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We investigate how childhood cognitive skills affect strategic sophistica-
tion and adult outcomes, and we emphasize the importance of child-
hood theory of mind. Experimental data show that (i) theory-of-mind
ability and cognitive ability both predict level k behavior, (ii) older chil-
dren respond to information about the cognitive ability of their oppo-
nent, and (iii) theory of mind (but not cognitive ability) predicts whether
children respond to intentions. Using longitudinal data, we find that
childhood theory of mind and cognitive ability are both associated with
enhanced adult social skills, higher educational participation, better ed-
ucational attainment, and lower fertility in young adulthood. Finally, we
provide evidence that school spending improves theory of mind.
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I. Introduction
Cognitive skills varywidely across thepopulation, andability gaps openup
early in life. Thus, it is essential to understand how childhood cognitive
skills influence economic behavior and life outcomes and to learn more
about how we can improve cognitive skills in children. In this paper, we
emphasize the importance of childhood theory of mind as a cognitive
skill.
Individuals with theory of mind impute mental states (such as beliefs,

desires, intentions, and emotions) to others and use theory of mind to
help interpret others’ behavior, and in practice, psychologists measure
the theory-of-mind ability of adults and children by their ability to cor-
rectly infer or understand others’mental states (we provide a detailed de-
scription of the concept of theory of mind from the psychology literature
in sec. II.A). The standard economic framework assumes that agents have
a perfect theory of mind; these agents understand how the beliefs and
desires of others drive their behavior. In practice, understanding the
thought processes of others is difficult. Our mind-reading capabilities
are limited and heterogeneous; theory of mind is a skill that varies across
the population.
Theory of mind has attracted enormous attention from psychologists

and cognitive neuroscientists (a Google Scholar search for “theory of
mind” returns nearly half a million results). Estes and Bartsch (2017, 1)
argue that, together with language, theory of mind accounts for superior
human general intelligence, and they conclude that “our greatest accom-
plishments must rest on our basic capacity to imagine and recognize the
variations and vulnerabilities of human cognitive states.” Despite this in-
terest, we know little about how theory ofmind affects economic behavior.
Instead, psychologists have focused on the development of theory-of-
mind ability through childhood (see Stone, Baron-Cohen, and Knight
[1998] for a summary; Henry et al.’s [2013] meta-analysis compares
theory-of-mind ability in young and old adults) and the relationship be-
tween theory-of-mind deficits and psychiatric disorders such as autism
(e.g., Baron-Cohen, Leslie, and Frith 1985).
We begin by developing a detailed conceptual framework in which

childhood theory of mind and cognitive ability are skills that affect stra-
tegic sophistication, social skills in adulthood, and life outcomes such
Pastor (respectively, director and inspector at Consejería de Educación de Cantabria), and
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tionists, and nurses. Replication files are available in a zip file. This paper was edited by
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as educational attainment, fertility, and labor market behavior. In this
framework, theory of mind operates as a cognitive skill and not through
preferences: we provide evidence that theory of mind is not (or is only
very modestly) related to prosocial preferences and behaviors such as al-
truism, empathy, or reciprocity.
We then test hypotheses that flow from this conceptual framework us-

ing a rich birth-cohort study that follows thousands of participants from
childhood into young adulthood and using experimental data from
more than 700 children in a variety of incentivized strategic interactions.
We also provide evidence about the effect of primary (i.e., elementary)
school spending on theory-of-mind ability. Since theory of mind under-
goes significant development in early to middle childhood (e.g., Stone,
Baron-Cohen, and Knight 1998), primary school spending might be of
particular importance in helping children build theory-of-mind skills.
As we note above, we measure theory of mind by the ability to correctly

infer or understand the mental states of others. Cognitive ability encom-
passes fluid intelligence, which is the ability to use logical reasoning to
solvenewproblems, andcrystallized intelligence,which includes acquired
knowledge and verbal skills (e.g., Carpenter, Just, and Shell 1990).We col-
lected experimental data from five schools in Spain and measured the
theory-of-mind ability and cognitive ability of children ranging from ages 5
to 12. Our birth-cohort data come from the Avon Longitudinal Study of Par-
ents and Children (ALSPAC), which measured the theory-of-mind ability
and cognitive ability at age 8 of children from the Avon region in the south-
west of England. In both cases, we find a low correlation between the theory-
of-mind and cognitive ability test scores, which provides evidence that the
psychometric tests capture different cognitive skills.
As we explain in our conceptual framework, strategic sophistication

underpins the ability to succeed in life. Indeed, the importance of devel-
oping strategic skills has been recognized by educational programs that
emphasize strategic ability, such as Accelium, which develops thinking
abilities and life skills through strategy skills.1 Our experimental data
shed light on how childhood cognitive skills influence strategic sophisti-
cation, providing three main results.
First, we find that theory ofmind and cognitive ability both predict level

k behavior (for a survey on level k thinking, see Crawford, Costa-Gomes,
and Iriberri 2013). In a competitive gamedesigned to trigger level k think-
ing, we find that children with higher theory-of-mind ability are more
likely to exhibit level 1 behavior (which coincides with the best response
to the empirical distribution in our data set). Similarly, we find that cogni-
tive ability and age also predict level 1 behavior.
1 Accelium (previously called Mind Lab; http://www.accelium.com) is integrated into
the school curriculum; to date, over four million students from around the world have par-
ticipated in Accelium programs.

https://www.accelium.com
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Second, we find that children respond to information about the cogni-
tive ability of their opponent. In particular, older children are more likely
to exhibit level 2 behavior when they face an opponent of high cognitive
ability (rather than an opponent of low cognitive ability). This ability to
adjust behavior to the cognitive skill of the opponent provides support
for the emergence of a sophisticated strategic theory of mind in children
as young as 8–12 years old.
Third, we find that theory of mind and age strongly predict whether

children respond to intentions in a bespoke gift-exchange game, while
cognitive ability has no influence. In particular, we find that theory-of-
mind ability (but not cognitive ability) helps children to direct reciprocity
appropriately according to the intentions of the allocator. This striking
result suggests that different psychometric measures of cognitive skill cor-
respond to different cognitive processes in strategic situations that in-
volve the understanding of intentions.
Next, we turn to the ALSPAC birth-cohort study. To analyze how child-

hood cognitive skills affect adult outcomes, we regress the outcome of in-
terest on theory-of-mind ability and cognitive ability at age 8 using a rich
set of controls that includes parental and school characteristics.
As predicted by our conceptual framework, we find that theory-of-mind

ability at age 8 is associated with enhanced adult social skills, higher edu-
cational participation, better educational attainment, and lower fertility
in early adulthood. We do not find an effect of theory of mind on the
probability of being employed or on wages in participants’ early twenties;
however, we dofind evidence that workers with better theory ofmind have
a comparative advantage in larger firms.The absence of an effect of theory
of mind on the probability of employment should be seen in the context
of record employment rates in theUnited Kingdom. Regarding wages, we
conjecture that any effects of theory of mind are not yet apparent because
the wage distribution in the United Kingdom is compressed in the early
years following graduation. We find similar effects of childhood cognitive
ability on adult outcomes, with two main differences: the effects of cogni-
tive ability on education are larger in magnitude than those of theory of
mind, and cognitive ability is associated with higher wages.
Finally, weuse theALSPACdata to provideevidence that primary school

spending can improve theory-of-mind ability in childhood, with the posi-
tive effect of school spending concentrated among advantaged students
(asmeasuredby relative family income in childhood). The evidence comes
from a difference-in-differences approach that exploits different trends
over time in primary school spending across English local education au-
thorities (LEAs) in the midst of a substantial increase in government
spending on primary school education. In contrast to the positive effects
on theory of mind, we find no evidence that primary school spending im-
proves cognitive ability.
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What is fundamentally new in our paper is a conceptual and empirical
investigation of the role that childhood theory of mind plays as a cogni-
tive skill that helps to explain life outcomes and the development of stra-
tegic sophistication in children. We are not aware of existing work that
undertakes the same exercise, and our findings highlight the importance
of theory of mind as a cognitive skill that is distinct from cognitive ability.
Strategic sophistication matters because people engage in strategic in-

teractions in a wide range of real-world environments. Together, our
novel conceptual framework and experimental results provide evidence
that theory of mind plays an important role distinct from that of cognitive
ability in the development of strategic sophistication in children. This
novel evidence helps us to understand how theory of mind affects eco-
nomic behavior and provides new insights about the relationship be-
tween cognitive skills and bounded rationality.
Turning to our analysis of the birth-cohort data from ALSPAC, we are

not aware of any previous systematic study of the relationship between
childhood theory of mind and adult outcomes. To the best of our knowl-
edge, ALSPAC is the only birth-cohort study to havemeasured both theory
of mind in children and adult outcomes. Our finding that childhood the-
ory of mind predicts key adult outcomes, including educational attain-
ment and social skills, advances our understanding of the importance of
childhood cognitive skills. Furthermore, our conceptual framework to-
gether with our mediation analyses clarify the dynamic mechanisms by
which theory of mind affects outcomes. Finally, our novel finding that
school spending can improve childhood theory ofmindprovides evidence
about the returns to educational investments through the production of
an economically relevant cognitive skill, theory of mind, that economists
have for the most part neglected.
Our results complement a number of important literatures. First, we

complement existing work on childhood interventions that aim to im-
prove cognitive skills (for a summary, see Heckman and Kautz 2014):2

our conceptual framework clarifies the mechanisms by which improve-
ments in childhood cognitive skills might translate into life outcomes
and highlights the importance of theory of mind, our empirical results
help to quantify the importance of these skills, and our findings on the ef-
fects of school spending provide new evidence about how cognitive skills
can be improved.
Second, we complement recent research on bounded rationality and

nonequilibrium thinking (see the survey by Crawford, Costa-Gomes, and
Iriberri 2013). In particular, we add empirical foundations to new theoretical
2 Heckman (2006) and Heckman and Kautz (2014) survey childhood interventions that
aim to improve cognitive and noncognitive skills. As emphasized by Cunha, Heckman, and
Schennach (2010), cognitive skills are most malleable at a young age.
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work that seeks tomodel boundsondepthof reasoning (Alaoui andPenta
2016, 2022): in our conceptual framework, we link theory of mind and
cognitive ability to the reasoning processes that determine the observed
behavioral level in Alaoui and Penta’s (2016)model, and our experimental
findings quantify the importance of cognitive skills for level k behavior.
Third, our finding that primary school spending increases theory-of-

mind ability complements existing work in psychology that trains children
to improve their theory ofmind.These training interventions aredesigned
specifically to improve theory-of-mind abilitymeasured shortly after the in-
tervention. Based on ameta-analysis of nearly 50 experiments, Hofmann
et al. (2016) document that these training interventions prompt children
to think about alternative perspectives or mental states and conclude that
these interventions are generally effective at increasing theory of mind.3

Our findings also complement Lillard and Else-Quest (2006), who consider
the effect of Montessori education on childhood theory of mind.
We now turn to related literature.We are not aware of any previous work

that investigates how psychometric measures of theory of mind and cogni-
tive ability predict the strategic behavior of children in competitive games,
although a handful of papers study related questions (Steinbeis, Bern-
hardt, and Singer 2012; Sher, Koenig, and Rustichini 2014; Geng et al.
2015;Czermaket al. 2016).4By contrast, economists andpsychologistshave
begun to investigate how age influences strategic behavior in competitive
games (Perner 1979; Sher, Koenig, and Rustichini 2014; Brosig-Koch,
Heinrich, and Helbach 2015; Czermak et al. 2016; Brocas and Carrillo
2020, 2021).5

We are not aware of existing work that studies how children respond
to information about the cognitive ability (or theory of mind) of their op-
ponent in strategic environments. Our results on children complement
Gill and Prowse (2016), who find that adults respond to information
about their opponent’s cognitive ability in a repeated beauty contest with
feedback.6
3 See app. I.1 for details of such theory-of-mind interventions. Our finding that the ef-
fect of school spending on theory of mind is concentrated among advantaged students also
complements previous research that has found lower theory of mind among children of
low socioeconomic status (SES; see Charness et al. 2019 and the meta-analysis of Devine
and Hughes 2018).

