the bananas, we did not change any of the monkey’s beliefs
about the grapes: the goal that ultimately motivated the target
action. Future research could consider ways of intervening
only on an agent’s desires besides conveying information that
changes the agent’s (independent) beliefs about the world, for
example, by satiating those desires.

Unlike older children and adults, younger children did not
selectively choose interventions on both beliefs and desires,
in order to generate actions. Indeed, younger children did
not predict that a single proposed intervention on both beliefs
and desires would successfully generate the target action. We
speculate that 5-7-year-old children struggle to represent hy-
pothetical simultaneous changes to both beliefs and desires.

Surprisingly, few prior studies have tested whether and
when children can plan interventions using their Theory of
Mind. The classic false-belief task, in which children must
predict actions based on a character’s desires and false beliefs,
can be solved by non-causal predictive models, learned from
observing sequences of actions (Rabinowitz et al., | 2018)). Un-
like prediction tasks, planning requires a causal model that
specifies the asymmetric dependence between causes and ef-
fects to identify the necessary and effective targets of inter-
vention (Ho et al.,2022). The current results thus provide dis-
tinct, complementary support for the view of Theory of Mind
as an abstract causal theory (Gopnik & Wellman, |1994).

Open Science
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registrations, stimuli, data, and code are available
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