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Abstract

Theory-of-mind (ToM) is an integral part of social cognition, but how it develops remains a

critical question. There is evidence that children can gain insight into ToM through experience,

including language training and explanatory interactions. But this still leaves open the question of

how children gain these insights—what processes drive this learning? We propose that analogical

comparison is a key mechanism in the development of ToM. In Experiment 1, children were

shown true- and false-belief scenarios and prompted to engage in multiple comparisons (e.g.,

belief vs. world). In Experiments 2a, 2b, and 3, children saw a series of true- and false-belief

events, varying in order and in their alignability. Across these experiments, we found that provid-

ing support for comparing true- and false-belief scenarios led to increased performance on false-

belief tests. These findings show that analogical comparison can support ToM learning.
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1. Introduction

Humans are uniquely talented at reasoning about the thoughts of other members of our

species—a skill that is critical to our ability to cooperate intelligently and to form com-

plex social systems. The knowledge and skills that allow us to infer mental states such as

goals, intentions, and beliefs is referred to collectively as “theory-of-mind” (ToM).

Because of its central role in human cognitive and social life, there is a large body of

research on the development of ToM (Flavell, Green, Flavell, Watson, & Campione,

1986; Gopnik & Astington, 1988; Gopnik & Wellman, 1994, 2012; Perner, 1991; Well-

man, 1990, 2014). This research has led to the development of tasks that tap into specific
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aspects of ToM, as laid out by Wellman and colleagues (Peterson, Wellman, & Slaughter,

2012; Wellman & Liu, 2004). There is considerable research on the use of these tasks to

assess children’s understanding of different mental states (e.g., desires, beliefs, emotions).

One important class of tasks tests children’s ability to reason about others’ false
beliefs. For example, in the unexpected-location task (Baron-Cohen, Leslie, & Frith,

1985; Wimmer & Perner, 1983), children watch as a character (e.g., Sally) places an

object in one location; then in Sally’s absence, the object is moved to a new location.

Once Sally returns, the child is asked where Sally will look for the object. To answer this

question correctly, children must understand that because Sally did not see the object

change locations, she believes it to still be where she left it, and as a result, that is where

she will search for it. Another commonly used task is the unexpected-contents task (Per-

ner, Leekham, & Wimmer, 1987), in which children see a container that appears to hold

one thing, but which actually holds something totally different. Children are then asked

what a na€ıve person, who has not yet looked inside, would think is inside the box.

When someone possesses a false belief, their mental contents are not in accord with

reality, and this will be reflected in their behavior. If a child can grasp this difference

between mental states and reality, it suggests that they have some understanding that

mental states are subjective and representational (Dennett, 1978; Perner, 1991). Thus,

false-belief understanding is widely considered a critical milestone in ToM development.

Children begin passing traditional false-belief tasks between the ages of 3 and 5 years, as

attested by a large body of research (Peterson et al., 2012; Wellman, Cross, & Watson,

2001; Wellman & Liu, 2004).

There is also external support for the validity of tasks assessing understanding of false

beliefs. Consistent with the idea that an understanding of others’ minds contributes to

social competency (Astington, 2003), high performance on false-belief tasks is associated

with greater popularity in early childhood (Slaughter, Imuta, Peterson, & Henry, 2015).

Furthermore, training in ToM improves children’s ability to lie—indubitably a useful

social skill (Ding, Wellman, Wang, Fu, & Lee, 2015). Overall, the evidence shows that

children’s performance on false-belief tasks is a good indication of their understanding of

mental states as distinct from reality.

Although there is considerable support for the emergence of ToM between 3 and

5 years, there is also research suggesting that false-belief understanding may arise much

earlier than previously thought, during infancy (see reviews by Barone, Corradi, &

Gomila, 2019; Scott & Baillargeon, 2017). These studies use implicit, non-verbal mea-

sures such as violation of expectation and anticipatory looking in simplified false-belief

tasks to assess infants’ understanding of another’s beliefs. However, interpretation of

these findings lacks consensus (e.g., Apperly & Butterfill, 2009; Friedman & Leslie,

2005; Kov�acs, T�egl�as, & Endress, 2010; Setoh, Scott, & Baillargeon, 2016). What exactly

infants and toddlers know about others’ minds is an important question, and we will

return to this issue in Section 6. Nonetheless, it is well-attested that preschool children

improve dramatically in their ability to reason about false-belief scenarios. Understanding

the skills and experiences that support false-belief improvement during the preschool per-

iod is vitally important and is the focus of the present work.
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Theoretical reviews by Wellman and colleagues tracing performance on false-belief

tasks across age have shown that false-belief understanding is part of a stable devel-

opmental trajectory of increasingly sophisticated reasoning about mental states (Peter-

son et al., 2012; Wellman & Liu, 2004). For instance, children tend to pass tasks that

assess reasoning about others’ desires before tasks assessing reasoning about others’

beliefs. Gopnik and Wellman (1994, 2012; Wellman, 2014) have proposed an influen-

tial framework—the theory–theory—that characterizes the development of ToM under-

standing. Here, theories refer to overarching systems of interconnected concepts that

can be used to explain and predict events.1 Under this approach, ToM development is

characterized in terms of theory change. When children are confronted with evidence

that cannot be accommodated by their existing theory of how the world works,

children shift to a different hypothesis that better accounts for their accumulated

experience.

An important question is how children generate these hypotheses. Or, to put it another

way, what happens between 3 and 5 years of age that allows children to represent the dif-

ference between true and false beliefs? Some research suggests that gains in general cog-

nitive ability and executive function are important in the development of ToM (Benson,

Sabbagh, Carlson, & Zelazo, 2013; Devine & Hughes, 2014; Perner & Lang, 1999).

However, other studies (discussed below) show that ToM can be improved through train-

ing experiences, including the acquisition of supportive language. Thus, gains in ToM are

at least partly driven by learning. But what kind of learning?

In the present work, we test the idea that analogical comparison and abstraction aid

children’s acquisition of ToM. In the following sections, we first describe training studies

that show that ToM insight can be promoted by specific experiences, and then describe in

more detail how analogical processes might support learning the system of relations that

underlies ToM. We then present our experiments testing this claim.

1.1. Training ToM

Over and above possible contributions of gains in executive function, there is evidence

from training studies that experience plays a key role in children’s ToM development. A

recent meta-analysis surveyed 45 training studies (N = 1,529) that exposed children to

some kind of experience or intervention intended to improve their ToM (Hofmann et al.,

2016). The results of the meta-analysis showed a moderate-to-large effect size, suggesting

that ToM can indeed be effectively improved by experience. Many of these training stud-

ies have focused on one or both of two general approaches: providing language training

(e.g., Ding et al., 2015; Hale & Tager-Flusberg, 2003; Lohmann & Tomasello, 2003),

and providing or eliciting explanations and answers to questions (e.g., Amsterlaw &

Wellman, 2006; Clements, Rustin, & McCallum, 2000; Lecce, Bianco, Demicheli, &

Cavallini, 2014; Slaughter & Gopnik, 1996).

Several aspects of language learning have been found to be important to ToM acquisi-

tion. These include acquiring sentential complement syntax (de Villiers & Pyers, 2002;

Hale & Tager-Flusberg, 2003), acquiring mental-state verbs (Moore, Pure, & Furrow,
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1990; Pyers & Senghas, 2009), and engaging in discourse about mental states (Lohmann

& Tomasello, 2003). As de Villiers (2005) theorized, learning to use sentential comple-

ments (e.g., “She says the doll is in the chest”) involves learning the same syntactic con-

struction that is needed for belief statements (“She thinks the doll is in the chest”).

Importantly, this construction allows the truth of the embedded clause to be different

from the truth of the main clause. Thus, learning sentential complement syntax may pro-

vide children with the means to represent that mental contents do not always match real-

ity. Another aspect of language that may be important is the acquisition of mental-state

verbs that use these syntactic frames, such as think, know, or believe (e.g., Pyers & Seng-

has, 2009).

Consistent with claims about the importance of language for ToM acquisition, Loh-

mann and Tomasello (2003) developed a training study in which they found gains in

false-belief understanding after training on either discourse about mental states or senten-

tial complement syntax, with the greatest gains occurring when children received both

kinds of training. The idea that multiple elements of language contribute to false-belief

understanding is further supported by a meta-analysis conducted by Milligan, Astington,

and Dack (2007). On this evidence, language provides an important set of tools through

which children can consider others’ perspectives.

Other studies have found gains in ToM through providing children with an explanatory

framework for understanding mental states—either by providing explanations invoking

mental states or by eliciting explanations and answers from children together with scaf-

folding to help them improve their understanding. For instance, Amsterlaw and Wellman

(2006) used a self-explanation approach and found that prompting children to explain a

protagonist’s behavior within a false-belief scenario improved their ToM across 24 ses-

sions. Other studies have found that directly providing mentalistic explanations of a pro-

tagonist’s behavior within a false-belief scenario can promote gains in ToM (Clements

et al., 2000; Lecce et al., 2014; Slaughter & Gopnik, 1996). For instance, Clements et al.

(2000) gave children an unexpected-location task in which children were corrected if they

responded incorrectly to the key question as to where Sally would look for the toy: “Sally

will look in the chest because that’s where she last put it and she doesn’t know that Anne

moved it.” Children receiving these explanations across two sessions over 2 weeks made

gains from pretest to posttest. These studies show that directly providing children with

explanations of behavior that invoke mental states can promote ToM development over

time.

Two conclusions stand out from these training studies. First, they show that explana-

tory and linguistic experience can improve children’s understanding of mental states. Sec-

ond, the successful training studies have typically utilized a combination of many

different training tasks over many sessions. Various combinations of corrective feedback,

instructional explanations, self-explanation, and language training have been used to

improve children’s false-belief understanding. For instance, one such protocol involved

six sessions over 2 weeks; each session included exposure to three different false-belief

tasks and explicit training with mental-state vocabulary through the use of storybooks rich

in mental-state content (Ding et al., 2015).
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These studies provide critical evidence that ToM is at least partly learned, and not sim-

ply acquired through maturation. But because of the variety of training tasks used, we

cannot tell which aspects of ToM interventions are critical in promoting learning (Ding

et al., 2015; Hofmann et al., 2016). In particular, we cannot isolate which learning pro-

cesses were involved in children’s gains. That is, these studies by their nature show that
experience can improve ToM, but not how. Our goal in the present research is to high-

light one cognitive mechanism that may support learning in this domain. Specifically, we

aim to test the role of analogical comparison in promoting ToM insights.

1.2. Why analogical comparison is relevant to the development of ToM

Comparison—the process of discovering similarities and/or differences between two

things—has a long history in psychology. Traditional approaches modeled similarity

either as closeness of concepts represented as points in a multidimensional space (e.g.,

Shepard, 1962) or as the intersection between sets of independent features (e.g., Tversky,

1977). Although both these approaches can successfully model many kinds of tasks, they

fall short in situations in which it is necessary to take account of common relations

(Goldstone & Son, 2005; Markman, 1989; Medin, Goldstone, & Gentner, 1993). In such

cases, it is necessary to model the alignment of relational structure. In this approach,

often termed “analogical comparison,” comparison is not just matching features but

matching relational patterns. Although models of analogical processing differ in detail,

there is general agreement on the idea that analogical processing involves finding com-

mon relational structure (Doumas & Hummel, 2013; Falkenhainer, Forbus, & Gentner,

1989; Gentner, 1983, 2010; Gentner & Markman, 1997; Holyoak & Thagard, 1997; Hum-

mel & Holyoak, 1997; for reviews, see Gentner & Forbus, 2011; Goldstone, Day, & Son,

2010; Kokinov & French, 2006).

This is important in considering ToM learning because the key insights needed for

ToM are relational in nature (Bach, 2014; Baldwin & Saylor, 2005; Lohmann & Toma-

sello, 2003). For example, if a child hears that “X believes that Y is true,” they need to

understand that this describes a relation between X and Y—roughly, believes(X, Y), rather
than “Y is true.” To take a more complex example, consider the belief-desire schema

described by Bartsch and Wellman (1995)—persons who desire the content of a represen-
tation P and believe that action A will bring about the realization of P are disposed to
perform action A. This schema is part of the ToM knowledge that a child must come to

understand (Bartsch & Wellman, 1995). As Bach (2014) puts it: “it is often overlooked

that the belief-desire law is a relational category. The members of relational categories

are united on the basis of shared relational structure, e.g. causal or functional properties

(Gentner, 2005; Gentner & Kurtz, 2005; Markman & Stillwell, 2001), and they are multi-

ply realized by objects” (p. 356). The ability to perceive common relational structure

across different instances is critical for capturing ToM learning.