4 See app. I.2 for details.
5 See sec. IV.F for a review of this literature, and see app. I.3 for a review of the literature

on how children cooperate and coordinate in strategic games.
6 See app. I.4 for a description of related work that studies how adults respond to infor-

mation about their opponent’s experience. In a sample of adults, Gill and Prowse (2016)
focus on the relationship between cognitive ability and strategic behavior in the beauty
contest (a zero-sum undercutting game). Gill and Prowse (2016) (i) did not consider the-
ory of mind or its relationship to cognitive ability (the study did not measure theory of
mind), (ii) did not explore the development of strategic sophistication in childhood (all
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Despite an extensive literature in psychology that investigates how chil-
dren’s understanding of intentions affects their moral judgments (e.g.,
Zelazo, Helwig, and Lau 1996), we are not aware of any papers that inves-
tigate how children’s theory of mind or cognitive ability predict how they
respond to intentions in strategic situations, with the exception of Pelligra
et al. (2015), who focus on autistic children.7 By contrast, economists and
psychologists have studied how the importance of intentions changes with
age (Sutter 2007; Güroĝlu, van den Bos, and Crone 2009; Güroĝlu et al.
2011; Bereby-Meyer and Fiks 2013; Gummerum and Chu 2014; Bueno-
Guerra et al. 2016; Sul et al. 2017).8

The focus of our experiment is on how observable cognitive skills in-
fluence strategic sophistication in children. Sutter, Zoller, and Glätzle-
Rützler’s (2019) review of experiments on children in economics cites a
small literature that studies rational choice in children in nonstrategic set-
tings (Harbaugh, Krause, and Berry 2001; Apesteguia et al. 2018; Barash
et al. 2019); we describe that literature in appendix I.6. Our findings com-
plement existing research on the relationship between cognition and the
behavior of adults in strategic settings (e.g., Burnham et al. 2009; Brañas-
Garza, García-Muñoz, and Hernán 2012; Georganas, Healy, and Weber
2015;Gill andProwse2016;RidingerandMcBride2017;Corgnet,Desantis,
and Porter 2018; Proto, Rustichini, and Sofianos 2019). For example, in a
repeated beauty contest game, Gill and Prowse (2016) find that cognitive
ability predicts how fast adults learn to play equilibrium, while Proto,
Rustichini, and Sofianos (2019) study cooperation.We are not aware of pa-
pers that studywhether the theory ofmindor cognitive ability of adults pre-
dicts their response to intentions in strategic situations.
The paper proceeds as follows: section II develops our conceptual

framework, section III describes the experimental design, section IV pre-
sents results from the competitive games, section V presents results from
the gift-exchange game, section VI presents results from the ALSPAC
data, and section VII concludes. The appendix includes further details.
II. Conceptual Framework

A. Introduction to the Conceptual Framework
We start by developing a conceptual framework that helps us to under-
stand how cognitive skills affect economic behavior and to place our
experimental subjects were adults), and (iii) did not study responses to intentions (the
beauty contest game does not allow players to infer the intentions of others).

7 Autistic children tend to suffer from impaired theory of mind (Baron-Cohen, Leslie,
and Frith 1985). Using a sample of autistic and nonautistic children, Pelligra et al. (2015)
find that intentions matter, except for the case of children who are autistic and fail a single-
question second-order theory-of-mind test.

8 See app. I.5 for a discussion of how to measure intentions and reciprocity.
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empirical findings in a broader context. In this conceptual framework,
childhood theory of mind and cognitive ability are skills that affect stra-
tegic sophistication, social skills in adulthood, and life outcomes such as
educational attainment, fertility, and labor market behavior. Theory of
mind hasattractedenormousattention fromdevelopmental andsocialpsy-
chologists, as well as from cognitive neuroscience; as noted by Kidd and
Castano (2013, 377), “the capacity to identify and understand others’ sub-
jective states is one of the most stunning products of human evolution.”
Despite this, theory of mind has attracted little interest from economists.
Our conceptual framework is a first step in understanding how theory of
mind affects a range of economic behaviors. Although economists have
shown interest in cognitive ability, our conceptual framework also clarifies
the different roles of theory of mind and cognitive ability in economic
environments.
Premack and Woodruff’s (1978, 515) study of chimpanzees introduced

the concept of theory of mind by positing that “an individual has a theory
ofmind if he imputesmental states to himself and others.”Using theory of
mind to impute mental states to others requires setting aside one’s own
perspective (Baron-Cohen and Wheelwright 2004). These mental states
can include others’ beliefs, desires, intentions, and emotions (Baron-
Cohen 2000; Agnew, Bhakoo, and Puri 2007), and people use theory of
mind to interpret others’behavior through theprismof beliefs about their
mental states (e.g., Robalino andRobson2012; Estes andBartsch 2017). In
practice, psychologists measure the theory-of-mind ability of adults and
children by their ability to correctly infer or understand the mental states
of others (see, e.g., the variety of tests usedbyKidd andCastano 2013), and
we follow that tradition. Agnew, Bhakoo, and Puri (2007, 288) nicely sum-
marize the meaning of theory of mind in the psychology literature as “the
knowledge that other animals have mental states which may differ from
our own; and the ability to infer what these internal states may be.”9

We classify theory of mind as a cognitive skill for two reasons. First,
psychologists measure theory-of-mind ability by the ability to perform well
on tasks that rely on cognitive processes. As we note above, these tasksmea-
sure the ability to correctly infer or understand themental states of others.
Stone, Baron-Cohen, and Knight (1998) categorize theory of mind as a
“cognitive function,”while Saxe, Carey, andKanwisher (2004) call it a “spe-
cial domain of cognition.” According to Wimmer and Perner (1983), who
developed the false-belief test of theory of mind, understanding another
9 In app. I.7, we provide further discussion of Premack andWoodruff (1978). According
to Chorman and Baron-Cohen (1992), data from the false-photograph test and the false-
drawing test show that autistic children’s failure on the false-belief test is due to a specific
theory-of-mind deficit (i.e., an inability to represent themental states of others) as opposed
to a lack of cognitive ability; we discuss this evidence in app. I.8.
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person’s false beliefs is a “novel cognitive skill.” Second, we use the term
“skill” to distinguish theory of mind from a preference: as we describe in
the final paragraph of this section, the evidence suggests that theory of
mind is not (or is only very modestly) related to prosocial behaviors and
preferences. However, we emphasize that by categorizing theory of mind
as a cognitive skill, we do not intend to take any particular stance toward
debates in the psychology and neuroscience literature about the specific
cognitive processes that underpin theory of mind (we discuss this litera-
ture in app. I.9).
Although we categorize theory of mind as a cognitive skill, theory of

mind differs from cognitive ability. As we note above, theory-of-mind tests
measure the ability to correctly infer or understand the mental states of
others; by contrast, tests of cognitive ability do not refer to the mental
states of others but instead measure fluid intelligence (logical reasoning
and problem-solving ability) or crystallized intelligence (acquired knowl-
edge and verbal skills; see in particular Gray and Thompson 2004, box 1).
Evidence from psychology and neuroscience supports this distinction be-
tween theory of mind and cognitive ability. Camerer, Loewenstein, and
Prelec (2005) andMahy,Moses, and Pfeifer (2014) review the neuroscien-
tific evidence for a specialized theory-of-mindmodule in thebrain. Froma
behavioral perspective, Stone, Baron-Cohen, and Knight (1998) empha-
size (i) the particular developmental sequence of theory of mind in child-
hood and (ii) evidence that various developmental disorders affect theory
ofmind and cognitive ability differently (as we discuss in app. I.8, one part
of this evidence comes from the false-photograph test, which suggests that
autistic children suffer from a specific theory-of-mind deficit as opposed
to a lack of cognitive ability). Henry et al.’s (2013) meta-analysis finds that
theory-of-mind ability deteriorates more rapidly in old age than perfor-
mance on matched control tasks that measure cognitive ability. Finally,
our own data (and data from the literature) show a low correlation be-
tween theory-of-mind ability and cognitive ability (see secs. III.B.3, VI.B.3;
n. 26).
An important function of theory of mind is to help predict the behav-

ior of others (Premack and Woodruff 1978). However, we emphasize that
people who have theory of mind can differ in predictive ability and in the
ability to best respond to the predicted behavior of others. Prediction
requires cognitive ability alongside theory of mind, because prediction
relies on an understanding of the incentives that others face and the abil-
ity to link incentives and mental attitudes to forecast behavior. Focusing
on strategic interactions, in section II.B we note that (i) cognitive ability
allows people to understand the strategic context in which they and
others are choosing, (ii) such understanding helps to predict how others
will choose, and (iii) cognitive ability also helps people to calculate best
responses to their predictions.
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Before linking theory ofmind and cognitive ability to specific behaviors
and outcomes, we emphasize that in our conceptual framework theory
ofmind operates as a skill and not through preferences. Data from the ex-
isting literature and data from our gift-exchange game show that theory
of mind is not (or is only very modestly) related to prosocial preferences
and behaviors such as altruism, empathy, or reciprocity; we review this
evidence in appendix II. By contrast, depending on the environment,
theory-of-mind skill can be used to deceive,manipulate, or take advantage
of others (e.g., Talwar and Lee 2008; DeAngelo and McCannon 2017;
Doenyas 2017).10 Finally, we note that the existing literature finds that the-
ory of mind and cognitive ability show a substantial degree of persistence;
we review this evidence in appendix III.
B. Strategic Sophistication
Strategic sophistication matters because people constantly engage in stra-
tegic interactions with others inside and outside the workplace.11 Strategic
skills can be used to cooperate successfully with others—for example, by
sustaining long-term relationships and reputation built on trust or by help-
ing people toworkwell together in teams. Strategic skills alsohave a darker
side—for example, when they allow the more strategically able to control
negotiations or dominate competitions for jobs or other resources. In our
experiment, wemeasure strategic ability in children up to age 12; existing
literature together with some of our results suggest that strategic sophisti-
cation emerges by age 12 (see sec. IV.F), and so the strategic skills that we
measure are relevant to behavior over the life course.
Strategic interactions are those in which each agent’s payoff depends

on her own choice together with that of others with whom she interacts.
Following Costa-Gomes, Crawford, and Broseta (2001), we define strate-
gic sophistication as the extent to which players in a strategic interaction
analyze their environment as a game by taking the game structure and
other players’ incentives into account when deciding how to behave.12

The cognitive reasoning that underpins strategic sophistication involves
understanding the payoff structure of the interaction, forming beliefs
10 Talwar and Lee (2008) find that 3–8-year-olds with better theory of mind lie more. Sur-
veying the literature, Doenyas (2017) concludes that children with better theory ofmind use
this ability to either manipulate others or act pro-socially, depending on their underlying
social preferences, leading to “nice ToM behaviors” or “nasty ToM behaviors.” DeAngelo
and McCannon (2017) find that adults with better theory of mind cooperate less and earn
more in the prisoner’s dilemma game.

11 Goleman (1995, 1998) stresses the importance of emotional intelligence for success in-
side and outside the workplace. In app. I.10, we discuss the relationship between Goleman’s
(1995) concept of emotional intelligence and strategic sophistication.

12 Appendix I.11 provides the supporting quote from Costa-Gomes, Crawford, and
Broseta (2001).
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about howothers choose based on the incentives that they face, and choos-
ing well given those beliefs. Costa-Gomes, Crawford, and Broseta (2001)
note that traditional game theory takes strategic sophistication to be un-
limited, while evolutionary game theory and adaptive learning models
take strategic sophistication to be severely limited. Our approach follows
recent work in behavioral economics that studies people who attempt to
think strategically without reaching the unlimited strategic sophistication
of traditional game theory (for a survey, see Crawford, Costa-Gomes, and
Iriberri 2013).13

We study strategic sophistication in three ways. First, we study strategic
sophistication in a competitive strategic interaction designed to trigger
level k thinking. According to the level k model, in this setting strategi-
cally unsophisticated or “naive” (level 0) agents choose a salient and in-
stinctive action that does not require strategic thinking, whilemore sophis-
ticated agents form beliefs about the behavioral type of others (level 1
agents best respond to others being the level 0 type, level 2 agents best re-
spond to others being the level 1 type, etc.).14 Second, in the same setting,
we study whether subjects exhibit strategic sophistication by using in-
formation about their opponent (namely, about their opponent’s cogni-
tive ability) that can help to predict their opponent’s behavior. Third, in
a gift-exchange game we study whether subjects show strategic sophistica-
tion by taking into account the intentions of the subject who they are
matched with, which requires subjects to understand how the other sub-
ject thinks about the game. In the remainder of this section, we discuss
how theory of mind and cognitive ability affect strategic sophistication.
Theory of mind helps to understand how others are thinking. In stra-

tegic interactions, theory of mind helps to understand how others per-
ceive the strategic environment, how others think about how you might
behave, how others think about what you think about how they will be-
have, and so on. This type of iterative thinking plays a crucial role inmany
game-theoretic models because it underpins belief formation and facili-
tates successful behavior in strategic interactions (e.g., see Robalino and
Robson 2012).
Cognitive ability helps to reason logically and systemize new informa-

tion. In strategic situations, cognitive ability helps to understand the struc-
ture of the game, such as the rules and the payoff consequences of actions.
13 In game theory, a “rational” agent is one who best responds to her beliefs (which, how-
ever, need not be correct; e.g., Bernheim 1984). Thus, a rational agent can be viewed as an
expert in one particular aspect of strategic sophistication. However, strategically sophisti-
cated agents do not have to believe that others are rational, and so there is no clear con-
nection between strategic sophistication and common knowledge of rationality (Bernheim
1984) or strong belief in rationality (Battigalli and Siniscalchi 2002).

14 Other papers that also use the level k or cognitive hierarchy model to study strategic
sophistication include, e.g., Danz, Fehr, and Kübler (2012), Lindner (2014), Georganas,
Healy, and Weber (2015), and Hortaçsu et al. (2019).
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Thus, cognitive ability allows people to understand the strategic context in
which they and others are choosing, which in turns helps people to form
beliefs about what others will do and to choose well given those beliefs.
Just like iterative thinking, the ability to understand the structure of the
game and to best respond to beliefs plays an important role in game the-
ory because success in strategic interactions depends on this ability.
We expect that theory of mind and cognitive ability both help to ex-

plain behavior in the competitive games that we study. As we explain in
section IV.A, the game structure is designed to trigger level k nonequilib-
rium thinking. Alaoui and Penta (2016) develop a theoretical model to
study behavior in this type of game, in which each step of reasoning in-
curs a cognitive cost, and each player has a “cognitive bound” given by
the number of steps of reasoning that she is able to perform. Each step
of reasoning requires both an understanding of the structure of the game
and an awareness that the opponent could have engaged in one fewer
step, and so we conjecture that the cost function depends on both cogni-
tive ability and theory of mind. In Alaoui and Penta’s (2016) model, the
observed behavioral level also depends on beliefs about the opponent’s
cognitive bound, and we conjecture that theory of mind helps to form
these beliefs.15 In section IV.A, we build on this logic to outline how theory-
of-mind ability and cognitive ability link to a sequence of steps of reasoning
that helps to underpin level k thinking in the competitive games.
By contrast, we expect that theory of mind plays a relatively more im-

portant role in the gift-exchange game, which is designed to understand
how children respond to intentions. In that setting, the structure of the
game is rather simple, limiting the role of cognitive ability. By contrast, we
expect theory of mind to help receivers understand the subtle role of the
forgone alternative in determining the intentions of the allocator. In par-
ticular, second-order beliefs matter: to understand the allocator’s inten-
tions, the receiver has to understand how the allocator thinks about the
game and her option set. In sum, we predict that theory of mind helps
children in our gift-exchange game to direct reciprocity appropriately
according to the intentions of the allocator. In section V, we build on this
logic to outline how theory-of-mind ability and cognitive ability link to the
steps of reasoning that underpin the receiver’s understanding of the al-
locator’s intentions.
C. Social Skills
Social skillsmatter because interpersonal relationships are crucial to labor
market success (e.g., Conti et al. 2013) and to well-being outside of the
15 Formally, behavior is determined by a player’s own cognitive bound, together with her
first- and higher-order beliefs about the cost functions (e.g., her belief about the opponent’s
cost function and her belief about the opponent’s belief about her own cost function).
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workplace (e.g., Segrin and Taylor 2007). Deming (2017a) argues that the
labor market increasingly rewards social skills because high-paying jobs
have become more likely to require interpersonal skills alongside an-
alytical skills. We define social skills as the ability to build and maintain
positive interpersonal relationships, which in turn helps people to func-
tion effectively in social networks and teams. People with good social skills
build and maintain good interpersonal relationships by, for example,
(i) communicating effectively in social interactions, (ii) taking into account
the viewpoint of others, (iii) resolving conflict, and (iv) understanding and
abiding by conventional rules of social behavior.16

We expect that childhood theory-of-mind ability helps children to de-
velop social skills that persist into adulthood. Children who better under-
stand the mental states of others can build more durable social relation-
ships by responding appropriately to the emotions and beliefs of others.
For example, theory of mind can help children to avoid and resolve inter-
personal conflict (e.g., Olson et al. [2011] find less peer aggression in
young children with high theory of mind). Furthermore, theory of mind
can allow children to please others by meeting their wants and expecta-
tions, and as noted in section II.B, children with better theory of mind
can direct behaviors such as reciprocity according to others’ intentions
or other appropriate social cues. As Stone, Baron-Cohen, and Knight
(1998, 640) put it, theory of mind seems to be a “modular cognitive ca-
pacity that underlies humans’ ability to engage in complex social interac-
tion.” Indeed, there is already evidence from cross-sectional studies that
theory of mind correlates with friendship group size or peer popularity in
childhood (e.g., Nowicki and Duke 1994; Bosacki and Astington 1999).17

The theoretical link between cognitive ability and social skills is less ob-
vious, but we expect any effect to be positive. People with lower reasoning
ability might struggle to understand the subtle rules and norms that un-
derpin social interactions, limiting their ability to acquire social skills. In-
deed, Bellanti and Bierman (2000) argue that children with delays in cog-
nitive development have difficulty understanding the rules of group play.
Furthermore, people who struggle to acquire knowledge or verbal skills
might be less interesting or useful to others, again limiting opportunities
to develop social skills.
16 Our definition of social skills is closely related to Borghans, ter Weel, and Weinberg
(2014, 289), who “conceptualize people skills as the ability to effectively interact with or
handle interactions with people.” In the context of the labor market, Deming (2017a) con-
ceptualizes social skills as the “ability to work with others” by trading tasks.

17 The psychology literature suggests that theory of mind is not simply a proxy for social
skills because theory of mind plays a fundamental role in developing and underpinning
social skills; see app. I.12.
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D. Education
We expect that theory of mind promotes learning and educational at-
tainment. In particular, we conjecture that theory of mind operates
through one direct and two indirect channels.
First, theory of mind might affect learning directly. Estes and Bartsch

(2017) argue that readiness to learn hinges on a recognition of the inter-
nal content of teachers’minds and that theory of mind helps children to
learn by allowing them to recognize the pedagogical motives of teachers.
Ziv, Solomon, and Frye (2008) find that 5-year-olds begin to understand
that teaching is intentional and argue that this understanding helps
learning. Meltzoff et al. (2009) report that when learning, young chil-
dren do not slavishly duplicate adult behavior but instead infer the goals
and intentions of the adult.
Second, theory of mind might affect learning indirectly via its effect

on social skills (see sec. II.C). Children who get on well with their
teachers might be rewarded with more individual attention, and chil-
dren who get on well with other children might learn more from their
peers. Davis (2001) argues that education is fundamentally interper-
sonal in nature and that a good student-teacher relationship motivates
learning.
Third, theory of mind might affect learning indirectly via children’s

level of attention in the classroom. Goodfellow and Nowicki (2009) and
von Salisch, Denham, and Koch (2017) find that children with worse
theory of mind are rated as less attentive by teachers. Linking to the first
channel above, theory-of-mind deficits could lower attention by inducing
boredom if the child struggles to understand the teacher’s motives and in-
tentions. Linking to the second channel, lower theory of mind could lead
to children switching off in class if they do not get along well with their
teacher.
The link between cognitive ability and educational attainment is