There is abundant evidence that analogical comparison acts to highlight common rela-

tional structure, which may then be retained in memory and applied to new instances as a

more general schema (Christie & Gentner, 2010; Doumas & Hummel, 2013; Gentner,
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2010; Gick & Holyoak, 1983; Goldstone et al., 2010; Loewenstein, Thompson, & Gent-

ner, 1999; Markman & Gentner, 1993a). In particular, there is considerable evidence that

young children can capitalize on analogical comparison to acquire new abstractions

(Casasola, 2005; Chen & Mo, 2004; Childers & Paik, 2009; Childers et al., 2016; Christie

& Gentner, 2010; Ferry, Hespos, & Gentner, 2015; Gentner & Hoyos, 2017; Gentner &

Medina, 1998; Haryu, Imai, & Okada, 2011; Hoyos & Gentner, 2017; Kotovsky & Gent-

ner, 1996; Loewenstein & Gentner, 2001; Namy & Gentner, 2002). Thus, analogical com-

parison provides a means through which specific experiences can be converted into more

general schemas. With respect to ToM, we hypothesize that analogical processes can

reveal common relational patterns—for example, across various false-belief situations—
providing a means through which children can generalize across experiences to acquire

an abstract understanding of how beliefs relate to behavior.

Our goal in the present work is to test whether analogical comparison can aid chil-

dren’s acquisition of ToM, in particular the critical insight that thoughts may differ from

reality. For specificity, we use the structure-mapping theory of analogy to draw predic-

tions (Falkenhainer et al., 1989; Gentner, 1983, 2003, 2010; Gentner & Forbus, 2011).

Although theories of analogical processing largely agree on basic tenets, their implemen-

tations are variable, and each model addresses different phenomena more readily than

others. We adopt structure-mapping theory in part because—in addition to accounting for

phenomena that other models also explain (e.g., highlighting common structure; Doumas

& Hummel, 2013)—it readily explains two patterns of analogical comparison that may be

key for ToM development: gradual abstraction and alignable differences.

In structure-mapping theory, the key idea is that comparison involves aligning two rep-

resentations according to common relational structure (structural alignment); on the basis

of this alignment, further inferences may then be projected from one analog to the other

(Falkenhainer et al., 1989; Gentner & Markman, 1997; Markman & Gentner, 1993a;

Medin et al., 1993). The commonalities and differences between two situations are found

by determining the maximal (or near-maximal) structurally consistent alignment between

the representations of the two situations. This common relational structure can form the

basis for a category abstraction—a relational schema that may be applied to other

instances, allowing the learner to infer missing information in the new situation. As new

instances are aligned with the schema, it is further abstracted (Ferry et al., 2015; Kuehne,

Forbus, Gentner, & Quinn, 2000). Thus, although the initial schema may be context-

specific, applying it to further instances results in gradual abstraction (Bach, 2014; Gent-

ner & Medina, 1998).

Structure-mapping processes can also serve to highlight alignable differences—differ-

ences that play the same role in the common structure—both in adults (Gentner & Gunn,

2001; Markman & Gentner, 1993b; Sagi, Gentner, & Lovett, 2012) and in children (Gent-

ner et al., 2016; Hoyos & Gentner, 2017). This is important in the current context

because understanding of ToM requires perceiving the difference between situations in

which mental states correspond with reality (true belief) and those in which mental states

differ from reality (false belief). Noticing these differences necessarily involves a compar-

ison, either between mental content and the state of affairs in the world or between the
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thoughts of different people. Indeed, some studies have found that children are more suc-

cessful on false-belief tasks when the scenarios incorporate a second character with a dif-

ferent perspective or belief from the main character (Lewis, Hacquard, & Lidz, 2012;

Pham, Bonawitz, & Gopnik, 2012). These scenarios provide children the opportunity to

make an informative contrast that can highlight the critical alignable difference in the

characters’ knowledge or beliefs and bolster subsequent reasoning.

Of course, we are not claiming that analogical comparison is the only way children gain

insight into mental states. On the contrary, other kinds of experience, such as explanation

and language-learning, are likely contributors to this learning. Nor are we the first to pro-

pose that structure mapping is a key mechanism in ToM development. For instance, Bach

(2014) reviewed theories of ToM learning and suggested that structure mapping offers a

plausible mechanism for how children could gain such insight from experience: “A central

appeal of Gentner and colleagues’ structure-mapping theory is its explanation for how

learners develop relational category knowledge. The core idea is that comparison, which

involves the structural-alignment of two representations, induces an epistemic focus on

relations while demoting the epistemic importance of object-realizers. Such highlighted

relations can then be abstracted and serve as the basis for relational concepts that describe

relational categories” (p. 356). In a related proposal, Baldwin and Saylor (2005) suggested

that structure-mapping processes coupled with linguistic interaction could drive ToM

development. Their reasoning is that since the mind is invisible, linguistic interactions

serve as indicators of mental states: “The overarching hypothesis predicts that language

will frequently serve to trigger comparison, and hence structure mapping, across distinct

behavioral scenarios that could support, among other things, inferences about internal,

mentalistic causes that underlie others’ behavior” (Baldwin & Saylor, 2005, p. 138). For

example, when children hear the same mental-state verbs used in similar syntactic con-

structions across situations, this may invite alignment across those situations that will pro-

mote the abstraction of belief relations. For instance, a child who hears Johnny thinks that
the box has crayons inside and Abby thinks that it has blocks inside may compare the two

situations (and the two locutions) and arrive at a common insight. Moreover, the mutual

bootstrapping hypothesis (Gentner, 2010) suggests that the connection between comparison

and word learning can work in both directions: Hearing similar words across different situ-

ations invites comparison between the situations, and observing similarities between situa-

tions can help children learn the meanings of those words (Gentner, 2003, 2010, 2016;

Gentner & Medina, 1998). This could help explain why caregivers’ mental-state language

relates to children’s ToM (e.g., Ruffman, Perner, & Parkin, 1999).

In the present work, we seek to provide a more direct test of the role of analogical

comparison in ToM development. Our studies were guided by four principles derived

from structure-mapping theory and research:

1. The process of structural alignment renders common structure more salient, thus

promoting schema abstraction (Christie & Gentner, 2010; Doumas & Hummel,

2013; Gentner & Medina, 1998; Gentner & Namy, 1999, 2006; Gick & Holyoak,

1983).
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2. Comparison between highly alignable events can lead to highlighting of alignable

differences (contrast; Gentner & Markman, 1994; Markman & Gentner, 1993b,

1996; Sagi et al., 2012).

3. High overall similarity between situations both invites spontaneous comparison and

facilitates structural alignment (Gentner & Kurtz, 2006; Gentner & Toupin, 1986;

Hoyos & Gentner, 2017).

4. Although the initial schema formed by comparing two examples will often be concrete

and context-specific, once a schema has been formed, further examples can be com-

pared with it, resulting in gradual abstraction of the schema (progressive alignment);
thus, the less the learner knows about a domain, the more dependent they are on overall

similarity and other supports to perceive and align relational structure (Kotovsky &

Gentner, 1996; Kuehne, Forbus, et al., 2000; Kuehne, Gentner, & Forbus, 2000).

1.3. Testing the analogical comparison hypothesis

The evidence reviewed thus far has shown that experience is an important driver of

ToM development. However, it remains unclear what cognitive mechanisms are deployed

to benefit from these experiences. Our studies test one specific hypothesis: that analogical

comparison can foster insight into ToM, as assessed by improved performance on false-

belief tasks. We also investigate whether relational language interacts with comparison

processes in ToM learning, as suggested by Baldwin and Saylor (2005; see also Gentner,

2003, 2010; Gentner & Christie, 2010).

In Experiment 1, we intentionally take a heavy-handed approach, engaging children in

many guided comparisons to provide an initial proof-of-concept that analogical compar-

isons can support false-belief reasoning. Specifically, we test whether asking children to

carry out explicit comparisons between one character’s thoughts and another’s, and

between thoughts and reality, will help them understand the idea of false belief (i.e., that

two individuals can hold differing mental states and that thoughts may differ from real-

ity). As described above, an important aspect of our hypothesis is that analogical compar-

ison will reveal commonalities across events and promote abstraction of a common

schema (Principle 1 above). In the remaining studies, we explore how children’s sponta-

neous comparisons might be elicited and supported to facilitate false-belief reasoning. In

these studies, we also take a more targeted approach to test specific hypotheses that arise

from structure-mapping theory, namely that high overall similarity should invite and sup-

port comparison (Experiments 2a and 3), that successful comparisons yield schemas that

potentiate further alignments (Experiment 2b), that comparisons highlight important

(alignable) differences (Experiments 2a, 2b, and 3), and that younger or less knowledge-

able learners will require greater support for fruitful comparisons (Experiments 2a and 3).

2. Experiment 1

The goal of Experiment 1 was to test whether children could make gains in false-belief

reasoning in a single session when given comparison-based training. Using a pretest/
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posttest procedure, we created three between-subjects training conditions. In the key

experimental condition (Compare-Thoughts), we showed children a scenario in which one

character has a true belief about the contents of a box and another character has a false

belief. Within this scenario, we had children compare each character’s mental state with

reality, and also compare the characters’ mental states. Then, to solidify children’s grasp

of these distinctions, we showed them a second true-belief/false-belief scenario. After

comparing mental states the same ways within the second scenario, children were shown

the two scenarios simultaneously and were asked to find the correspondences between

them. In sum, children made three kinds of comparisons during training: (a) between a

character’s belief and the state of the world, (b) between a character holding a true belief

and a character holding a false belief, and (c) between different situations involving char-

acters with true and false beliefs (see Fig. 1 for a sample comparison pair). This condi-

tion tested our prediction that intensive analogical comparison of beliefs would help

children gain insight into ToM.

In the two control conditions, children were not shown any mental-state content. In the

Compare-Items condition, children saw event scenarios that did not depict or discuss beliefs

and answered comparison questions, but these questions concerned objects, not mental

Fig. 1. The first training scenario used in the Compare-Thoughts condition of Experiment 1 (a) before the

contents were revealed, (b) immediately after the contents were revealed, and (c) at the final outcome.
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states. This condition was included in response to findings in adults showing improved per-

spective-taking following an unrelated comparison task (Todd, Hanko, Galinksy, & Muss-

weiler, 2011). Thus, this condition tested whether practice making comparisons more

generally (as opposed to specifically comparing thoughts, as in the key experimental condi-

tion) would improve false-belief performance, and whether that would be sufficient to

explain any improvements in the Compare-Thoughts condition. In the Baseline condition,

children had no intervening task between the pretest and posttest. We predicted that because

the comparisons that children made in the Compare-Thoughts condition should highlight

important relational structure directly related to true and false beliefs, children in this condi-

tion should outperform children in the control conditions on the posttest.

In addition, in Experiment 1 (and in each of the experiments we report here), we also

tested for potential effects of gender on false-belief learning. Although most studies mea-

suring false-belief task performance in 3- to 5-year-old children have not bothered to

examine gender separately, there are a handful of reports of better performance by girls

(e.g., Cutting & Dunn, 1999; Walker, 2005). In one study directly examining potential

gender differences in the false-belief development of children age 2–6 (Charman, Ruff-

man, & Clements, 2002), there was a “significant but weak advantage” for girls compared

to boys, and notably, in the meta-analysis of ToM training studies conducted by Hofmann

et al. (2016), gender was a marginal (p = .06) moderator of training effect sizes. Thus,

although the effects of gender on false-belief understanding do not appear to be over-

whelming, we wanted to include gender in our analyses to probe whether our training

procedures would have a differential effect across girls and boys.

Finally, our pretest and posttest tasks were designed to assess both near and far trans-

fer. For near transfer, we used an unexpected-contents task—the same kind of task as that

used in the training phase. To assess far transfer, we used two other standard false-belief

tasks widely used in the developmental literature—an unexpected-location task and a ver-

bal false-belief task. In each of these tasks, different versions were run in the pretest and

posttest, and the specific content differed from that present in the training phase scenar-

ios. An important question is the degree to which children will transfer beyond the unex-

pected-contents training scenario to pass the other false-belief tasks.