clear, and so we are brief here. Children with higher fluid intelligence
are better able to learn by reasoning logically, grasping abstract con-
cepts, and systemizing new information. Children with higher crystallized
intelligence have been able to acquire more useful knowledge and bet-
ter verbal skills. All of these abilities link directly to higher educational
attainment.
E. Fertility
We expect that theory of mind and cognitive ability reduce fertility via
education. However, other effects are ambiguous, and so we have no
strong prior about the total effect of theory of mind or cognitive ability
on fertility.
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First, we expect that theory of mind and cognitive ability reduce fertil-
ity in early adulthood via their effects on educational attainment (see
sec. II.D). A number of studies find causal evidence that education de-
lays motherhood, although the effect on fertility over the life cycle is in-
conclusive (for a review of the literature and for evidence from the United
Kingdom that education reduces total fertility, see Fort, Schneeweis, and
Winter-Ebmer 2016). Effects of education on fertility are likely to operate
through a number of channels, such as access to contraception, marriage
rates, and income and substitution effects.
The direct effect of theory of mind on fertility is ambiguous. People

with better theory of mind might have greater insight into the minds
of children. This better understanding of children could lead to a more
accurate appreciation of the demands of parenthood, thus reducing fer-
tility. Alternatively, understanding children better might increase the de-
sire to raise and nurture offspring. Similarly, there is no clear direct ef-
fect of cognitive ability on fertility.
Finally, the indirect effects of theory of mind and cognitive ability on

fertility via their effects on social skills (see sec. II.C) are also ambiguous.
Better social skills might increase the probability of finding a high-quality
partner. Alternatively, better social skills might increase the value of lei-
sure activities not related to child-rearing.
F. Labor Market Behavior
We expect that theory of mind and cognitive ability affect labor market
behavior via their effects on strategic sophistication, social skills, educa-
tional attainment, and fertility, which we discussed in sections II.B–II.E.
The labor market advantages of education and disadvantages of child-
bearing are clear and so do not merit further discussion.
We noted above that strategic and social skills matter for workplace

success. Deming (2017a) finds evidence that the labor market increas-
ingly rewards teamwork. In particular, Deming (2017a) shows that labor
market success increasingly requires the ability to negotiate complex
and repeated interactions within teams, where workers trade specialized
tasks among themselves. Success in this environment depends on strate-
gic and social skills that are underpinned by theory-of-mind ability and
cognitive ability. Interestingly, one implication is that workers with high
theory of mind have a comparative advantage in bigger firms, where
teams are larger and more complex.
Strategic sophistication further helps in the workplace by improving

bargaining skills and bolstering the ability to succeed in repeated com-
petitions (e.g., for promotions or bonuses). Social skills also improve
workplace success by creating better relationships with line managers,
subordinates, and customers, alongside the effects on teamwork.
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III. Experimental Design

A. Overview of the Experimental Design
The experiment was conducted during the first half of 2016 at five schools
in Santander (Spain). Appendix IV provides the experimental instruc-
tions. The subjects were children between the ages of 5 and 12 inclusive
whose parents provided written consent. Primary institutional review
board (IRB) approval was obtained from the University of Strathclyde.
In total, our sample consists of 730 subjects (377 boys and 352 girls);18 ta-
ble 1 describes the distribution of subjects by school and age.
The experiment was divided into three phases. In phase 1, subjects com-

pleted psychometric tests tomeasure theory of mind and cognitive ability.
In phase 2, subjects repeatedly played an incentivized competitive game
without feedback and with variation in the type of opponent. In phase 3,
subjects played an incentivized gift-exchange game designed to measure
how subjects respond to intentions. All subject interactions were anony-
mous. Phases 1 and 2 were separated by about 8 weeks, while phase 3 im-
mediately followed phase 2.19

At the beginning of phase 2, subjects were told how the games would be
incentivized. Subjects accumulated tokens. Younger children exchanged
tokens for stationery and educational supplies. Older children exchanged
tokens for a voucher from either a local bookshop or an online retailer;
each token was worth €0.1. There was no show-up fee. Subjects earned
an average of 55 tokens. Appendix V.1 provides further details about
the payment protocols.
Subjects were given 7-inch electronic tablets to complete all the tasks.

The experimental instructions were read aloud, with explanations sup-
ported by projections of decision screens. We collected data from the ex-
perimental games in sessions with an average size of 10 children. We ran-
domly allocated children to a session that included only children from the
same school and academic year (but not necessarily from the same class).
The sessions were run one by one in a room familiar to the children, with
only children from that session present in the room. All sessions were con-
ducted by the alphabetically first author and supervised by a member of
staff who was familiar to the children. Since the experimental data were
collected from sessions, in all of our analysis we cluster standard errors
at the session level. Thematching procedures for each gamearedescribed
in detail in sections III.C.2 and III.D.20
18 One subject did not report their gender.
19 Our sample of 730 subjects excludes children who failed to complete the tests in

phase 1 or the games in phases 2 and 3. Sixteen subjects in our sample completed phase 1
after phases 2 and 3 because they were on a school trip on the day of phase 1.

20 Appendix V.2 describes the experimental software and configuration of the portable
lab. Appendix V.3 describes three small preintervention pilots. We also collected information
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B. Phase 1: Psychometric Tests
In phase 1, subjects completed a theory-of-mind test followed by a cogni-
tive ability test. Following the convention in the psychometric literature,
these tests were not incentivized.
1. Theory-of-Mind Test: Imposing Memory Task
We describe the concept of theory of mind in section II.A; as we explain
there, we measure the theory-of-mind ability of our subjects by their abil-
ity to correctly infer or understand the mental states of others. The psy-
chology literature (e.g., Liddle and Nettle 2006; Warrier and Baron-Cohen
2018) distinguishes first-order from higher-order theory of mind: first-order
theory of mind refers to “the ability to understand another person’s mental
state” (Warrier and Baron-Cohen 2018), while higher-order theory of mind
refers to the ability to reason recursively about the content of the mental
states of others (e.g., understanding what Alice thinks about Bob’s mental
state).
Developed by Kinderman, Dunbar, and Bentall (1998), the Imposing

Memory Task (IMT) measures first- and higher-order theory-of-mind
ability. In a typical IMT, the experimenter reads a series of stories. At
the end of each story, subjects are asked binary-choice questions about
the mental states of the characters in the stories. Questions that measure
first-order theory ofmind ask about a character’smental state (e.g., about
what that character believes about an event or the location of an object or
TABLE 1
Distribution of Subjects by School and Age

School

Age

Total5 6 7 8 9 10 11 12

1 26 36 50 27 31 45 33 5 253
2 4 9 13 20 11 20 16 3 96
3 34 37 28 41 30 30 7 2 209
4 7 7 8 2 7 11 9 0 51
5 13 14 11 21 21 19 19 3 121

Total 84 103 110 111 100 125 84 13 730
from the child
competence (
we have not ye
completion ra
ren about their social network and from teachers about the children’
using the social competence questionnaire fromNettle and Liddle 2008)
t analyzed. Finally, we attempted to collect a questionnaire from parents,
te was low.
Note.—We define a subject’s age to be her age in years on the date that the subject com-
pleted the cognitive ability and theory-of-mind tests. We selected subjects by academic year,
not age, and so the sample includes some 12-year-olds who were the older segment of the
oldest academic year cohort.
s social
, which
but the
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what the character wants); questions that measure second-order theory
of mind ask what a character believes about another character’s mental
state; and so on.21

Subjects in our experiment completed an IMTdesigned specifically for
children (Liddle andNettle 2006). Each story includes two questions that
measure theory ofmind. For children under the age of 9, we used the first
and fourth stories from Liddle and Nettle (2006), which measure up to
third-order theory of mind. For children aged 9 years and older, we also
used the second story, which measures up to fourth-order theory of
mind.22 Table A.24 provides the distribution of IMT scores by age.
2. Cognitive Ability Test:
Raven’s Progressive Matrices
In the experiment, we measured cognitive ability using a test of analytic
or fluid intelligence, which is “the ability to reason and solve problems in-
volving new information, without relying extensively on an explicit base
of declarative knowledge” (Carpenter, Just, and Shell 1990, 404). After
the theory-of-mind test, subjects completed a Raven’s ProgressiveMatrices
test of cognitive ability (Raven, Raven, and Court 2000). The Raven test
consists of nonverbal multiple-choice questions and is recognized as a
leadingmeasure of analytic or fluid intelligence (Carpenter, Just, and Shell
1990; Gray and Thompson 2004).23 The Raven test correlates strongly with
general cognitive ability g.24 Specifically, the Raven test consists of a series
of visual patternswith amissing element. In each case, subjects have to iden-
tify (among six or eight choices) the missing element that completes
the pattern.
Subjects in our experiment completed Raven tests appropriate for

their age. For children under the age of 8, we used the Coloured Progressive
21 Scores in the IMT for adults have been shown to correlate with the personality trait
agreeableness, as well as with scores on the Internal, Personal and Situational Attributions
Questionnaire that measures the ability to separate agency from external causes (Kinder-
man, Dunbar, and Bentall 1998; Nettle and Liddle 2008).

22 Perner and Wimmer (1985) and Wellman, Cross, and Watson (2001) study the devel-
opment of theory of mind in children.

23 According to Carpenter, Just, and Shell (1990), Raven test scores capture the ability to
use abstract reasoning and correlate highly with scores on other complex cognitive tasks.
In economics, the Raven test has enjoyed recent popularity; e.g., Raven test scores have
been found to correlate positively with fewer Bayesian updating errors (Charness, Rustichini,
and Van de Ven 2018), more accurate beliefs (Burks et al. 2009), and success in the p-beauty
contest for adult populations (Gill and Prowse 2016).

24 Gray and Thompson (2004, 472, box 1) explain that scores on various tests of cogni-
tive ability “can be factor-analysed to give g, a single summary measure of cognitive ability.”
The circle diagram in Gray and Thompson (2004, 472, box 1) illustrates “how specific tasks
correlate with g—strongly in the centre, weakly at the periphery,” with the Raven test sitting
right at the center of this circle.
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Matrices test, which consists of 36 questions split across three sets of in-
creasing difficulty. For children aged 8 years and older, we used the Stan-
dard Progressive Matrices test, which consists of 60 questions split into
five sets of increasing difficulty. Following convention (Raven, Raven, and
Court 2000), no time limit was imposed.25 Table A.25 provides the distri-
bution of Raven test scores by age.
3. Age Standardization and Correlation
of Test Scores
We standardize psychometric test scores within age group to cleanly sep-
arate the effect of age from the effect of within-cohort variation in cogni-
tive skills. As described in table 1’s note, we define a subject’s age to be her
age in years on the date that the subject completed the tests. For each age
group (5–12), we standardize both the theory-of-mind test scores and the
cognitive ability test scores. Thus, the influence of psychometric test
scores on behavior captures the effect of test scores within age group.
The Pearson correlation coefficient between the age-standardized

theory-of-mind test score and the age-standardized cognitive ability test
score is 0.28, which provides evidence that our two tests capture different
skills. The low correlation is consistent with existing evidence from the
literature on children and adults.26
C. Phase 2: Competitive Games
In phase 2, subjects repeatedly played an incentivized competitive game
that we call the “1–6 Token Request” game. This game is a simplified var-
iant of Arad and Rubinstein’s (2012) “11–20 Money Request” game. As
described in section IV.A, the game structure was designed by Arad and
Rubinstein (2012) to trigger level k thinking. To study the subjects’ initial
behavior in the game without any repeated game effects or learning from
experience, we randomly rematched subjects and gave subjects no feed-
back about their performance during the course of the experiment.
25 Phase 1 never lasted more than 55 minutes.
26 Summarizing this literature, Warrier and Baron-Cohen (2018, 4) state that “previous

studies have identified a modest, positive correlation between different measures of theory
of mind and cognition.” A recent example is Coyle et al. (2018), who find correlations in
the range of 0.20–0.25 between college entrance math scores and different types of theory-
of-mind tests. The metastudy by Baker et al. (2014) of 77 effect sizes finds a correlation of
0.24 between theory of mind and intelligence; when restricting attention to child samples,
the correlation is 0.22. Similarly, the metastudy by Murphy and Hall (2011) finds a corre-
lation of 0.22 between performance in emotion-recognition tasks and intelligence. Consis-
tent with these findings, Clemmensen et al.’s (2016) recent study of 1,600 Danish 11- and
12-year-olds found a modest but statistically significant correlation between a measure of
theory of mind and cognitive ability.
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At the beginning of phase 2, subjects were told how the games would
be incentivized using tokens (for details, see the third paragraph of
sec. III.A and app. V.1). The experimenter further explained that (i)
choices and partners would be anonymous, (ii) partners would change
from game to game, and (iii) subjects would be told the total number of
tokens that they accumulated at the end of the experiment (and so
would receive no feedback about individual games). Next, the experi-
menter explained how subjects could make decisions using the com-
puter interface. Finally, subjects repeatedly played the 1–6 Token Request
game.
1. Rules of the 1–6 Token Request Game
The rules of the game were read to the children as follows and were re-
peated multiple times throughout the experiment:27 “Your partner and
you are going to ask for an amount of tokens. The amount must be be-
tween 1 and 6. I will give you the amount of tokens you ask for. However,
I will give you 10 more tokens if you ask for exactly one token less than
your partner. How many tokens are you going to ask for?” We restricted
the strategy set comparedwithArad andRubinstein’s (2012) 11–20Money
Request game to aid the understanding of the game by our younger
subjects.28

Just as in Arad and Rubinstein’s (2012) 11–20 Money Request game,
the 1–6 Token Request game has no pure-strategy Nash equilibrium. Ap-
pendix VI describes the unique symmetric mixed-strategy Nash equilib-
rium for risk-neutral players (table A.2) and provides proofs.
2. Variation in Opponents in the
1–6 Token Request Game
Baseline game.—Subjects played the baseline game five times. In each of
the five repetitions of the baseline game, subjects played the 1–6 Token
27 The original wording in Arad and Rubinstein (2012) states that a player will receive a
number of additional experimental units if she asks for exactly one unit less than the other
player. In one of the preintervention pilots (app. V.3), it became apparent that the youn-
gest children did not understand the meaning of the word “additional.” Thus, we modified
the wording of the game for the sake of clarity.

28 There is evidence that children develop a basic understanding of counting before the
age of 4 and a basic understanding of addition and subtraction before the age of 5 (Wynn
1990; Bryant, Christie, and Rendu 1999; Canobi, Reeve, and Pattison 2002). To clarify the
rules of the game, subjects were presented with hypothetical scenarios. In each scenario,
the children were asked how many tokens each player would receive and which player, if
any, received the 10 additional tokens. After hearing their responses, the experimenter fur-
ther explained in detail the allocation of tokens in each scenario. See the experimental
instructions in app. IV for further details.
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Request game against a randomly selected anonymous opponent from
the same school, who could be of any age between 5 and 12 (random
rematching). This was explained to the subjects, and thus all subjects
shared the same information about the strategic sophistication of their
opponent.29

Raven game.—Subjects played the Raven game a single time. In the Ra-
ven game, subjects played the 1–6 Token Request game against a ran-
domly selected anonymous opponent from the same academic year,
and this was explained to the subjects.30 Furthermore, each subject was
told whether her opponent’s Raven test score was above or below average
for children of her age (subjects were never given information about their
own performance in the Raven test).31 For the purposes of presenting
our experimental results, we describe above-average opponents as of
“high cognitive ability” and below-average opponents as of “low cognitive
ability.” By providing age-specific information about the cognitive ability
of opponents, we aimed to create exogenous variation in beliefs about
the strategic sophistication of opponents (in a repeated beauty contest
game with feedback, Gill and Prowse [2016] find that Raven test scores
predict how fast adults learn to play equilibrium and that adults respond
to information about their opponent’s cognitive ability during the learn-
ing process).
Order of play.—Table A.26 describes the order of play in phase 2. As

noted there, subjects also played the 1–6 Token Request game a single
time against the computer, which chose numbers uniformly randomly;
29 Therefore, subjects were matched within school and not within session, and we ex-
plained to the subjects that often their opponent was not in the same room.

30 Subjects were matched within session, and we explained to the subjects that their op-
ponent was in the same room. On average, sessions included 10 children. When there was
an odd number of children in a session, one child was randomly matched with two others
(the primary and secondary opponents). The action of the first child was used to compute
the payoffs of the primary and secondary opponents, but only the action of the primary
opponent was used to compute the payoff of the first child.

31 The wording used to describe the opponent’s cognitive ability was as follows: “This time
I’m going to give you a piece of information about your partner. How many of you remem-
ber this figure [point at the projection of the first Raven’s Progressive Matrix (A1)]? We completed
this exercise the last time I was here. The computer has calculated the total number of right
answers that you and the students of your age got in this test. The computer has sorted the
scores from lowest to highest and then the computer has separated the students into two
groups of roughly the same size: the half of the students with the highest scores are in
the ‘high score’ group and the half of the students with the lowest scores are in the ‘low
score’ group. For example, if the scores of students your age were these [point at a projection
showing the numbers 11, 12, 15, and 16], then the students with scores 15 and 16 would be in
the ‘high score’ group, and the students with scores 11 and 12 would be in the ‘low score’
group. In your tablet, you can see here [point at the projection of figure A.3] whether your part-
ner is in the high- or low-score group [show in each player’s tablet].” Children were categorized
according to whether their Raven test score was above or below themean for children of the
same age in the same school. The small number of children exactly at themean were placed
in the below-mean category.
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this computer game is described in appendix V.4, with results reported
in appendix XIII (tables A.30–A.35). Subjects played the games in one
of two orders, X and Y. Half of the sessions from each school–academic
year pair were randomly allocated to each order, and the allocation to
order was balanced in terms of characteristics.32
D. Phase 3: Gift-Exchange Game
In phase 3, subjects played the gift-exchange game a single time. Sub-
jects were matched with a randomly selected anonymous partner from
the same academic year, and this was explained to the subjects.33 The
currency in this game was “supertokens” worth four normal tokens.34

In each pair, one child took the role of the allocator, while the other took
the role of the receiver. The allocator chose between two ways of split-
ting a pie of 10 supertokens. After finding out the split chosen by the
allocator, the receiver chose whether to give one supertoken back to the
allocator.35

Figure 1 shows the game tree. In treatment A, the allocator chose be-
tween taking eight supertokens (and thus giving two to the receiver) or
taking five supertokens (and giving five to the receiver). In treatment B,
the allocator chose between taking two supertokens (and thus giving
eight to the receiver) or taking five supertokens (and giving five to the re-
ceiver). In total, we have 390 subjects in treatment A and 340 subjects
in treatment B.36 Of the 730 subjects, 345 were allocators, while 385 were
receivers.37
32 The smallest school provided only enough children for one session per academic year;
we allocated all these sessions to the same randomly chosen order (X). The allocation to or-
der was balanced in terms of age, age-standardized theory-of-mind ability, age-standardized
cognitive ability, gender, and school. A x2 test of the joint null that the differences in the
means of the characteristics between order X and order Y all equal zero gives p 5 :365.
The x2 test is based on the results of a probit regression of an indicator for order X on
an intercept and the five characteristics.

33 Just as for the Raven game in phase 2, subjects were matched within session, and we
explained to the subjects that their opponent was in the same room.

34 Supertokens were given a different color to distinguish them from normal tokens.
35 Subjects were told only the total number of tokens that they accumulated in the ex-

periment. Thus, allocators were not told whether their matched receiver gave them a
supertoken.

36 The allocation to treatment A or B in the gift-exchange game and to order X or Y in
phase 2 was the same, and thus the balance test with respect to the allocation to order re-
ported in n. 32 also applies to the allocation to treatment. As noted in n. 32, all of the chil-
dren in the smallest school were allocated to the same randomly chosen order (X)/treat-
ment (A), which explains why we have more subjects in treatment A.

37 On average, sessions included 10 children. When there was an odd number of chil-
dren in a session, the choice of one randomly selected allocator affected the payoffs of
two receivers, but only the choice of the first of these receivers affected the payoff of this
allocator, which explains why more subjects were receivers than allocators.
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The game is designed to measure how subjects respond to intentions.
The theory that underlies intentions-based reciprocity in strategic games
(Dufwenberg and Kirchsteiger 2004; Falk and Fischbacher 2006) models
reciprocal behavior as depending on beliefs about intentions, and the
game structure is inspired by Falk and Fischbacher’s (2006) survey evi-
dence that the perceived intentions of an allocator depend on the set
FIG. 1.—Gift-exchange game.
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of unchosen or foregone alternatives.38 In particular, across treatments
we will compare the decision of receivers after receiving five supertokens
(right-hand-side decision node in fig. 1). At that node, in the two treat-
ments the receiver has been given the same number of supertokens and
her choice has the same distributional consequences. However, receivers
who like to reciprocate and who take into account the intentions of the
allocator are more likely to give back a supertoken in treatment A, since
the allocator in that treatment sacrificed the option of taking eight
supertokens to select the even split, while in treatment B the even split
is more advantageous to the allocator than her alternative option of tak-
ing two supertokens. Importantly, a selfish allocator has a strictly domi-
nant strategy (in treatment A taking eight supertokens and in treatment B
taking five supertokens), and so choosing the even split in treatment A is
unambiguously generous (in the sense that the allocator is definitely giving
up money).39
IV. Results from the Competitive Games

A. Using the Level kModel to Analyze Behavior
in the Competitive Games
We use the level kmodel of nonequilibrium thinking (Nagel 1995; Stahl
andWilson 1995) to analyze strategic behavior in the 1–6 Token Request
game.40 The level kmodel is based on cognitively simple iterated reason-
ing: in the level k hierarchy of types, the level 0 type is strategically unso-
phisticated, the level 1 type best responds to others being the unsophis-
ticated level 0 type, the level 2 type best responds to others being the
level 1 type, and so on. We now describe why the level k model of non-
equilibrium thinking is well suited to analyzing strategic behavior in
our setting.
First, we study the subjects’ initial behavior in the game without any re-

peated game effects or learning from experience (as explained in sec. III.C,
we randomly rematched subjects and gave subjects no feedback about
their performance). Subjects’ thinking in initial responses to games tends
to avoid fixed-point reasoning or iterated dominance; instead, the evi-
dence supports the use of simpler level k rules of thumb (Costa-Gomes
38 Fehr, Kirchsteiger, and Riedl (1998) popularized gift-exchange games more generally.
See Charness and Levine (2007) for a discussion of methods used to measure the role of
intentions in strategic games.