2.1. Methods

2.1.1. Participants
Eighty-two 4.5- to 5-year olds from the greater Evanston/Chicago area participated in

this study (39 females, mean age = 56 months, range = 54–61 months). Six additional

children were tested but excluded from analysis for failing to complete the experiment

(n = 6), and/or not understanding English (n = 3). Another 18 children were excluded for

ceiling performance in the pretest. The racial and economic composition of the sample

reflected the local population, with the majority of children coming from European Amer-

ican, middle- and upper-middle-class families. Children received a small gift for their

participation.
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Children were randomly assigned to the Compare-Thoughts (n = 28, 13 females, mean

age = 57 months, range = 54–61 months), Compare-Items (n = 26, 12 females, mean

age = 56 months, range = 54–59 months), or Baseline (n = 28, 14 females, mean

age = 57 months, range = 54–59 months) conditions. There were no differences across

conditions in child age, F(2, 79) = 0.96, p = .39, g2 = .02, or gender, v2(2) = 1.02,

p = .95, V = .04. Importantly, children also showed no differences across groups in false-

belief performance on the pretest, F(2, 79) = 1.05, p = .36, g2 = .03.

2.1.2. Design and procedure
The pretest and posttest were each composed of three different false-belief tasks. The

same three types of tasks were used in the pretest and posttest, and the order of the tasks

was counterbalanced across participants. The dependent measure was how many false-be-

lief tasks children passed at posttest. We compared children’s posttest performance, con-

trolling for pretest performance, across the three groups.

2.1.2.1. False-belief pretest/posttest: Children participated individually, either at North-

western University or at the child’s preschool. The false-belief tests were displayed on a

laptop. Although most of the work on false-belief understanding in children has involved

puppets or dolls, presentation of false-belief scenarios via laptop or tablet computer has

become increasingly common (e.g., Liu, Sabbagh, Gehring, & Wellman, 2009; Pellicano,

2007; Wu, Haque, & Schulz, 2018). A meta-analysis by Wellman Cross and Watson

(2001) found no impact on differences on ToM development due to task- or medium-re-

lated factors, including whether the scenario protagonist and target objects are real objects

or images or presented via video. Thus, for ease of administration, both our training pro-

cedures and pretest/posttest tasks were conducted via laptop.

Using PowerPoint, simplified images of characters and events were displayed in semi-

animated fashion on the laptop computer. Children first completed the diverse-desires task

(Repacholi & Gopnik, 1997; Wellman & Liu, 2004; Wellman & Woolley, 1990)—an

easy task for 4-year olds which was meant to serve as a warm-up task (see Supplemen-

tary Material for full description of prompts used in tasks and training). Then children

completed the pretest, composed of three different false-belief tasks. These included the

unexpected-location task (Baron-Cohen et al., 1985; Wimmer & Perner, 1983), the unex-

pected-contents task (Perner et al., 1987; Wellman & Liu, 2004), and a verbal false-belief

task (Siegal & Beattie, 1991; Wellman & Bartsch, 1989; Wellman & Liu, 2004). In all

tasks, children had to answer both a memory question and a target question. The target

questions were the key questions that probed for children’s false-belief understanding.

The purpose of the memory questions was to ensure that children were paying attention

and following the information presented. No feedback was given.

At the posttest, each child completed the same three false-belief tasks, with different

specific scenarios. These tasks were used to measure possible changes in false-belief rea-

soning following the training procedures, with the unexpected-contents task probing near

transfer, and the unexpected-location and verbal false-belief tasks probing far transfer

(although note that “near transfer” and “far transfer” only apply to the Compare-Thoughts
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group, who received training with unexpected-contents scenarios). The specific version of

each task type assigned to either the pretest or the posttest was counterbalanced across

children and conditions. In this manner, each child completed six false-belief tasks total

—three at the pretest and three at the posttest—with each task involving both a target

question and a memory question.

2.1.2.2. Thought-bubbles training: Because our primary training task involved anima-

tions that represented characters’ mental states through visual thought bubbles, we wanted

to ensure that the children in our study understood the role of thought bubbles in visually

representing another person’s thoughts. As shown by Wellman, Hollander, and Schult

(1996), even minimal experience with visual representations of characters’ thoughts can

allow young children to appreciate thought-bubble depictions as “showing what someone

is thinking.” Thus, following the pretest tasks, all children were given brief training on

thought bubbles, adapted from Wellman et al. (1996).

In our study, children saw a screen depicting a character with a thought bubble.

The experimenter explained to the child that looking inside the thought bubble showed

what someone was thinking. The child was asked to report what was inside the

thought bubble, and then in a second image, to distinguish between what the character

was doing and what the character was thinking. All children received thought-bubbles

training, regardless of condition, even though only children in the experimental condi-

tion (Compare-Thoughts) saw thought bubbles during training. This was done to avoid

the possibility that any gains seen in the Compare-Thoughts condition could be attrib-

uted to the thought-bubble training itself.2 No thought bubbles were used in the pretest

and posttest.

2.1.2.3. Training conditions: After the thought-bubbles training, children were ran-

domly assigned to one of three training conditions: Compare-Thoughts, Compare-Items,

or Baseline. In the Compare-Thoughts condition, children saw two containers and two

characters involved in an unexpected-contents situation. In the classic version of the

unexpected-contents task (e.g., Perner et al., 1987), children are shown a box that

appears to contain one thing but contains something different. After the child is shown

the box’s true contents, they are introduced to a character who has never seen inside

the box, and the child is asked what the character thinks is inside the box. Young

children often incorrectly answer that the character will already know what the box

contains. For our training sequence, thought bubbles displayed what the character

thought was inside the box. This allowed us to ask children to compare mental states

as well as states of the world.

In the Compare-Thoughts condition, children initially saw two cereal boxes, which

opened to reveal that one contained cereal and the other contained rocks. Then the boxes

were closed and two characters were introduced. Thought bubbles showed that each char-

acter thought his box contained cereal (see Fig. 1a). The child first asked to directly com-

pare the characters’ mental states, as depicted in their thought bubbles: “Are Jay and

Luke thinking the same or different?” Then children were asked to contrast the actual
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contents of the boxes: “Do the boxes contain the same or different things?” Next, the

contents of the boxes were revealed to the characters. For each character, the experi-

menter asked, “Was he thinking the same or different than what was inside the box?”

This question was intended to prompt the child to compare mental states with reality—re-

vealing that the character either had a true belief or a false belief. Importantly, each ques-

tion could be answered on the basis of the visual information in the training scenario—
they did not require false-belief understanding by the child. Rather, we hypothesized that

engaging in this series of comparisons would lead children to notice the difference

between true and false beliefs. Children nearly always answered these questions correctly.

Their answers were confirmed by the experimenter (e.g., “Yes! He’s thinking the

same!”). See Supplementary Material for full description of procedure.

After this, children were presented with a second unexpected-contents scenario, parallel

to the first scenario but with new boxes, contents, and characters. The same sequence of

questions was repeated for this scenario. After this second scenario was completed, the

two scenes—each with its own boxes and its own characters—were shown simultane-

ously, and children were asked to identify what was the same between the two stories:

“Remember these two stories? Can you tell me what’s the same between these two sto-

ries?” The goal was to promote structural alignment between the situations and thereby

foster noticing the common relational structure. Thus, this training procedure had children

make three distinct types of comparisons: comparisons between characters’ mental states,

comparisons between mental states and reality, and comparison across two situations that

had these relations embedded within them.

The Compare-Items condition was designed to test whether performance in the

experimental condition could be due simply to engaging in comparison itself, regard-

less of content. In this condition, children were asked to make comparisons between

objects, not thoughts; the scenarios did not involve hidden contents or any reference to

or depiction of mental states. One scenario in this condition, for example, showed chil-

dren two characters, each of whom had brought various items to a picnic. Children

were asked to make comparisons between the items. There were three pairs of items,

and for each pair, children were asked, “Did Jay and Luke bring the same things to

the picnic?” Children completed two scenarios with this line of questioning. This train-

ing procedure had a similar number of comparison questions to the Compare-Thoughts

condition.

The Baseline condition had no intervening task between the pretest and posttest; chil-

dren went directly from the thought-bubbles training procedure to the posttest.

2.2. Results

2.2.1. Analysis plan
For each false-belief task in the pretest and posttest, children were given a score of 1

if they answered both the target and memory questions correctly; children with perfect

pretest scores were excluded. Pretest and posttest means are displayed in Table 1.
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2.2.2. Training effects
To assess whether children in each condition improved between the pretest and postt-

ests, we calculated gain scores by subtracting the number of tasks the child passed in the

pretest (out of 3) from the number of tasks they passed in the posttest (out of 3) and

compared these to zero. Because we excluded children with perfect pretest scores, these

difference scores could theoretically range from �2 to 3; however, the actual range was

�1 to 3. The mean gain in the Compare-Thoughts condition was significantly greater than

zero (M = 0.75, SD = 1.00), t(27) = 3.95, p = .001, d = 0.75. Mean gain in the Com-

pare-Items condition was marginally greater than zero (M = 0.23, SD = 0.65), t
(25) = 1.81, p = .083, d = 0.35, as was the mean gain in the Baseline condition

(M = 0.25, SD = 0.70), t(27) = 1.89, p = .070, d = 0.36.

To examine differences and interactions across conditions, an ANCOVA with pretest

score as a covariate, posttest score (out of 3) as the dependent variable, and condition

and gender as between-subjects factors was conducted. Pretest scores significantly pre-

dicted posttest scores, F(1, 75) = 60.02, p < .001, g2 = .45. The analysis revealed a sig-

nificant main effect of condition, F(2, 75) = 4.16, p = .019, g2 = .10. Planned contrasts

indicated that children in the Compare-Thoughts condition (M3 = 1.64, SE = 0.14)

demonstrated better false-belief understanding on the posttest than children in either the

Compare-Items condition (M = 1.15, SE = 0.14), p = .018, d = 0.66, or the Baseline con-

dition (M = 1.13, SE = 0.14), p = .012, d = 0.69. The Compare-Items and Baseline con-

ditions did not significantly differ from each other, p = .925, d = 0.03. See Fig. 2 for

pretest and posttest performance by condition.

Interestingly, there was also a significant main effect of gender, F(1, 75) = 14.53,

p < .001, g2 = .16. Females (M = 1.62, SE = 0.12) demonstrated better false-belief

understanding on the posttest than males (M = 1.00, SE = 0.11). There was also a mar-

ginal interaction between condition and gender, F(2, 75) = 2.87, p = .063, g2 = .07. Bon-

ferroni post-hoc tests showed that females showed the predicted pattern: Those in the

Compare-Thoughts condition (M = 2.16, SE = 0.20) had marginally better posttest

Table 1

Means (and SDs) of theory-of-mind (ToM) scores across training conditions

Condition Pretesta Posttesta Difference Score

Experiment 1 Compare-Thoughts 0.71 (0.66) 1.46 (0.96) 0.75 (1.00)

Compare-Items 1.00 (0.80) 1.23 (1.03) 0.23 (0.65)

Baseline 0.93 (0.81) 1.18 (1.16) 0.25 (0.70)

Experiment 2a High Alignability (HA) 1.38 (0.81) 2.12 (0.97) 0.75 (0.84)

Low Alignability (LA) 1.12 (0.78) 1.41 (0.95) 0.29 (0.93)

Experiment 2b Reversed 1.05 (0.73) 1.24 (0.88) 0.18 (0.80)

Experiment 3 High Alignability (HA) 0.85 (0.77) 1.20 (0.88) 0.35 (0.92)

Low Alignability (LA) 0.46 (0.60) 0.64 (0.81) 0.18 (0.82)

aPretest/posttest ToM scores are out of a possible three points; however, children with perfect pretest scores

were excluded from analysis.
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performance than those in the Compare-Items condition (M = 1.51, SE = 0.21), p = .102,

d = 0.87, and significantly better posttest performance than those in the Baseline condi-

tion (M = 1.19, SE = 0.20), p = .003, d = 1.32. For males, performance in the Compare-

Thoughts condition (M = 1.12, SE = 0.19) did not differ from performance in the Com-

pare-Items condition (M = 0.79, SE = 0.19), p = .679, d = 0.45, or the Baseline condition

(M = 1.08, SE = 0.19), p = 1.00, d = 0.06.

2.2.3. Near and far transfer
An important question is whether at posttest, the Compare-Thoughts group transferred

beyond the unexpected-contents task (that closely resembled training) to improve on the

other two false-belief tasks (the unexpected-location and verbal false-belief tasks). If they

are only able to show near transfer (i.e., to the unexpected-contents task), this will sug-

gest that the schema they formed during training was context-specific. The breakdown of

performance by task is shown in Fig. 3. To examine this, we analyzed performance on

the near-transfer task and the two far-transfer tasks separately. Our primary interest is in

whether and how far the Compare-Thoughts group was able to transfer. However, we also

analyzed performance in the Compare-Items and Baseline groups. Since these two groups

did not receive training with the unexpected-contents task, the distinction between near

and far transfer does not apply. Nevertheless, we include them for calibration.