39 By contrast, in the ultimatum game a selfish proposer needs to consider how the re-
ceiver will respond to his offer, and thus apparently generous offers can be strategic.

40 Gill and Prowse (2016) use the level k framework to study the relationship between
cognitive ability and strategic sophistication in adults in the p-beauty contest game. See Craw-
ford, Costa-Gomes, and Iriberri (2013) for a survey of applications of the level k model.



cognitive skills and life outcomes 2667
and Crawford 2006; Crawford, Costa-Gomes, and Iriberri 2013).41 Fur-
thermore, the level k model makes no assumption that the subjects know
or can learn the empirical distribution of choices, and so the model is well
adapted to our setting without feedback. The fact that our subjects are
children, whose strategic sophistication is likely to be less developed than
that of adults, strengthens these considerations.
Second, Arad and Rubinstein (2012) designed the game structure to

trigger level k thinking:

• In the level k model, the incentive of the level k > 0 type to best re-
spond to others being the level ðk 2 1Þ type depends on the assump-
tion that the incentive to compete dominates any incentive to co-
operate. The design of the game structure induces competition as
a predominant incentive. In that sense, the game is “competitive.”42

• By design, the game has no pure-strategy Nash equilibrium, and no
strategy is weakly or strictly dominated; as a result, subjects cannot
reason their way to a pure-strategy Nash equilibrium using iterated
dominance or otherwise.

• The game structure is designed to induce a choice of six by the stra-
tegically unsophisticated level 0 type: this choice is instinctive, is sa-
lient, and guarantees a payoff of six in the absence of strategic
thinking.

• The best-response calculation of each level k > 0 type is straightfor-
ward: the level 1 type best responds to the level 0 type’s choice of six
by choosing five, the level 2 type best responds to the level 1 type’s
choice of five by choosing four, and so on.43

• Finally, the behavior of level k > 0 types is robust to a range of other
assumptions about the behavior of the level 0 type (e.g., uniform ran-
domization and any distribution in which six is the modal choice).

Before turning to the data, we now build on the conceptual frame-
work in section II.B to outline how theory-of-mind ability and cognitive
41 Conceptually, level k thinking is separate from iterated dominance. Costa-Gomes and
Crawford (2006) develop variants of the p-beauty contest game that are designed to distin-
guish level k thinking from iterated dominance reasoning and find that level k thinking
predominates.

42 First, only one of the two players can earn the 10-token bonus, and so the players are
competing for this bonus. Second, given a belief about what the other player will do, under-
cutting the other player (instead of matching their choice) earns the bonus without chang-
ing the other player’s payoff. In that sense, “the game does not call for social preferences”
(Arad and Rubinstein 2012, 3563). Third, there is no symmetric joint-payoff-maximizing
profile of choices: maximizing joint payoffs requires one player to undercut the other to earn
the bonus, and so coordination is not a salient incentive.

43 A level 6 type would cycle back to choosing six, but we restrict attention to levels 0–5;
empirically, in adult populations the vast majority of subjects are found to be level 0 to level 3
types (Crawford, Costa-Gomes, and Iriberri 2013).
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ability link to a sequence of steps of reasoning that helps to underpin
level k thinking in the 1–6 Token Request game. The steps of reasoning
are inspired by Sher, Koenig, and Rustichini (2014) and Alaoui and Penta
(2016).

1. Understand the structure of the game—for example, the rules and
payoff consequences of actions. This step mainly uses the player’s
cognitive ability.

2. Conceive of the opponent as a strategically unsophisticated level 0
type who chooses six (see the third and fifth bullets in the bulleted
list above). This step mainly uses first-order theory of mind (we in-
troduced first- and higher-order theory of mind in sec. III.B.1).

3. Calculate that the choice of five is the level 1 best response to a
level 0 opponent. This step mainly uses cognitive ability.

4. Conceive of the opponent as a level 1 type who thinks her oppo-
nent is a level 0 type. This step mainly uses second-order theory
of mind.

5. Eventually, hit a limit on higher-order theory-of-mind ability and
thus hit an upper limit on the level k type of the opponent that
the player is able to conceive of. Alternatively, the player could under-
stand that this iterated reasoning process can continue indefinitely.

6. Form a belief about the actual level k type of the opponent among
the levels that the player is able to conceive of. This step mainly
uses first- and higher-order theory of mind.44

7. Calculate the best response to this belief about the actual level k
type of the opponent, which determines the observed level k type
of the player herself. This step mainly uses cognitive ability.
B. Level k Behavior in the Baseline Games
As explained in section IV.A, we use the level kmodel of nonequilibrium
thinking to analyze strategic behavior in the 1–6 Token Request game. In
sections II.B and IV.A, we hypothesized that theory of mind and cogni-
tive ability both help to explain level k behavior; the results in this section
confirm this prediction.
To measure how cognitive skills influence strategic behavior, we begin

by studying how age, theory of mind, and cognitive ability affect level k
behavior in the baseline games, in which subjects shared the same infor-
mation about the strategic sophistication of their opponent (in each of
44 The reasoning process that underlies this step depends on beliefs about the strategic
sophistication of the opponent, beliefs about the opponent’s beliefs about the player’s own
strategic sophistication, etc., in a hierarchy of beliefs.
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the five repetitions of the baseline game, the opponent was drawn ran-
domly from the children of all ages from the same school). As explained
in section III.B.3, we standardize psychometric test scores within age
group to cleanly separate the effect of age from the effect of within-cohort
variation in cognitive skills.
Figure 2 reports the distribution of choices in the baseline games, while

table 2 provides estimates of the marginal effects of age, age-standardized
theory-of-mind ability, and age-standardized cognitive ability on the prob-
ability of each of the six choices, with two-sided tests of statistical signifi-
cance. The second row of table 2 shows the correspondence between
choices and levels explained in section IV.A. Since subjects’ choices vary
from round to round, we allow their level to also vary across repetitions
of the baseline game.45 The third row shows the expected payoff fromeach
choice, given the empirical distribution of choices across the five baseline
games; the best response to the empirical distribution is to choose five.
Three main results on level k thinking emerge. First, our child subjects

are more likely to exhibit level 1 behavior as they get older and as their
theory-of-mind ability and cognitive ability improve compared with their
peers of the same age (table 2, col. 5). Relative to the average shown in fig-
ure 2, an additional year of life, a 1 standard deviation increase in age-
standardized theory-of-mind ability, and a 1 standard deviation increase
in age-standardized cognitive ability all increase the probability of level 1
behavior by about 10%. Second, the subjects are less likely to be strategi-
cally unsophisticated level 0 types as they age and becomemore cognitively
able (col. 6). Relative to the average, these changes represent decreases
of 17% and 9%, respectively. Third, older children are more likely to be
level 2 types who act as if their opponent is a level 1 type (col. 4).46

When we replicate the analysis using binary rather than continuous
measures of cognitive skills, we find an effect of theory-of-mind ability
on level 1 behavior that is statistically significant at the 1% level. This bi-
nary analysis is informative since it reduces the influence of outliers in the
distributions of skills. Table A.27 reports this analysis; the table shows that
subjects whose theory-of-mind ability is above the median for their age are
5 percentage points more likely to be a level 1 type. This effect on level 1
behavior is larger in magnitude than that of cognitive ability, although
table A.27 shows that subjects whose cognitive ability is above the median
for their age are also more likely to be level 2 types. Finally, unlike table 2,
table A.27 finds that the effect of theory-of-mind ability on level 3 behav-
ior is not significant at the 10% level. In appendix X, we provide evidence
45 A more complicated alternative could assume that each subject follows a fixed level
but chooses with noise.

46 We note that in expectation, level 2 types earn less than level 1 types; the proportion of
level 1 types in our sample is not large enough to make level 2 behavior optimal.
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that our estimates in tables 2 and A.27 are robust to correcting for bias
due to measurement error, with a modest change in precision in some
cases.
Column 1 of table 2 shows that the probability of choosing one de-

creases with age and with age-standardized cognitive ability. This choice
FIG. 2.—Distribution of choices in the baseline games.
TABLE 2
Probability of Choices in the Baseline Games

Choice

1
(1)

2
(2)

3
(3)

4
(4)

5
(5)

6
(6)

Level k Level 5 Level 4 Level 3 Level 2 Level 1 Level 0
Expected payoff 2.332 3.704 4.863 5.871 6.805 6.000
Age 2.022*** .001 .003 .027*** .020*** 2.030***

(.007) (.003) (.004) (.004) (.004) (.006)
Theory of mind 2.000 2.011 2.013* .007 .017* .001

(.009) (.006) (.007) (.009) (.010) (.011)
Cognitive ability 2.016* 2.003 .006 .012 .019** 2.017*

(.009) (.006) (.007) (.008) (.009) (.010)
Subjects 730 730 730 730 730 730
Note.—Each column reports average marginal effects from a fractional logit. For each
choice, the dependent variable is the fraction of times each subject made that choice in the
five baseline games (i.e., the number of times each subject made that choice divided by
five). The independent variables are age, age-standardized theory-of-mind ability, and
age-standardized cognitive ability (as explained in sec. III.B.3, we standardize test scores
within age group). Section IV.A explains the correspondence between choices and levels.
We calculate the expected payoff (in tokens) to each choice given the empirical distribu-
tion of subjects’ choices across the five baseline games. Heteroskedasticity-robust standard
errors, clustered at the session level, are shown in parentheses.
* Significant at the 10% level.
** Significant at the 5% level.
*** Significant at the 1% level.
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returns a low payoff; furthermore, the literature finds that for adult pop-
ulations almost nobody thinks at a level higher than level 3 (Crawford,
Costa-Gomes, and Iriberri 2013). Thus, we interpret this decrease as a
reduction in random play by children who do not understand the strate-
gic environment well, which happens to mimic level 5 behavior.
Appendix XIII shows that the parameter estimates in table 2 are stable

when we use a linear probability model (table A.28) and when we add
controls for the demographics that we collected (gender and school; ta-
ble A.29).
C. Dynamics of Choices over Repetitions
of the Baseline Game
As noted in section III.C, we study the subjects’ initial behavior in the
game without feedback, and so they cannot learn from experiencing
payoffs or observing the play of their opponents. Nonetheless, our sub-
jects might learn from introspection. In the absence of feedback, Weber
(2003, 136) continues to find some learning over repetitions of a compet-
itive game, concluding that such learning comes from “experience with
an environment and procedures and by repeatedly thinking about a
game.” This suggests that cognitive ability could improve learning from
introspection in our game by helping subjects to better understand the
rules of the game and the payoff consequences of actions as they have
more opportunity to consider the strategic environment over time.
The dynamics of themean choice provide some evidence of learning by

introspection: the mean choice falls modestly from 3.85 in the first repe-
tition of the baseline game to 3.60 in the fifth repetition. Figure A.7 shows
how the mean choice changes over time. Even though the mean choice
falls, the best response to the empirical distribution remains five in every
repetition. Regressing choices on a linear time trend, the decline in the
mean choice is statistically significant at the 1% level.47 However, when
we add age, age-standardized theory-of-mind ability, and age-standardized
cognitive ability and interact these characteristics with the time trend,
none of the interactions is statistically significant at the 10% level.
The dynamics of level k behavior from one repetition of the baseline

game to the next suggest a role for cognitive ability. In particular, we
study the probability of moving away from level 0 behavior, the probabil-
ity of moving to level 1 behavior, and the probability of moving to level 2
behavior.48 In all three cases, age has a positive and statistically significant
47 Formally, we run an ordinary least squares regression of choices on the repetition
number.

48 In the first case, we take all observations of a choice of six (level 0 behavior) in the first
to fourth repetitions of the baseline game, construct an indicator of whether the subject
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effect at the 1% level. Age-standardized cognitive ability has a positive and
statistically significant effect in the second and third cases (respectively,
p 5 :053 and p 5 :085; in the first case, the effect is positive but not sig-
nificant at the 10% level). The effect of age-standardized theory-of-mind
ability is never statistically significant (p > :5).
D. Other Analyses of Behavior in the Baseline Games
Section IV.A explained why the level kmodel of nonequilibrium thinking
is well suited to analyzing strategic behavior in our setting. Here we briefly
consider (i) the probability that subjects best responded to the empirical
distribution of choices in the baseline games and (ii) deviations from the
Nash equilibrium. However, since we study initial choices without feed-
back, subjects could not learn from experience about the empirical dis-
tribution of choices or adjust their behavior to observed play, and so it
is unreasonable to expect them to be able to accurately predict how others
play the game or to discover the mixed-strategy Nash equilibrium (app. VI
describes the equilibrium; recall that, by design, the game has no pure-
strategy Nash equilibrium and no dominated strategies, and subjects can-
not discover the equilibrium using level k thinking).
Table A.30 shows that age, age-standardized theory-of-mind ability, and

age-standardized cognitive ability positively predict the probability of best
responding (col. 1).49 Furthermore, there is some evidence that age and
cognitive ability act in tandem as complements, while age and theory-of-
mind ability operate independently (col. 2).50 Tables A.33 andA.34 extend
the analysis to payoffs: payoffs are noisy because they depend on the spe-
cific opponent that a subject is matched with, and so precision is lower. In
an attempt to reduce this noise, table A.35 instead uses expected payoffs
given the empirical distribution of choices.
Table A.36 shows that the distribution of choices of older children is

closer to the mixed-strategy Nash equilibrium than that of younger chil-
dren. The same is true for more cognitively able children and children
with better theory of mind (among peers of the same age), although the
differences are not as quantitatively important. Across the five repetitions
of the baseline game, the deviation from the Nash equilibrium increases
slightly (thedeviationmetric defined in table A.36 increases by 0.19 units);
chose one through five in the next repetition, and run a logistic regression of this indicator
on our characteristics. The other two regressions are constructed similarly.

49 Since the best response is five, these findings replicate our results on level 1 behavior
from sec. IV.B.

50 The parameter estimates in table A.30 are stable when we use a linear probability model
(table A.31) and when we add controls for the demographics that we collected (gender and
school; table A.32).
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this increase is consistent with our expectation that our subjects cannot
discover the Nash equilibrium.51
E. Response to Information about Opponent Cognitive
Ability in the Raven Game
As described in section III.C.2, in the Raven game we aimed to create ex-
ogenous variation in beliefs about the strategic sophistication of oppo-
nents by giving subjects information about the cognitive ability of their
opponent (but not about their own ability). That is, in the Raven game
each subject was matched with another child from the same academic
year and was told whether her opponent’s Raven test score was above or
below average for children of her age. For the purposes of presenting
our experimental results, we describe above-average opponents as of high
cognitive ability and below-average opponents as of low cognitive ability.
We now study whether our child subjects responded to this information.
In section IV.B, we found strong effects of age on level k behavior. Since

children were matched by academic year in the Raven game, this finding
leads us to first investigate whether older subjects in the Raven game re-
sponded to information about the cognitive ability of their (also older)
opponent. In particular, we first look at the behavior of subjects whose
age was above the median.52

Figure 3 shows that older subjects shift their behavior when they are
told that they face an (also older) opponent of high cognitive ability. Fig-
ure 3A shows the distribution of choices for older subjects who faced an
opponent of low cognitive ability, while figure 3B shows the distribution
for older subjects who faced an opponent of high cognitive ability. Older
subjects whose opponent is of high cognitive ability are more likely to
choose four, which corresponds to level 2 behavior. Older subjects whose
opponent is of low cognitive ability spread their choices more uniformly
over two to five, which suggests that they are less certain about how their
opponent will behave. This ability to adjust behavior to the characteristics
of the opponent provides behavioral evidence of the emergence of a so-
phisticated strategic theory of mind in children as young as 8–12 years
old.
51 Over the five repetitions, subjects of above-median age and subjects with above-median
cognitive ability move away from the Nash equilibrium more than do their below-median
counterparts. Subjects with above-median theory-of-mind ability move away from the Nash
equilibrium, while below-median subjects move toward the Nash equilibrium. The differ-
ences in the change in our deviation metric are, respectively, 0.11, 0.03, and 0.25.

52 Table 1 shows the distribution of ages; the median lies within the 8-year-old category.
To minimize the number of subjects at the median age, we classify subjects to be above or
below the median age using birth date (rather than age in years).



2674 journal of political economy
Table 3 shows that the shift among older children toward level 2 behav-
ior when facing an opponent of high cognitive ability is statistically signif-
icant. The first set of results provides estimates of the effect of being
matched with an opponent of high cognitive ability (instead of an oppo-
nent of low cognitive ability) on the probability of each of the six choices
for subjects above the median age, with two-sided tests of statistical signif-
icance. The results show that when an older subject is told that her (also
older) opponent is of high cognitive ability, on average she increases her
probability of level 2 behavior by about 10 percentage points, with the ef-
fect statistically significant at the 5% level.53 With caution, we note that
these results mesh with those from section IV.B: in the five repetitions
of the baseline game, we found that cognitive ability increases the likeli-
hood of level 1 behavior, and here we find that subjects who face more
cognitively able opponents are more likely to act as level 2 types, who best
FIG. 3.—Distribution of choices in the Raven game for subjects above the median age.
A (B) shows the distribution for subjects matched with an opponent whose cognitive ability
was below (above) the mean for children of her age (see sec. III.C.2). To minimize the
number of subjects at the median age, we classify subjects to be above or below the median
age using birth date (rather than age in years). We allocate the small number of subjects
exactly at the median age to the above-median category.
53 Older subjects are also less likely to choose two, which reflects the shift in fig. 3 from a
uniform distribution over choices two to five in fig. 3A to a distribution centered around
four in fig. 3B.
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respond to level 1 behavior. We use caution in noting this correspon-
dence because in the Raven game subjects were matched by academic
year but in the five repetitions of the baseline game they were matched
randomly with children of any age from the same school.
The second set of results in table 3 and figure A.8 repeat the analysis

for subjects below the median age. For the younger children, we find
no statistically significant change in behavior according to the cognitive
ability of their (also younger) opponent. Table A.37 shows that our results
are robust when we add controls for the demographics that we collected
(gender and school).
We now consider how the response to information about the oppo-

nent’s cognitive ability depends on subjects’ own theory of mind. To
do this, we categorize subjects as being of high or low theory of mind ac-
cording to whether their own theory-of-mind ability is above or below the
median for subjects of their age.54
TABLE 3
Probability of Choices in the Raven Game

Choice

1
(1)

2
(2)

3
(3)

4
(4)

5
(5)

6
(6)

Level k Level 5 Level 4 Level 3 Level 2 Level 1 Level 0
Subjects above median age (341):
High-cognitive-ability opponent .003 2.074* .017 .095** 2.021 2.021

(.033) (.041) (.038) (.046) (.039) (.027)
Subjects below median age (343):
High-cognitive-ability opponent 2.019 .046 2.036 .058 2.036 2.013

(.050) (.039) (.044) (.042) (.047) (.051)
54 We allocate the small number
category.
of subject
s exactly
 at the me
dian to t
he above-
Note.—This table reports average marginal effects from multinomial logits. The first
(second) set of results reports average marginal effects for subjects above (below) the me-
dian age. In each case, the dependent variable is a categorical indicator of subjects’ choices
in the Raven game, and the independent variable is an indicator taking value one when a
subject was matched with an opponent whose cognitive ability was above the mean for chil-
dren of her age (see sec. III.C.2). We have 341 (343) subjects above (below) the median age
who were given information about the cognitive ability of their opponent; these numbers
are each less than half of our sample because some subjects were matched with children
for whom we had no cognitive ability score (see n. 19). To minimize the number of subjects
at the median age, we classify subjects to be above or below the median age using birth date
(rather than age in years). We allocate the small number of subjects exactly at the median
age to the above-median category. Section IV.A explains the correspondence between
choices and levels. Heteroskedasticity-robust standard errors, clustered at the session level,
are shown in parentheses.
* Significant at the 10% level.
** Significant at the 5% level.
median
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As before, first we consider the older (above-median-age) subjects. Be-
ing matched with an opponent of high cognitive ability lowers the proba-
bility of choosing six (the level 0 choice) for older subjects with high the-
ory of mind but increases this probability for older subjects with low
theory of mind; the difference according to own theory of mind is statis-
tically significant at the 10% level (p 5 :079). Being matched with an op-
ponent of high cognitive ability increases the probability of choosing five
(the level 1 choice) for older subjects with high theory of mind but re-
duces this probability for older subjects with low theory of mind; again
the difference is statistically significant at the 10% level (p 5 :059). For
choices one through four, the differences according to own theory of mind
are not statistically significant at the 10% level. Finally, for the younger sub-
jects, these differences according to own theory of mind are not statistically
significant at the 10% level for any of the six choices. When interpreting
these results, the reader should keep in mind that we are cutting the data
quite finely here, since we are cutting the data by own age, own theory of
mind, and opponent cognitive ability.
F. Age and Strategic Sophistication
In section IV.B, we found that our subjects are less likely to exhibit strate-
gically unsophisticated level 0 behavior as they become older. Here we
delve deeper into this finding. Figure 4 shows how the proportion of
level 0 behavior falls with age in the baseline games. The figure also shows
how, at the same time, the proportion of level 1 behavior increases with
age. By age 11, the proportion of unsophisticated level 0 behavior falls to
under 8%. This proportion is close to the 6% of adult subjects who exhibit
level 0 behavior inArad andRubinstein’s (2012) data from the 11–20 game,
which shares its strategic structure with our game.
We conclude that our children display strategic sophistication by age 11,

in the sense that by age 11 the extent of unsophisticated level 0 behavior
is low and similar to that for adults. This result is consistent with our finding
from the Raven game that older subjects exhibit sophistication, in the sense
that they shift their level k behavior in response to information about the
cognitive ability of their opponent (sec. IV.E).
Our results on age and strategic sophistication provide a unique insight