2.2.3.1. Near transfer: To examine improvement on the near-transfer task, we conducted

McNemar’s exact tests. There was a significant pre-to-post increase in children passing

the unexpected-contents task in the Compare-Thoughts group, p = .001, V = .38. This

was not the case for the Compare-Items group, p = 1.00, V = .76, nor for the Baseline

group, p = .453, V = .52.

Fig. 2. Pretest and posttest performance across conditions in Experiment 1. Pretest performance did not differ

across conditions, but children in the Compare-Thoughts condition scored significantly higher on the posttest

than children in the control conditions after controlling for pretest scores. Plotted posttest means are estimated

marginal means; error bars depict �1 SEM.
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To examine condition differences, we conducted a multinomial logistic regression with

pretest as a covariate and condition as a fixed factor. Including sex and the condition by

sex interaction did not improve the model and so these factors were excluded. The final

model was significant, v2(3) = 36.08, p < .001. The Compare-Thoughts group was signif-

icantly more likely to improve on the near-transfer task, relative to the Baseline group,

b = 2.02, Wald’s v2 = 6.81, p = .009; the Compare-Items group was not, b = �0.68,

Wald’s v2 = 0.77, p = .379. Thus, for the near-transfer task, of the two training groups,

only the Compare-Thoughts group outperformed the Baseline group on the posttest; and

only the Compare-Thoughts group showed improvement from pretest to posttest.

2.2.3.2. Far transfer: To examine improvement from pretest to posttest on these tasks,

we computed new pretest and posttest scores, excluding performance on the unexpected-

contents task. Gain scores were compared to zero. Mean gains in the Compare-Thoughts

group were significantly greater than zero (M = 0.36, SD = 0.83), t(27) = 2.29, p = .030,

d = 0.43, as were those in the Compare-Items group (M = 0.27, SD = 0.45), t
(25) = 3.04, p = .006, d = 0.60. Mean gains in the Baseline group were not significantly

different from zero (M = 0.14, SD = 0.59), t(27) = 1.28, p = .212, d = 0.24.

To compare across conditions, we conducted an ANCOVA parallel to the one examining

overall performance using these new scores. We found no effect of condition,

F(2, 75) = 0.97, p = .384, g2 = .03. This suggests that the two training groups demon-

strated similar overall performance in the transfer tasks, and that the greater overall per-

formance in the Compare-Thoughts condition stemmed largely from passing the

unexpected-contents task. There was an effect of sex, F(1, 75) = 15.64, p < .001,

g2 = .17, as well as a marginal sex by condition interaction, F(2, 75) = 2.64, p = .078,

g2 = .07, that mirrored the patterns in the overall analysis.4 Females did better on the

Fig. 3. Change in percentage of children passing each task from pretest to posttest in Experiment 1. This

shows that the gains made by children in the Compare-Thoughts condition are primarily in the unexpected-

contents task (the near-transfer task).
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far-transfer tasks than males, and this may have driven the gender effects seen in the

overall analysis. However, we are unable to draw strong conclusions about gender

because we did not find effects of sex in any of the further three studies.5

2.3. Discussion

The results of Experiment 1 provide support for the hypothesis that comparison pro-

cesses support gaining insight into mental states. Children in the Compare-Thoughts con-

dition demonstrated significantly better false-belief understanding on the posttest than the

groups who did not compare thoughts (controlling for pretest performance). The advan-

tage of the Compare-Thoughts condition on the near-transfer task cannot be attributed to

comparison processing per se, because the Compare-Items group performed no differently

than the Baseline group. It also cannot be attributed to the presence of thought bubbles

because all three groups experienced thought bubbles. These results provide evidence that

analogical comparison can highlight commonalities and distinctions that are critical for

supporting ToM insights.

There were no condition differences on the far-transfer tasks, suggesting that the

advantage of the Compare-Thoughts condition was limited to the near-transfer task—that

is, to the unexpected-contents task, whose relational structure closely matches that of the

training scenario. However, both the Compare-Thoughts and Compare-Items groups made

significant gains on the far-transfer tasks from pretest to posttest. Inspection of Fig. 3

suggests that the Compare-Thoughts group made gains on near-transfer and on one of the

far-transfer tasks—the unexpected-location task. This pattern in the Compare-Thoughts

group could suggest that there was some degree of transfer from unexpected-contents to

unexpected-location. The pattern in the Compare-Items group is more puzzling; this

group appears to have made gains on only one task—verbal false belief. It’s possible that

being prompted to compare conferred some benefit (e.g., Todd et al., 2011), or that verbal

interaction or some other aspect of the training procedures led to these gains. However, it

is unclear why such benefits would have appeared selectively for only this task; the Com-

pare-Items group made no gains in the near-transfer task. Regardless, being asked to

compare, per se, and engaging in ancillary features of the training are not sufficient by

themselves to account for the complete pattern seen here.

Also, interestingly, the effect appeared to be more pronounced for females. This is

consistent with earlier work showing a female advantage in ToM (Charman et al., 2002)

and with evidence for the positive effects of gender on gains in false-belief performance

through training (Hofmann et al., 2016). However, we do not find gender effects in any

of our three subsequent studies; furthermore, as reviewed in Section 6, evidence for gen-

der effects in ToM is quite mixed.

The results of Experiment 1 provide support for the idea that analogical comparison

can facilitate false-belief understanding. However, the concentrated comparison experi-

ence provided here serves more as a proof-of-concept than as evidence that comparison

processes drive ToM learning in the child’s typical experience. In the Compare-Thoughts

condition, children were asked to compare mental states to states of the world, true-belief
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mental states to false-belief mental states, and whole situations involving true and false

mental states to each other. Clearly, this level of intensive, pedagogically directed com-

parison is not likely to happen in real life. Thus, in Experiment 2, we investigated

whether children could gain insight from their own spontaneous comparisons. Instead of

asking children direct comparison questions, we showed children a sequence of short

vignettes depicting true or false beliefs and asked questions about individual vignettes.

The idea is that, provided that the vignettes are sufficiently similar, children will sponta-

neously compare them; and this may help children gain insight into the distinction

between true and false beliefs.

Another key factor in Experiment 2 is the order in which children received the vign-

ettes. In Experiment 2a, we chose an order that has been investigated in prior analogical

research and found to be effective in promoting comparison—the repetition-break pattern

(Loewenstein & Heath, 2009). In the repetition-break pattern, two or more highly align-

able events are stated in sequence, fostering alignment and schema abstraction (Principle

1). This is followed by a final event that is highly alignable, but differs in some key way.

When this final event is aligned with the schema, then this alignable difference should

“pop out” (Principle 2). This narrative structure is widely used in fables and folk stories

as a means of creating interest and highlighting a key point (Loewenstein, Raghunathan,

& Heath, 2011). Notably, this pattern is often used in children’s stories (e.g., Three Billy

Goats Gruff, Three Little Pigs). For example, in the Three Little Pigs, three pigs each

build a house. The first little pig builds a house of straw, but a wolf blows it down and

devours him. The second little pig builds a house of sticks; but the wolf also blows this

house down and devours the second pig. The third little pig builds a house of bricks, and

again the wolf tries to blow the house down. But this time the wolf fails; the house is too

strong. Instead of devouring the third pig, the wolf is soundly defeated.6 This narrative

pattern may be especially effective for children because the first two situations are similar

enough to be aligned even by a young child, leading the child to form a common schema.

When the third situation is encountered, it is close enough to align with the schema—
with the result that the difference pops out as an alignable difference.

In Experiment 2a, our goal was to allow children to note the contrast between true and

false beliefs. To do this, we constructed a repetition-break sequence that began with two

analogous true-belief stories and ended with a false-belief story whose relational structure

largely matched that of the first two stories, but which ended differently (in that the belief

turned out to be false). The idea is that children will spontaneously align the first two sto-

ries, rendering the common true-belief structure salient. The subsequent false-belief story

will initially align with this schema, leading to the candidate inference that the charac-

ter’s belief is true. When the belief turns out to be false, we expect this alignable differ-

ence to stand out as highly salient, thus calling attention to the difference between true-

and false-belief events. Our goal was to highlight the idea that thoughts do not always

match reality, which may make children curious as to when this occurs. Importantly, the

same examples experienced in a different sequence—for example, in reverse—should not

facilitate insight into belief schemas as effectively as the repetition-break order. This pre-

diction was tested in Experiment 2b.
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Experiment 2 also tested the claim that high overall similarity should strengthen com-

parison effects. According to Principle 3, this happens for two reasons: First, high overall

similarity between two sequential events increases the likelihood that children will spon-

taneously compare them; and, second, high overall similarity facilitates structural align-

ment, especially in early learning (Gentner, Anggoro, & Klibanoff, 2011; Gentner,

Loewenstein, & Hung, 2007; Gentner & Medina, 1998; Gentner & Toupin, 1986; Gold-

stone & Son, 2005; Hoyos & Gentner, 2017). Thus, we predicted that children presented

with vignettes that are highly similar would be more likely to align the first two stories

and extract their common relational structure, and therefore to notice the difference

between true- and false-belief events.

Another motivation for Experiment 2 is that in Experiment 1, children in the Com-

pare-Thoughts training received more exposure to mental states than did those in the

other conditions. In Experiment 2, we equated exposure to mental-state depictions.

Instead, what varied was the predicted likelihood that children would compare and align

this information across instances. If we observe better performance on false-belief tasks

when structural alignment across training instances is facilitated, this will provide evi-

dence that comparison can support false-belief understanding.

In Experiment 2, we also asked whether the effectiveness of training could be related

to children’s command of mental-state language. As discussed earlier, positive effects of

mental-state language have been found for performance on false-belief tasks (de Villiers

& Pyers, 2002; Lohmann & Tomasello, 2003; Pyers & Senghas, 2009; Rabkina, Nakos,

& Forbus, 2019). Therefore, we included an additional elicitation task in which we mea-

sured children’s spontaneous production of mental-state verbs. If spontaneous use of men-

tal-state verbs is related to children’s propensity to encode situations in terms of mental

states, then children who produced mental-state verbs in the elicitation task would benefit

more from the training than those who did not.

A final question concerns transfer. In Experiment 1, the Compare-Thoughts group

showed advantages only on the unexpected-contents task, showing transfer only to the

task that resembled training. In Experiment 2, we asked whether the new training proto-

col would support transfer to the other false-belief tasks in the posttest (the unexpected-

location and verbal false-belief tasks).

In sum, Experiment 2 tested two key predictions that arise from structure mapping:

First, high overall similarity should invite and support comparison across examples, lead-

ing to better understanding of the underlying structures involved (Experiment 2a); second,

experiencing examples in a repetition-break sequence should highlight the common struc-

ture in true-belief scenarios, and consequently make the key difference in the false-belief

scenario more apparent (Experiment 2b). In addition, we aimed to clarify how features of

our methods (explicit prompts to compare, differing exposure to thought bubbles) affect

children’s false-belief understanding. Finally, we extended our investigation to include

mental-state language—another factor that has been found to be important in false-belief

understanding.
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3. Experiment 2a

In Experiment 2a, we again used a pretest-training–posttest design, within a single ses-

sion. As in Experiment 1, we used the unexpected-contents task in our training. Our goal

in the key condition was to lead children to notice the difference between false beliefs

and true beliefs. To do this, we used a repetition-break sequence (Loewenstein & Heath,

2009) that began with two parallel (and readily alignable) true-belief scenarios, followed

by a highly alignable false-belief scenario. Children saw a series of three stories. In each

scenario, a character looked at a box—for example, a crayon box—and a thought bubble

appeared with the character’s belief about its contents (e.g., crayons). Then the contents

of the box were revealed. In the first two stories, the character’s belief was correct (true-

belief events). In the third story, the character’s belief was shown to be incorrect (false-

belief event). The prediction is that structural alignment between the first two situations

will render their common true-belief structure salient. When this common schema is

applied to the final false-belief scenario, the critical difference between true and false

beliefs will stand out.

To test the prediction that structural alignment is critical, we varied the similarity

among the scenarios (see Fig. 4). In the High-Alignability (HA) condition, the three sto-

ries were similar in characters and objects. The Low-Alignability (LA) condition used the

same sequence of two true-belief events followed by a false-belief event, but the charac-

ters and objects differed across the stories, making it harder for children to align across

them. If comparison processing is critical to this learning, children in the HA condition

will show more gains than those in the LA condition.

In addition to equating exposure to mental states, this simpler method was intended to

reduce demands on attention. For each scenario, children attended to a single character

and container, and there were fewer questions than in Experiment 1. Because the proce-

dure was expected to be less demanding than that of Experiment 1, we extended the age

range to the whole 4–5 period.

3.1. Methods

3.1.1. Participants
Eighty-one 4- to 5-year olds from the greater Evanston/Chicago area participated in

this study (39 females, mean age = 54 months, range = 48–60 months). Eight additional

children were tested but excluded from analyses for bringing a distracting toy into the

testing area (n = 2), refusing to complete the study (n = 1), not answering all questions

or not answering non-target questions appropriately during the study (n = 4), or experi-

menter error (n = 1). Another 50 children were excluded for ceiling performance in the

pretest. The demographic make-up was similar to that of Experiment 1.

Children were assigned to the HA (n = 40, 20 females, mean age = 54 months,

range = 48–60 months) or the LA (n = 41, 19 females, mean age = 53 months,

range = 48–60 months) conditions. There were no differences across conditions in child
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age, F(1, 79) = 2.30, p = .134, g2 = .03, or gender, v2(1) = 0.11, p = .742, V = 0.04.

Importantly, children also showed no differences across groups in false-belief perfor-

mance on the pretest, F(1, 79) = 2.06, p = .155, g2 = .02.

3.1.2. Design and procedure
After completing the diverse desires warm-up task, children completed a mental-state

language elicitation task, adapted from a task used by Pyers and Senghas (2009). They were

shown a cartoon story about two brothers engaged in deception and asked to describe what

was occurring in each panel of the comic. At each panel, children were prompted with

“What’s happening here?” or “And then what happened?” but were not asked any specific

questions about the stories. Their utterances were transcribed and coded as to whether chil-

dren used mental-state verbs to describe the scenes (e.g., want, think, know).
Following the elicitation task, all children completed the false-belief pretest (consisting

of three tasks: unexpected-contents; unexpected-location; verbal false-belief) and the

thought-bubbles training procedure as in Experiment 1. Then children were randomly

assigned to either the HA or the LA condition. In both conditions, children saw three sto-

ries presented sequentially: two true-belief stories followed by a false-belief story. Specif-

ically, the first two events showed “expected contents” situations while the third showed

the classic unexpected-contents situation. See Supplementary Material for full procedure.

Fig. 4. Sample stills of stories shown to children during training in Experiment 2a. The first two stories were

true-belief events followed by a final false-belief event. In the High Alignability condition, the stories used

similar language and characters to invite and facilitate comparison across the stories. In the LA condition, the

stories had differing language and characters to make comparison less likely.
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In each of the three stories, children saw a box with obvious contents (such as cereal).

Children were asked to predict what was inside the box, and the experimenter confirmed

(“Yes, probably cereal”). This ensured children understood what the contents of the box

should be. Then a character (Kim) who also had not yet seen inside the box appeared,

with a thought bubble depicting her belief as to its contents (cereal). That is, children did

not need to infer the character’s thoughts because they were depicted in the scenario. The

experimenter said, “Kim thinks that there’s cereal in there. . .if you look there, you can

see what she is thinking. So let’s open the box and see what’s inside” (see Fig. 4). Then

the experimenter revealed the contents of the box, and the child was asked “Was she

right?” The idea was to make sure children had noticed that the character’s belief

matched (or did not match) the true contents of the box. The correct answer was con-

firmed by the experimenter (e.g., “That’s right—she thought there was cereal inside the

box, and there was!”). Children (in this and the following studies) were nearly perfect in

their answers to these questions. In the first two stories, the characters’ predictions were

right. In the third story (a false-belief story), the character’s prediction was wrong. The

idea was that if the child had successfully aligned the first two true-belief scenarios, then

the contrast with the false-belief outcome in the third story should be highly salient (see

Fig. 4 and Supplementary Material for full procedure).

We manipulated the alignability of the stories in four ways: (1) the characters and

objects were highly similar in the HA condition and much less similar in the LA condi-

tion; (2) the same mental verb “think” was used in each story in the HA condition; in the

LA condition, “think” was used in stories 1 and 3 and “believe” was used in story 2; (3)

the spatial orientation of the box and the character were identical across the stories in the

HA condition, but varied across stories in the LA condition; and (4) the location of the

stories on the screen progressed in an easy-to-compare pattern (top left, center, bottom

right) in the HA condition. This progression was disrupted in the LA condition (top left,

middle right, and bottom center) to make alignment less likely.

Following the training scenarios, each child then completed three false-belief tasks for

the posttest. Again, an unexpected-contents task examined near transfer, while the unex-

pected-location and verbal false-belief tasks allowed us to look for evidence for far

transfer.

Unlike in Experiment 1, there was no explicit directive to compare across the stories.

High similarity across the events should increase the likelihood that children sponta-

neously align across them. Thus, we predicted that the HA group would be more likely

to align the first two stories and extract their common relational structure, therefore facili-

tating their ability to notice the difference between true and false beliefs.

3.2. Results

As in Experiment 1, children were given a score of 1 if they answered both the target

and memory questions correctly; children with perfect pretest scores were excluded. Pret-

est and posttest means are displayed in Table 1. For the Elicitation task, we coded

whether children produced one or more mental-state verbs (want, think, or know) in their
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retelling of the cartoon. We used a categorical variable to indicate whether the child did

or did not produce a mental-state verb.

3.2.1. Training effects
To assess whether significant improvement following training occurred in each condi-

tion, we compared gains from pretest to posttest to zero. Mean gains in the HA condition

(M = 0.75, SD = 0.84) were significantly higher than zero, t(39) = 5.65, p < .001,

d = 0.89, as were the gains in the LA condition (M = 0.29, SD = 0.93), t(40) = 2.02,

p = .050, d = 0.32.

To examine effects and interactions of condition, an ANCOVA with pretest score as a

covariate; posttest score (out of 3) as the dependent variable; and condition, gender, and

mental-state language as between-subjects factors was conducted. Pretest scores signifi-

cantly predicted posttest scores, F(1, 72) = 26.84, p < .001, g2 = .27 (see Fig. 5 and

Table 1 for pretest and posttest means).

The analysis revealed a main effect of condition, F(1, 72) = 7.43, p = .008, g2 = .09,

whereby children in the HA condition passed significantly more of the false-belief tasks

on the posttest (M7 = 2.05, SE = 0.13) than children in the LA condition (M = 1.54,

SE = 0.13). In contrast to Experiment 1, no effects of gender emerged; females

(M = 1.88, SE = 0.13) and males (M = 1.71, SE = 0.13) performed equally well on the

posttest, F(1, 72) = 0.78, p = .381, g2 = .01, and the interaction between gender and

condition was also not significant, F(1, 72) = 1.32, p = .255, g2 = .02.

Fig. 5. Pretest and posttest performance across conditions in Experiments 2a and 2b. Pretest performance did

not differ across conditions, but children in the High-Alignability condition scored significantly higher on the

posttest than children in the Low-Alignability and Reversed conditions (who did not differ) after controlling

for pretest scores. Both High-Alignability and Low-Alignability conditions (but not the Reversed condition)

showed significant gains from pretest to posttest. Plotted posttest means are estimated marginal means; error

bars depict �1 SEM.
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3.2.2. Mental-state language
Examination of mental-state language showed that 37 children (46%) produced at least

one mental-state verb in the elicitation task, whereas the other 44 children (54%) did not.

Most of these uses were of the verb want. The ANCOVA did not find a significant differ-

ence in false-belief understanding between children who produced mental-state language

and those that did not, F(1, 72) = 2.61, p = .11, g2 = .04, nor was there an interaction

between condition and mental-state language, F(1, 72) = 1.19, p = .278, g2 = .02.

Nonetheless, we ran planned comparisons on false-belief performance between children

who had and had not produced mental-state language within each condition. We found a

marginal effect in the LA condition: Children who produced mental-state language

(M = 1.79, SE = 0.19) in the LA condition demonstrated marginally better false-belief

understanding after training than children who did not (M = 1.29, SE = 0.18), p = .059,

d = 0.60. However, there was no difference between children who had (M = 2.10,

SE = 0.20) and had not (M = 2.00, SE = 0.18) produced mental-state language in the HA

condition, p = .712, d = 0.12.

3.2.3. Near and far transfer
To examine the breadth of children’s transfer, we analyzed the near- and far-transfer

tasks separately. See Fig. 6 for a breakdown of false-belief performance across tasks.

3.2.3.1. Near transfer: To examine improvement on the near-transfer task (the unex-

pected-contents task), we conducted McNemar’s exact tests. There was a significant

increase in children passing the unexpected-contents task after training in both the HA

group, p = .006, V = .37, and the LA group, p = .021, V = .26. To directly compare per-

formance across conditions, we also conducted a multinomial logistic regression with

Fig. 6. Change in percentage of children passing each task from pretest to posttest for Experiments 2a and

2b.
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pretest as a covariate and condition as a fixed factor. Mental-state language, sex, and their

interactions with each other and with condition were also considered as factors; however,

only mental-state language improved the model with pretest and condition, so the final

model included only these three variables, v2(3) = 20.21, p < .001. Condition did not

predict improvements on the unexpected-contents task, b = 0.76, Wald’s v2 = 1.37,

p = .242; however, mental-state language did, b = �2.19, Wald’s v2 = 8.29, p = .004.

Children who did not produce any mental-state language were less likely than those who

did to pass the unexpected-contents task. Thus, children in the HA and LA groups suc-

ceeded in near transfer equally well, but children who used mental-state language were

more likely to succeed than those who did not.

3.2.3.2. Far transfer: To assess whether children in each condition improved on the far-

transfer measures (the unexpected-location and verbal false-belief tasks), gain scores from

pretest to posttest on these tasks were compared to zero. Mean gains in the HA were sig-

nificantly greater than zero (M = 0.50, SD = 0.72), t(39) = 4.42, p < .001, d = 0.70; in

contrast, the gains in the LA group were not (M = 0.05, SD = 0.77), t(40) = 0.40,

p = .688, d = 0.06.

To examine condition differences, we ran an ANCOVA parallel to the one examining

overall performance, considering only the far-transfer measures on the pretest and postt-

est. We found that children in the HA condition (M = 1.23, SE = 0.11) significantly out-

performed those in the LA condition (M = 0.74, SE = 0.11), F(1, 72) = 9.52, p = .003,

g2 = .12. There were no effects or interactions with children’s production of mental-state

language on the far-transfer tasks. In sum, children in the HA condition were better able

to transfer beyond the unexpected-contents task to pass the other two false-belief tasks

than children in the LA condition.

3.3. Discussion

As predicted, children who received training with highly alignable examples demon-

strated better false-belief understanding than children who received training with less

alignable examples. It appears that children can benefit from a series of alignable events

to gain insight into ToM. Importantly, there was no explicit invitation to children to

compare the events (in contrast to Experiment 1). Thus, children’s performance after

training in this task resulted from their own spontaneous engagement in comparison pro-

cesses.

It is also noteworthy that children in the HA condition transferred beyond the unex-

pected-contents task at posttest. That is, they showed better performance than those in the

LA condition on the unexpected-location and verbal false-belief tasks. It might seem sur-

prising that seeing less variable exemplars should lead to broader transfer, but this is pre-

dicted if children who experience more variable examples are less likely or less able to

compare them. Only the HA group made significant gains on these far-transfer tasks,

despite engaging in similar training procedures to the LA group, including seeing the

same types of false-belief stories and answering the same questions.
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We also found some indication that mental-state language—specifically, children’s

spontaneous production of mental-state verbs—can interact with analogical processing.

Children who produced mental-state language fared better than those who did not in the

LA condition, whereas there was no difference for children in the HA condition. These

results are in line with prior work. Early in learning, before children have learned domain

relations, they tend to focus on object matches (Gentner, 1988; Richland, Morrison, &

Holyoak, 2006). Thus, they require high overall similarity to successfully align two situa-

tions (Gentner & Toupin, 1986; Loewenstein & Gentner, 2001). But with increasing rela-

tional knowledge, learners become able to align relationally similar situations even when

the situations lack concrete similarity (Gentner, 2003, 2010; Gentner et al., 2007; Gentner

& Rattermann, 1991; Kotovsky & Gentner, 1996). Against this background, we suggest

that children who had more relational knowledge (as reflected in their spontaneous use of

mental-state language) may have been more likely to encode the events in terms of men-

tal relations, which in turn would have invited alignment even when surface-level com-

monalities were lacking. Children who did not produce such verbs may have been less

likely to encode the events in terms of the relevant relations, and therefore more reliant

on overall similarity to successfully align the events.

4. Experiment 2b

The results of Experiment 2a provide encouragement for the idea that children’s own

spontaneous structure-mapping processes can drive insight into ToM. In the preceding

study, high similarity encouraged and supported children’s alignment. However, Experi-

ment 2a also provided what structure mapping would predict to be an ideal repetition-

break sequence. Our processing account predicts that the repetition-break sequence is

effective because (a) the first two events (whose relational structure is identical) are spon-

taneously aligned to create a true-belief schema in which the character’s expectations

concerning the contents of the container are fulfilled and (b) because that schema largely

aligns with the final event, the alignable difference between them (that the contents are

not what was expected) stands out sharply, highlighting the difference between true and

false beliefs. If this account is correct, then experiencing the events in this order was

important for children to gain false-belief insight.

To test this prediction, in Experiment 2b, we altered the order of the events in the HA

condition to eliminate the repetition-break sequence and compared this to the LA and HA

conditions in Experiment 2a. Specifically, we reversed the order of events such that chil-

dren started training with the false-belief event, followed by the two true-belief events. In

this order, the first event (false belief) and the second event (true belief) should not spon-

taneously align, so the alignable difference between the events should not pop out.

We predicted that this order would fail to make the contrast between true- and false-

belief salient, and thus would not support success on subsequent false-belief tasks. Thus,

if our processing account is correct, children should show lower performance in this

reversed condition than in the comparable repetition-break condition. This outcome would
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lend support to the claim that children’s online analogical generalization and inference

processes can support ToM insight.

4.1. Methods

4.1.1. Participants
Thirty-eight 4-year olds from the greater Evanston/Chicago area participated in this

study (16 females, mean age = 53 months, range = 48–59 months). Six additional chil-

dren were tested but were excluded from analysis for not finishing the study or not

answering non-target questions appropriately (n = 3) and/or experimenter error (n = 4).

Another 27 children participated in the study but were excluded from analysis for ceiling

performance on the pretest. The demographic make-up was similar to that of Experiments

1 and 2a.

All children were assigned to the Reversed condition in Experiment 2b. When we

compared this Reversed condition to the LA and HA conditions in Experiment 2a, there

were no differences across conditions in child age, F(2, 116) = 1.96, p = .146, g2 = .03;

in gender, v2(2) = 0.49, p = .783, V = 0.06; nor in false-belief performance on the pret-

est, F(2, 116) = 1.89, p = .155, g2 = .03.

4.1.2. Design and procedure
The overall order of tasks was identical to that of Experiment 2a. Participants first

completed the diverse desires warm-up task, followed by the mental-state language elici-

tation task, the false-belief pretest, and the thought-bubbles training. Then, in the training

task, children were given the HA events from Experiment 2a, but in reversed order. Chil-

dren first saw the false-belief event, followed by the two true-belief events. The proce-

dure and questioning within each event were identical to those of Experiment 2a.

Following this training, children completed the false-belief posttest.

4.2. Results

4.2.1. Training effects
To assess improvement after training, gains from pretest to posttest in the Reversed

condition were compared to zero. Children in this condition, unlike the HA and LA con-

ditions in Experiment 2a, did not show significant gains (M = 0.18, SD = 0.80), t
(37) = 1.42, p = .164, d = 0.23.

To assess effects and interactions with condition, an ANCOVA comparing the perfor-

mance in the Reversed condition to the HA and LA training conditions in Experiment 2a,

with pretest score as a covariate; posttest score (out of 3) as the dependent variable; and

condition, gender, and mental-state language as between-subjects factors was conducted.

Pretest scores significantly predicted posttest scores, F(1, 106) = 39.56, p < .001,

g2 = .27 (see Fig. 5 and Table 1 for pretest and posttest means).
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The analysis revealed a significant effect of condition, F(2, 106) = 6.64, p = .002,

g2 = .11. Planned comparisons showed that performance in the HA condition of Experi-

ment 2a was significantly greater than in the Reversed condition of Experiment 2b

(M3 = 1.34, SE = 0.14), p = .001, d = 0.60. However, performance in the LA condition

of Experiment 2a was not significantly different from the Reversed condition, p = 0.409,

d = 0.19. These results are shown in Fig. 5.

As in the analysis in Experiment 2a, this analysis including the Reversed condition did

not yield any effects of gender. Females (M = 1.70, SE = 0.12) performed no better than

males (M = 1.54, SE = 0.10) on the posttest, F(1, 106) = 1.12, p = .293, g2 = .01, and

there was no significant interaction between gender and condition, F(2, 106) = 0.69,

p = .503, g2 = .01. No other effects or interactions were significant (Fig. 7).

Because the Reversed condition did not seem to benefit learning, we did not examine

near- and far-transfer effects for this group.

4.2.2. Mental-state language
We also examined performance within the Reversed condition by mental-state language

production. Within this condition, 15 children (39%) had produced at least one mental-state

verb (want, think, or know) in the elicitation task, and 23 had not (61%). However, children

who produced mental-state language (M = 1.34, SE = 0.24) performed no better than chil-

dren who did not (M = 1.34, SE = 0.17) after Reversed training, p = .980, d = 0.01.

4.3. Discussion

As predicted, children in the Reversed condition demonstrated poorer false-belief under-

standing than the HA group in Experiment 2a, who had seen the same highly alignable

Fig. 7. Pretest and posttest performance across conditions in Experiment 3. Pretest performance differed sig-

nificantly across conditions. However, children in the High-Alignability condition scored significantly higher

on the posttest than children in the Low-Alignability condition after controlling for pretest scores. Only the

High-Alignability condition showed significant gains from pretest to posttest. Plotted posttest means are esti-

mated marginal means; error bars depict �1 SEM.
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examples, but in an ideal repetition-break order. Despite seeing these highly alignable

events, the Reversed condition was also no better after training than the LA group, who

had seen less alignable events. In fact, although both the HA and LA groups given the rep-

etition-break sequence made significant gains from pretest to posttest, the Reversed condi-

tion did not. Even those who spontaneously produced mental-state language failed to show

improvement. This shows that the order of events—and thus the kinds of online compar-

isons children engaged in—was a strong determinant of what they learned. The repetition-

break order supported insights about false beliefs, but the reversed order did not.

How did the repetition-break sequence support learning across the events? Using the

repetition-break sequence allowed children to extract a schema from the first two true-be-

lief examples—namely, that the character’s (and the child’s) belief would be confirmed.

The final example began in the same way as the others, inviting the child to apply the

schema. Aligning the schema with the final situation led to the inference that the event

would unfold in the same way—that the box’s contents would match the character’s (and

the child’s) expectations. Thus, the outcome, disconfirming the character’s belief, stood

out as a salient difference. This contrast made the difference between the true- and false-

belief events pop out. In the Reversed condition, the false-belief event was shown first,

without first making the true-belief structure salient. Even though the same three events

were shown, children made no gains in this condition. This suggests that first creating a

schema by comparing the two true-belief events was critical for highlighting the alignable

difference between the true- and false-belief events.

5. Experiment 3

In the previous studies, we focused on 4-year olds, an age at which false-belief under-

standing is rapidly developing. In Experiment 3, we examined whether 3½-year olds

could benefit from the repetition-break training we provided in Experiment 2a. We used

the same procedures and conditions as in Experiment 2a. As before, our prediction was

that children in the HA condition should see greater gains in false-belief reasoning than

those in the LA condition (based on Principle 3). This would lend further strength to our

claim that these learning processes are important for ToM development, as the benefits of

comparison would extend across multiple age groups.

5.1. Methods

5.1.1. Participants
Seventy-nine 3½-year olds from the greater Evanston/Chicago area participated in this

study (34 females, mean age = 44 months, range = 41–47 months). Six additional chil-

dren were tested but were excluded from analysis for at least one of the following: refus-

ing to answer questions (n = 4), not speaking English (n = 1), and experimenter error
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(n = 2). Another 17 children participated but were excluded from analysis for ceiling per-

formance in the pretest.

Children were assigned to the HA (n = 40, 17 females, mean age = 44 months,

range = 41–47 months) or the LA conditions (n = 39, 17 females, mean

age = 44 months, range = 41–47 months). There were no differences across conditions

for age, F(1, 77) = 0.07, p = .786, g2 = .00, or gender, v2(1) = 0.01, p = .922, V = 0.01.

Though children were randomly assigned to condition, we did find a significant difference

across conditions in false-belief pretest scores, F(1, 77) = 6.24, p = .015, g2 = .08. Chil-

dren in the HA condition started out with a higher pretest mean than the LA condition

(see Table 1).

5.1.2. Design and procedure
The procedure was identical to Experiment 2a. In a single session, children first com-

pleted the diverse desires warm-up task, followed by the mental-state language elicitation

task, the false-belief pretest, and the thought-bubbles training. Children were then ran-

domly assigned to the HA or LA conditions for training. Finally, they completed the

false-belief posttest last.

5.2. Results

As in the previous experiments, children were given a score of 1 if they answered both

the target and memory questions correctly; children with perfect pretest scores were

excluded (see Table 1 for pretest and posttest means). For the elicitation task, we again

measured whether children produced any mental-state verbs (want, think, or know).

5.2.1. Training effects
To assess improvement following training, gains from pretest to posttest were com-

pared to zero. Mean gains in the HA condition (M = 0.35, SD = 0.92) were significantly

greater than zero, t(39) = 1.42, p = .021, d = 0.38; however, gains in the LA condition

(M = 0.18, SD = 0.18) were not, t(38) = 1.36, p = .181, d = 0.22.

To compare performance across conditions, an ANCOVA with pretest score as a covari-

ate; posttest score (out of 3) as the dependent variable; and condition, gender, and men-

tal-state language as between-subjects factors was conducted. Pretest scores significantly

predicted posttest scores, F(1, 70) = 11.32, p = .001, g2 = .14.

The analysis revealed a significant effect of condition, F(1, 70) = 4.10, p = .047,

g2 = .06. Children in the HA condition (M7 = 1.09, SE = 0.14) showed significantly bet-

ter performance after training than the LA condition (M = 0.69, SE = 0.14), after control-

ling for pretest performance.

Unlike Experiment 1, but like Experiment 2, gender was not related to children’s

false-belief understanding following training. Females (M = 0.76, SE = 0.14) and males

(M = 1.02, SE = 0.13) performed equally well on the posttest, F(1, 70) = 1.73, p = .193,

g2 = .02, and gender did not interact with condition, F(1, 70) = 0.43, p = .515, g2 = .01.

No other effects or interactions were significant.
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5.2.2. Mental-state language
Among this sample of 3½-year olds, 34 children (43%) produced at least one men-

tal-state verb (want, think, or know), and 45 children (57%) did not. We compared

posttest performance for children who did and did not produce mental-state language

in each condition. As in Experiment 2a, performance in the HA group did not differ

between children who did (M = 1.20, SE = 0.20) or did not (M = 0.98, SE = 0.19)

produce mental-state language, p = .416, d = 0.25. However, in contrast to Experiment

2a, performance in the LA group also did not differ between children who did

(M = 0.66, SE = 0.20) or did not (M = 0.72, SE = 0.17) produce mental-state lan-

guage, p = .842, d = 0.06.

5.2.3. Near and far transfer
To examine the breadth of children’s transfer, we analyzed the near- and far-transfer

tasks separately.

5.2.3.1. Near transfer: To examine improvement on the near-transfer task, we conducted

McNemar’s exact tests. There was a significant increase in children passing the unex-

pected-contents task after training in the HA group, p = .008, V = .42, but not the LA

group, p = .109, V = .47. To directly compare performance across conditions, we also

conducted a multinomial logistic regression with pretest as a covariate and condition as a

fixed factor. Mental-state language, sex, and their interactions with each other and with

condition were also considered as factors; however, none of these improved the fit of the

model and so were excluded. The final model with pretest and condition was significant,

v2(2) = 18.73, p < .001. However, condition was not related to the likelihood of passing

the unexpected-contents task, b = �0.782, Wald’s v2 = 2.32, p = .128. Thus, the HA

group was more likely to improve on the near-transfer task than the LA group, but com-

paring groups directly shows that the HA group was not more likely overall to pass the

near-transfer task than the LA group.

5.2.3.2. Far transfer: To assess whether children in each condition improved on the far-

transfer measures (the unexpected-location and verbal false-belief tasks), gain scores from

pretest to posttest on these tasks were compared to zero. Mean gains in the HA group

were not significantly greater than zero (M = 0.05, SD = 0.71), t(39) = 0.44, p = .660,

d = 0.07; nor were the gains in the LA group (M = 0.05, SD = 0.77), t(38) = 0.27,

p = .786, d = 0.04.

To examine condition differences in children’s far transfer, we conducted an ANCO-

VA parallel to the one in the overall analysis, considering only the far-transfer tasks

on the pretest and posttests. An effect of condition was marginally significant, F(1,
70) = 3.78, p = .056, g2 = .05. For 3½-year olds, performance on the far-transfer

posttest tasks was better following HA (M = 0.58, SE = 0.10) than LA training

(M = 0.29, SE = 0.10).
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5.3. Discussion

This study tested whether the ToM performance of 3½-year olds—who are not typi-

cally able to reliably reason about false belief—could benefit from analogical compari-

son. We found that the answer is yes: 3½-year olds can gain insight from

experiencing the sequence of comparisons embodied in the repetition-break sequence.

And like the 4-year olds in Experiment 2a, 3½-year olds demonstrated better false-be-

lief understanding following training with highly alignable examples. However, this

ability is more fragile for the younger children: Unlike the 4-year olds in Experiment

2a, who made gains in both conditions, the 3½-year olds showed significant gains only

in the HA condition. This pattern is notable because the HA group started with higher

pretest performance, and thus had less growth potential than the LA group. The 3½-

year olds also failed to transfer beyond the unexpected-contents task, even in the HA

condition, suggesting that their analogical generalization was fairly concrete and con-

text-specific.

6. General discussion

In four experiments, we found evidence that analogical comparison can help children

gain an understanding of the critical false-belief insight that mental states can differ from

reality. In all four studies, we used a pretest-training–posttest sequence to assess the

effects of analogical comparison. Experiment 1 was intended as a proof-of-concept to test

whether children would benefit from intensive explicit comparisons between true- and

false-belief scenarios. We showed 4-year-old children training scenarios with two juxta-

posed cartoon characters—one with a true belief and one with a false belief—and

prompted them to make comparisons between mental states and reality, between true and

false beliefs, and between scenarios involving these distinctions. Controlling for pretest

scores, children in this intensive comparison condition demonstrated significantly better

false-belief understanding at posttest than children who were given other kinds of com-

parisons or no training. This finding is evidence that analogical comparison can support

ToM insight, at least when children are given a concentrated set of explicit comparisons.

This sets the stage for asking our central question—can children’s own spontaneous com-

parison processes promote gains in ToM?

In the remaining studies (Experiments 2a, 2b, and 3), children were exposed to

sequences of discrete scenarios, an approach that more closely resembles what could hap-

pen in real life. These studies allow us to test four principles derived from structure map-

ping: (1) Structural alignment renders common structure more salient, thus promoting

schema abstraction; (2) comparison between highly alignable events promotes highlight-

ing of alignable differences; (3) high overall similarity between situations both invites

spontaneous comparison and facilitates structural alignment; and (4) the less the learner

knows about the relational structure of a domain, the more dependent they are on overall

similarity and other supports to perceive and align relational structure.
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Principles (1) and (2) are combined in the repetition-break sequence (Loewenstein &

Heath, 2009). In this sequence, two highly alignable events are juxtaposed, inviting com-

parison and schema abstraction. This is immediately followed by a final event that partly

aligns with that schema—inviting alignment and inference-projection—but deviates from

it in a critical way. This renders the key difference salient—a kind of pop-out effect. Our

hypothesis was that this sharp contrast would support learning. Specifically, we hypothe-

sized that the repetition-break sequence could be harnessed to show children the differ-

ence between true and false beliefs. A further prediction, stemming from Principles (3)

and (4), was that these early learners would show more gains when given high-overall-

similarity sequences (as in the HA conditions) than when given less surface-similar

events (as in the LA conditions). This prediction was confirmed in Experiments 2a and 3.

Experiment 2a tested whether the repetition-break sequence (Principles 1 and 2) would

be effective in conveying the true-belief–false-belief distinction. This study also tested

the prediction that high overall similarity promotes spontaneous comparison and structural

alignment (Principle 3). Thus, we varied the surface similarity among the three events in

the repetition-break sequence (TB, TB, and FB). In the High-Alignability condition, the

three events were overall similar—they shared surface similarities as well as relational

similarity. In the Low-Alignability condition, the events shared relational structure but

not surface similarity—that is, they had somewhat dissimilar objects, characters, and spa-

tial configurations (see Fig. 4). The results bore out our predictions. Both groups showed

significant gains from pretest to posttest (consistent with Principles 1 and 2), though the

High-Alignability group performed better than the Low-Alignability group (consistent

with Principle 3). Further, whereas the Low-Alignability group showed gains only on the

trained task (the unexpected-contents task), the High-Alignability group also showed far-

transfer to new false-belief tasks (unexpected location and verbal false-belief). These find-

ings underline that false belief may not be an all-or-nothing insight; children may learn it

in a highly context-specific way (as in our Low-Alignability group) and gradually gener-

alize the schema as they encounter more examples. This incremental learning course is

naturally predicted by the structure-mapping account8 (Kuehne, Forbus, et al., 2000).

In Experiment 3, we ran the same design with a younger group (3½-year olds): Chil-

dren were given the repetition-break sequence with either a High-Alignability set or a

Low-Alignability set. Again, we found that children gained significantly in ToM perfor-

mance after repetition-break training (consistent with Principles 1–3). But unlike the 4-

year olds, the 3½-year olds showed gains only in the High-Alignability condition. That

is, consistent with Principle 4, younger children required greater overall similarity to

derive the analogical insight.

A further prediction of the structure-mapping account is that, to benefit from the repeti-

tion-break sequence, the learner must be able to align the first two items and form a common

schema. We tested this prediction in Experiment 2b by reversing the repetition-break

sequence used in the High-Alignability condition from Experiment 2a—resulting in a FB,

TB, and TB sequence. We predicted that without an early pair of highly alignable events,

spontaneous schema formation would not occur, and no inferences would be projected to

the third event (Principle 1). As predicted, 4-year olds failed to make significant gains in
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false-belief understanding when they received this reversed order. This finding underscores

the importance of structural similarity in the alignment process; even though high surface

similarity was maintained, we saw no evidence of schema-formation. Critically, this finding

also highlights the role of alignable differences in supporting children’s false-belief insight.

Alignable differences can be powerful sources for learning. Alignable differences have

been shown to aid category learning in adults (Higgins & Ross, 2011) and word learning in

children (Shao & Gentner, 2016; Waxman & Klibanoff, 2000). Alignable differences are

faster to notice than non-alignable differences (Sagi et al., 2012), are more likely to be men-

tioned when people describe comparisons (Gentner & Gunn, 2001; Gentner & Markman,

1994), and are better remembered (Markman & Gentner, 1997). These patterns are pre-

dicted by structure mapping and are readily modeled by its computational model, SME (the

Structure-mapping Engine; Falkenhainer et al., 1989; Forbus, Ferguson, Lovett, & Gentner,

2017). SME has also been used to simulate the rapid “pop out” of alignable differences in a

visual comparison task (Sagi et al., 2012), using the same alignment process that it uses for

analogical processing in general. To our knowledge, SME is the only simulation of analogi-

cal comparison that has been able to capture the phenomena of alignable differences. Align-

able differences arise naturally from SME’s mapping process, which involves an initially

symmetric structural alignment between two representations (Falkenhainer et al., 1989; For-

bus et al., 2017; Wolff & Gentner, 2011). Though many other tenets of structure mapping

are widely shared among analogy researchers (Doumas, Hummel, & Sandhofer, 2008;

Gentner & Holyoak, 1997; Hummel & Holyoak, 1997; see Kokinov & French, 2006), ini-

tial symmetric alignment is a unique assumption among analogical process models.

New inferences and alignable differences follow from this initial symmetric alignment;

thus, it is possible to learn something that is not yet understood in either of the separate

items (e.g., Christie & Gentner, 2010; Kotovsky & Gentner, 1986; Kurtz, Miao, & Gent-

ner, 2001). This also means that the learner does not have to know the point of the align-

ment in advance. In contrast, many other models of analogical processing use a driver-

recipient structure in which a designated relational structure in the base is projected to

the target (e.g., Doumas et al., 2008; Hummel & Holyoak, 1997). In terms of false belief,

this means that a learner would need to be able to identify the belief structure (e.g., a

false-belief schema) in one scenario to map it onto a new scenario. SME’s alignment-first

process predicts that a learner may be able to align two scenarios even before the belief

structures of either are fully identified, and this may result in highlighting the common

relational structure. This initial schema will typically be quite concrete, but it can provide

the seed for further generalization. Thus, the structure-mapping account provides a

domain-general mechanism through which children can generate new hypotheses (Bach,

2014; Christie & Gentner, 2010; Gentner & Hoyos, 2017; Xu, 2016).

6.1. Language

Prior research and theory support the idea that acquiring language for domain relations

contributes to children’s ability to detect and process these relations (Bach, 2014; Bald-

win & Saylor, 2005; Gentner, 2003, 2010; Gentner & Christie, 2010). In particular, there
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is evidence that children’s ToM learning is supported by acquiring mental-state verbs and

sentence-complement syntax (de Villiers & Pyers, 2002; Hale & Tager-Flusberg, 2003;

Lohmann & Tomasello, 2003; Moore et al., 1990; Pyers & Senghas, 2009). Therefore, in

Experiments 2 and 3, we included an elicitation task in which we measured children’s

spontaneous production of mental-state verbs. We found that 4-year-old children who pro-

duced mental-state verbs in the elicitation task outperformed those who did not in the

Low-Alignability condition, but not in the High-Alignability condition (Experiment 2a).

This is consistent with the idea that children who entered the study with greater insight

into mental life—as evidenced by their spontaneous use of mental verbs—were able to

encode the events in terms of beliefs as well as physical events (Bach, 2014; Baldwin &

Saylor, 2005; San Juan & Astington, 2012). Thus, they could spontaneously match the

two true-belief events, even when the events lacked surface similarity. In contrast, chil-

dren with less initial knowledge required the support of high surface similarity, and there-

fore succeeded only in the High-Alignability condition. Consistent with this reasoning,

we did not see effects of mental-state language with 3½-year olds (Experiment 3), nor

when the repetition-break sequence was reversed (Experiment 2b).

6.2. Relation to other accounts of ToM development

Our approach is partly consistent with Gopnik and Wellman’s influential theory–theory
of the development of ToM (Gopnik & Wellman, 1994, 2012; Wellman, 2014). The key

assumptions of this account—that ToM understanding requires representing systems of

interconnected concepts, and that this system is acquired through experience—have

received considerable empirical support (e.g., Amsterlaw & Wellman, 2006; Clements

et al., 2000; Lecce et al., 2014; Slaughter & Gopnik, 1996). On this approach, children

fail false-belief tasks because their existing model of mental-state reasoning does not

account for how false beliefs relate to behavior. As children encounter phenomena that

cannot be explained by their current model, they develop auxiliary hypotheses, which

may become more prominent with experience.

This account is highly appealing, and roughly compatible with our own view. But it

lacks an account of how these auxiliary hypotheses are generated. As Bach (2014, p.

355) puts it “supporters of STT [the scientific theory-theory] must identify a general

learning mechanism for hypothesis discovery that can supplement the processes of proba-

bilistic causal modeling and/or auxiliary hypothesis assimilation. Without such a unified

account of domain-general learning mechanisms, defenders of STT remain vulnerable to

nativist critiques.” The structure-mapping account could intersect with this approach by

providing a mechanism through which children can generate new hypotheses (Bach,

2014; Christie & Gentner, 2010; Gentner & Hoyos, 2017; Rabkina, McFate, & Forbus,

2018; Xu, 2016), which can be evaluated against evidence, potentially leading to

improved models, or even to conceptual change.

Another difference between these two approaches is that whereas the structure-mapping

view naturally predicts incremental generalization from concrete schemas to more abstract

schemas, the theory–theory view does not appear to have any mechanism for gradual
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abstraction of hypotheses. As discussed earlier, structure mapping predicts that the initial

schema formed through comparison is often fairly concrete, especially in children’s learn-

ing. This initially concrete schema becomes more abstract if the learner aligns that schema

with further instances (e.g., Kotovsky & Gentner, 1996; Kuehne, Forbus, et al., 2000).

This process has been modeled by SAGE, which uses SME to build up generalizations

(Forbus et al., 2017; Kuehne, Forbus, et al., 2000; McLure, Friedman, & Forbus, 2015).

Evidence for initially concrete representations in ToM come from studies that have found

that seemingly superficial changes in false-belief tasks can have significant effects on per-

formance (e.g., whether the entity changing locations in an Unexpected-Location task is

an object or an animate being; Rai & Mitchell, 2004; Symons, McLaughlin, Moore, &

Morine, 1997). Consistent with this pattern, we found that children in the Low-Alignability

condition showed gains only on the near-transfer task, whereas those in the High-Align-

ment condition showed gains on both near transfer and far transfer.

The theory–theory and our analogical learning account both foreground learning of the

knowledge structures in their explanations of ToM development. Some other accounts, in

contrast, suggest that abstract knowledge about beliefs and desire is present very early and

is potentially innate (Leslie, Friedman, & German, 2004; Scott & Baillargeon, 2017).

These accounts point to recent demonstrations of success in infants and toddlers on simpli-

fied false-belief tasks (for reviews, see Barone et al., 2019; Scott & Baillargeon, 2017) and

suggest that failures on traditional false-belief measures in preschoolers are due to other

task demands (e.g., Friedman & Leslie, 2005; Kov�acs et al., 2010; Setoh et al., 2016).

Specifically, improvements in false-belief reasoning are thought to stem largely from

increased inhibitory control or processing capacity, rather than changes in the underlying

conceptual knowledge, which they suggest is continuous across development. However,

interpretations of the infant and toddler findings currently lack consensus (e.g., Heyes,

2014; Low, Apperly, Butterfill, & Rakoczy, 2016; Scott & Baillargeon, 2017). A number

of researchers have questioned the interpretation of these results (Heyes, 2014; Ruffman &

Perner, 2005), including whether these spontaneous-response infant tasks form a coherent

construct (Apperly, 2012; Poulin-Dubois & Yott, 2018; Powell, Hobbs, Bardis, Carey, &

Saxe, 2018) comparable to that found for explicit-response tasks (Peterson et al., 2012;

Wellman et al., 2001; Wellman & Liu, 2004). For instance, the “two-systems” account

(Apperly & Butterfill, 2009) suggests that infants may have a separate, limited system for

tracking beliefs and behaviors, but that a more flexible reasoning system is used by older

children and adults. The two-system account, along with theory–theory and other accounts

(e.g., Benson et al., 2013), maintains a role for conceptual knowledge changes in chil-

dren’s developing ToM, and thus are broadly compatible with our findings. However, it is

unclear how continuity accounts would explain the current findings. It seems unlikely that

analogical training would lead to a change in inhibitory control or processing capacity dur-

ing a single session. In addition, it is not clear how such an account could predict the dif-

ferences found here between HA and LA training, or between near and far transfer.

Whatever the starting point of infants, the fact remains that preschool age children

improve dramatically in their ability to reason coherently about others’ minds, and in

their ability to marshal their understanding to guide their expectations and behaviors in
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scenarios involving others. To do so, children must represent the relationships among

reality, others’ mental states, and others’ behaviors, and use these structures to interpret

and predict events in complex, realistic scenarios (Apperly, 2012). Analogical comparison

provides a natural and powerful framework for understanding how children do so.

6.3. Relation to other training studies

Of course, analogical comparison is not the only mechanism that contributes to acquir-

ing ToM. Prior training studies have demonstrated gains in children’s ToM using a vari-

ety of methods (see meta-analysis by Hofmann et al., 2016). However, we note that these

training studies have typically included multiple sessions over 2–4 weeks. In contrast, in

the present studies, children given analogical comparison experience showed significant

gains in a single session.

Explanation tasks (e.g., asking children to explain someone’s searching behavior) have

been used in some successful training studies (Amsterlaw & Wellman, 2006; Knoll &

Charman, 2000). Explanation has been widely used to support learning in adults and chil-

dren (Chi, Bassok, Lewis, Reimann, & Glaser, 1989; Legare & Lombrozo, 2014; Lom-

brozo, 2010, 2012; Siegler, 2002), and it seems likely that this process contributes to

ToM learning. Interestingly, there is evidence that explanation tasks can recruit compar-

ison (Chin-Parker & Bradner, 2017; Edwards, Williams, Gentner, & Lombrozo, 2019;

Hoyos & Gentner, 2017; Thibodeau, Crow, & Flusberg, 2016), and there is evidence that

comparison experience can give rise to explanation (Wang & Baillargeon, 2008). We

speculate that analogical comparison may be effective in combination with explanation

and other processes in promoting understanding of ToM. For example, in Slaughter and

Gopnik’s (1996) study, when children gave incorrect answers in an appearance-reality

task (e.g., “I always thought it was soap”), they received corrective feedback with con-

trastive statements such as “No you didn’t, you thought they were golf balls.” This may

have led children to compare the past and current mental states. Likewise, the instruc-

tional explanations provided to children in Appleton and Reddy (1996) and Clements

et al. (2000) often included statements that explicitly contrasted two mental states.

6.4. Limitations and future directions

One open question concerns the variable effects of gender. In Experiment 1, we found

that females demonstrated better ToM understanding than males after training, especially

in the critical Compare-Thoughts condition. However, we did not replicate either the

main effect of gender or any interactions with training conditions in Experiments 2a, 2b,

or 3. Thus, we cannot draw conclusions about gender effects from our studies. More

broadly, the evidence for gender effects in ToM development is mixed. When effects of

gender have been examined, they have generally been weak and/or elusive, especially

when compared to other potential moderators, such as age (e.g., Charman et al., 2002) or

length of training (Hofmann et al., 2016).

A possible limitation of the current findings concerns our use of thought bubbles in the

training sequence. We might ask whether children’s learning was restricted to contexts
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involving thought bubbles. This does not appear to be the case, as the pretest and posttest

tasks did not contain thought bubbles. That children showed gains on these ToM tasks

suggests that they had learned something general about mental states and their relation to

the state of the world.

A larger concern here is whether and how the comparison mechanism we have

described would occur in real life, where people’s thoughts are not clearly displayed.

Clearly, for structure mapping to serve as a viable candidate for driving ToM, it must be

the case that children can spontaneously make the kinds of comparisons described here

on their own. One possibility is that parents’ use of mental-state language can invite com-

parison across events (Baldwin & Saylor, 2005; San Juan & Astington, 2012). Develop-

mental studies have shown that common labels invite comparison (Christie & Gentner,

2010; Gentner & Namy, 1999; Namy & Gentner, 2002). It seems likely that mental-state

language could serve as an impetus for what Gentner and Medina (1998) termed “sym-

bolic juxtaposition” of mental states. Indeed, there is evidence that children whose parents

produce more mental-state language go on to show earlier acquisition of ToM (Devine &

Hughes, 2014).

There is also evidence suggesting that spontaneous comparison might support chil-

dren’s real-life ToM learning. Researchers working with corpora of children’s speech

have found that young children do sometimes produce contrastive statements in which

two mental states are directly compared (Bartsch & Wellman, 1995; Wellman & Estes,

1987). For example, Bartsch and Wellman (1995) found that children as young as two

could produce contrastive statements such as “I like it – but you don’t like it.” Shatz,

Wellman, and Silber (1983) found that 20% of the mental-state utterances produced by

the 3-year olds in their sample were in a contrastive form. Sabbagh and Callanan (1998)

found that explicit contrastive statements increased in frequency between 3 and 5 years

of age. This evidence suggests that children do engage in spontaneous mental-state com-

parisons. Based on this evidence, an intriguing question for future work is whether chil-

dren who produce more contrastive statements early in development go on to show

earlier false-belief understanding than children who do not produce these kinds of con-

trastive statements (see Silvey, Gentner, Richland, & Goldin-Meadow, 2017, for evidence

that children’s early use of specific comparisons predicts their later performance on anal-

ogy tasks).

A key open question arising from the present findings is whether children retain these

gains over time. Future research should investigate children’s retention of the insights

they derive from comparing events. Research should also explore factors that may inter-

act with analogical comparison to promote long-term retention and transfer. For example,

would the use of relational language during the training session improve retention, as has

been found in other studies of analogical learning (Gentner et al., 2011; Loewenstein &

Gentner, 2005)? Another factor that might promote long-term retention is self-explanation

(Chi et al., 1989; Legare & Lombrozo, 2014; Lombrozo, 2010, 2012; Siegler, 2002)—for

example, asking children to compare what happened in a pair of contrasting true- and

false-belief scenarios. Combining analogical comparison with explanation of the common-

alities and differences could lead to better mental-state representations, which would grant
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children greater cognitive control over their attention and behavior during ToM reasoning

(e.g., Munakata, Snyder, & Chatham, 2014). Indeed, although our emphasis here has been

on children’s understanding of false belief, the same analogical comparison processes

might support children’s understanding of diverse desires, and perhaps other insights as

well. This idea is consistent with research that emphasizes the role of structure-mapping

mechanisms in social cognitive development (Christie, 2017; Gerson, 2014).

Another approach that suggests a link between structure mapping and ToM develop-

ment comes from the comparative literature. Analogy researchers have pointed out that

humans’ capacity for relational thinking far exceeds that of non-human primates (Gent-

ner, 2010; Gentner & Christie, 2008; Penn, Holyoak, & Povinelli, 2008). In the domain

of social relations, there is evidence that humans’ social cognitive abilities far outpace

those of non-human primates (Tomasello, 2014). Tomasello suggests that one key differ-

ence is that humans—even children—readily represent and reverse collaborative roles,

whereas apes such as chimpanzees do not (Carpenter, Tomasello, & Striano, 2005).

Tomasello (2014) proposes that this capacity for relational thinking—in particular, the

ability to represent role-based concepts—arose from a need for social coordination among

humans. Thus, over phylogeny, our relational processing abilities may have developed

hand-in-hand with our social cognitive skills. If so, then it is perhaps not surprising that

structure mapping is instrumental in the acquisition of mental-state understanding. Explor-

ing how analogical comparisons contribute to a larger trajectory of social development

will be a fruitful area for future work.

7. Conclusion

Understanding how humans gain insight into mental states is of central interest in cog-

nitive science. Prior studies have shown that children’s understanding of others’ mental

states can be improved through training, but not how. Our findings provide evidence for

the role of analogical comparison as a learning process in ToM development. In our stud-

ies, structural alignment among events helped children understand the critical distinction

between true and false beliefs. We suggest that this domain-general learning mechanism

is a key process in allowing children to acquire the insights that guide mental-state rea-

soning.
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Notes

1. Such structures are often referred to as schemas; we will primarily use this more

general term.

2. Indeed, other research has shown that thought-bubble training is beneficial for help-

ing deaf children (Wellman & Peterson, 2013) and children with autism (Paynter &

Peterson, 2013; Wellman et al., 2002) better understand the nature of thoughts and

theory of mind.

3. Reported means from the ANCOVA are estimated marginal means.

4. Overall, females (M = 0.89, SE = 0.09) were more successful on the far transfer

tasks than males (M = 0.38, SE = 0.09). In addition, Bonferroni-corrected compar-

isons revealed that females showed predicted condition differences, with signifi-

cantly better performance in the Compare-Thoughts group (M = 1.19, SE = 0.16)

than Baseline (M = 0.62, SE = 0.16), p = .043, d = 1.32, though Compare-Items

(M = 0.88, SE = 0.17) did not differ significantly from Compare-Thoughts,

p = .574, d = .53. For males, there were no significant differences between Com-

pare-Thoughts (M = 0.29, SE = 0.15) and Compare-Items (M = 0.43, SE = 0.16),

p = 1.00, d = .24, or Baseline (M = 0.43, SE = 0.16), p = 1.00, d = .24.

5. Gender analyses across studies may have also been underpowered. However, the

main effect of gender in Experiment 2a was not (power = .95), and this effect was

not significant.

6. The repetition-break pattern is also used in jokes and in advertisements, as dis-

cussed by Loewenstein and Heath (2009) and Rozin et al. (2006). An example

from Mastercard’s “priceless” campaign is as follows: “18-speed bike: $1,235.

Shipping bike to Italy: $281. Map of Tuscany: 4,000 lira. Seven days without e-

mail: priceless.”

7. Reported means are estimated marginal means.

8. However, we note that in our studies, the near transfer task was also the first one

following training; future work will need to tease apart the effects of similarity and

temporal proximity to the training examples.
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