into how unsophisticated level 0 behavior changes with age in a compet-
itive game that is designed to trigger level knonequilibrium thinking, with
no dominated strategies and no pure-strategy Nash equilibrium. By con-
trast, the existing literature focuses on dominance-solvable games of vary-
ing degrees of complexity. Nonetheless, our finding that children display
strategic sophistication by age 11 is broadly consistent with that literature,
whichfinds evidenceof the emergence of strategic sophisticationbetween
the ages of 7 and 12 (Perner 1979; Sher, Koenig, and Rustichini 2014;
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Brosig-Koch, Heinrich, and Helbach 2015; Czermak et al. 2016; Brocas
and Carrillo 2020, 2021).55
FIG. 4.—Age and strategic sophistication in the baseline games. This figure shows the
proportion of level 0 behavior (choices of six) and level 1 behavior (choices of five) in
the five baseline games by age. Section IV.A explains the correspondence between choices
and levels. As explained in table 1’s note, we have only 13 12-year-old subjects, and so we
exclude these subjects from this figure.
55 Perner (1979) studies 4–10-year-olds and finds that the ability to detect an opponent’s
dominant strategy and best respond to it increases throughout this age range. In an under-
cutting game, Sher, Koenig, and Rustichini (2014) find that by age 7 children play the Nash
equilibrium; however, the equilibrium strategy profile generates the minimum payoff, and
older children and adults move away from the equilibrium. In a dominant-strategy race
game, Brosig-Koch, Heinrich, and Helbach (2015) find that the main developmental step
takes place between grades 1 and 4 for males and between grades 6 and 9 for females, al-
though college students perform best. Czermak et al. (2016) study 10–17-year-olds and find
that the proportion of Nash equilibrium play does not vary with age (although female sub-
jects become less likely to choose dominated strategies as they get older). Brocas and
Carrillo (2021) study third- to eleventh-graders and find that the proportion of Nash equi-
librium play increases up to around age 12 and stabilizes thereafter. Finally, in a setting with
simple games that have an “intuitive” equilibrium, Brocas and Carrillo (2020) study 4–
7-year-olds and find that the proportion of Nash equilibrium play increases throughout this
age range, with the oldest children playing similarly to adults. We study strategic behavior in
a competitive game, rather than cooperative behavior. In app. I.3, we review the literature
that investigates how cooperation changes with age in strategic games. That literature does
not find clear evidence of an age by which cooperative behavior emerges in childhood.
For example, Brocas, Carrillo, and Kodaverdian (2017) find that cooperation increases
throughout their age range from elementary school to university, and some studies find that
cooperation does not increase with age (e.g., Sally and Hill 2006).
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Figure A.9 repeats the analysis from figure 4, splitting our sample by
whether a subject’s theory-of-mind ability is above or below the median
for their age. Similarly, figure A.10 splits the sample by whether a subject’s
cognitive ability is above or below the median for their age. For subjects
aged 10 or 11, the proportion of level 1 behavior is statistically significantly
higher among subjects with above-median theory-of-mind ability (p 5
:049) and among subjects with above-median cognitive ability (p 5 :050).
However, for subjects aged 10 or 11 or for 11-year-olds alone, the proportion
of level 0 behavior among subjects with above-median theory-of-mind abil-
ity or subjects with above-median cognitive ability is not statistically signif-
icantly different (at the 10% level) from the proportion among the below-
median subjects.56 When interpreting these results, the reader should keep
in mind that we are cutting the data quite finely here, since we are using
only the data from the oldest subjects and then cutting again by own theory
of mind or cognitive ability.
V. Results from the Gift-Exchange Game
We now turn to the results from our gift-exchange game, which was de-
signed to understand how children respond to intentions. In section II.B,
we hypothesized that theory of mind plays a more important role than cog-
nitive ability in our gift-exchange setting. In fact, we find that only theory
of mind predicts whether children respond to intentions: as we describe
below, theory-of-mind ability helps children to direct reciprocity appropri-
ately according to the intentions of the allocator, while we find no effect of
cognitive ability.
Section III.D describes the game, while figure 1 presents the game tree.

As we explain in section III.D, the game was designed to measure how
subjects respond to intentions. To recap, the allocator chooses between
two ways of splitting a pie of 10 supertokens (a supertoken is worth four
normal tokens), and the receiver decides whether to give a supertoken
back to the allocator after observing the chosen split. In treatment A,
the allocator chooses between an 8/2 split and a 5/5 split. In treatment B,
the allocator chooses between a 2/8 split and a 5/5 split.
To cleanly identify whether subjects respond to intentions, we compare

across treatments the decision of receivers after the allocator chooses a
5/5 split (i.e., the allocator takes five supertokens and gives the other
five to the receiver). Conditional on this split, in the two treatments the
56 These results are based on fractional logits. The dependent variable is the fraction of
times each subject chose five (for the level 1 results) or six (for the level 0 results) in the five
baseline games (i.e., the number of times each subject made that choice divided by five). In
each case, the independent variable is an indicator taking value one if the subject is above
the relevant median for subjects of their age, with subjects exactly at the median allocated
to the above-median category.
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receiver has been given the same number of supertokens and her choice
has the same distributional consequences. However, if the receiver likes to
reciprocate and cares about the intentions of the allocator, she is more
likely to give back a supertoken in treatment A, since the allocator in that
treatment gave up the option of taking eight supertokens to select the
even split, while in treatment B the even split benefits the allocator. As
we explain in section III.D, choosing the even split in treatment A is unam-
biguously generous since the 8/2 split is strictly dominant for a selfish
allocator.
Before turning to the data, we now build on the conceptual frame-

work in section II.B to outline how theory-of-mind ability and cognitive
ability link to the steps of reasoning that underpin the receiver’s under-
standing of the allocator’s intentions.

1. Understand the structure of the game—for example, the rules and
payoff consequences of actions. This step mainly uses the receiv-
er’s cognitive ability; however, the game structure is rather simple
and so the demands on cognitive ability are limited.

2. Conceive of the allocator’s perception of her choice set to under-
stand how the allocator thinks about her chosen and foregone al-
ternatives. This step mainly uses the receiver’s first-order theory
of mind (we introduced first- and higher-order theory of mind
in sec. III.B.1).

3. Conceive of the allocator’s social preferences to understand how
the foregone alternative interacts with the allocator’s generosity
to determine her intentions. For instance, take the case when the
allocator chooses the equal 5/5 split when she could instead have
chosen the more favorable 8/2 split. To understand the allocator’s
generous intention, the receiver needs to understand (i) how the
allocator perceived her foregone alternative (from step 2) together
with (ii) an understanding that the allocator cares about the receiv-
er’s payoff. This step mainly uses the receiver’s first-order theory of
mind.

4. Potentially, engage in further reasoning about the allocator’s mo-
tivation and social preferences that engages the receiver’s higher-
order theory of mind. For instance, the receiver might think that
the allocator’s social preferences depend on the allocator’s beliefs
about the receiver’s own preferences or expectations.

Table 4 studies whether subjects respond to intentions by measuring
(i) how the treatment affects the probability that the receiver gives
one supertoken back to the allocator and (ii) how this treatment effect
interacts with subject characteristics. The table reports average marginal
effects, with two-sided tests of statistical significance, for the 207 receivers
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whose matched allocator chose the 5/5 split. Column 1 shows that receiv-
ers are about 10 percentage points more likely to give a supertoken back
to the allocator in treatment A, although the effect is not quite statistically
significant. Thus, on average subjects respond to intentions. When we
add age, age-standardized theory-of-mind ability, and age-standardized
cognitive ability as independent variables in column 2, we see that these
characteristics do not predict whether the receiver gives back a super-
token.57 However, in column 3 we find that age and age-standardized
theory-of-mind ability interact statistically significantly with the treatment.
Thus, conditional on a 5/5 split, the treatment affects the likelihood of
giving back a supertoken more strongly for older children and children
whose theory of mind compares favorably with peers of the same age.
This result shows that age and theory ofmind predict whether receivers

respond to the allocator’s intentions in our gift-exchange game. Each addi-
tional year of life increases the effect of treatment A on the probability of giv-
ing back one supertoken by about 6 percentage points, while a 1 standard
TABLE 4
Effect of Treatment on Probability That Receiver

Gives One Supertoken to Allocator

(1) (2) (3)

Treatment A .095 .086 2.126*
(.068) (.065) (.069)

Age .015 2.000
(.013) (.014)

Theory of mind .009 2.028
(.026) (.028)

Cognitive ability .002 .003
(.029) (.038)

Treatment A � age .055**
(.024)

Treatment A � theory of mind .140***
(.050)

Treatment A � cognitive ability .008
(.061)

Subjects 207 207 207
57 As explained in sec. III.B.3, we standard
cleanly separate the effect of age from the ef
ize psychometric t
fect of within-coho
est scores within ag
rt variation in cogn
Note.—We include the 207 subjects who were receivers and whose matched allocator chose
the 5/5 split. Each column reports average marginal effects from a logit where the dependent
variable is an indicator taking value one if a receiver gave one supertoken back to the allo-
cator. The independent variable in col. 1 is an indicator for treatment A. In cols. 2 and 3, we
add age, age-standardized theory-of-mind ability, and age-standardized cognitive ability (as
explained in sec. III.B.3, we standardize test scores within age group). Heteroskedasticity-
robust standard errors, clustered at the session level, are shown in parentheses.
* Significant at the 10% level.
** Significant at the 5% level.
*** Significant at the 1% level.
e group to
itive skills.
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deviation increase in age-standardized theory-of-mind ability increases the
effect of treatment A by about 14 percentage points. These effects are large
compared with the average impact of treatment A of 10 percentage points
fromcolumn1.Despite these findings for age and theory ofmind, cognitive
ability has no effect: the interaction of treatment A and age-standardized
cognitive ability is quantitatively small and far from statistical significance.
These striking results suggest that different psychometric measures of cog-
nitive skill correspond to different cognitive processes in strategic situations
that involve the understanding of intentions. In appendix VII, we provide
evidence that our results in table 4 on the effects of theory of mind and cog-
nitive ability are robust to correcting the estimates for bias due to measure-
ment error.
Finally, we check whether subjects exhibit unconditional (“simple”)

reciprocity. That is, we study whether receivers respond to the number
of tokens given to them by their matched allocator when we do not con-
dition on treatment and so disregard the allocator’s option set. Table 5
replicates the analysis from table 4 but replaces the indicator for treat-
ment A with the number of supertokens given to the receiver (two in
the 8/2 split, five in the 5/5 split, and eight in the 2/8 split) and uses
TABLE 5
Effect of Number of Tokens Received on Probability

That Receiver Gives One Supertoken to Allocator

(1) (2) (3)

Number of supertokens received .040*** .041*** .016
(.009) (.009) (.016)

Age .007 2.026
(.009) (.018)

Theory of mind .011 2.027
(.018) (.037)

Cognitive ability 2.004 2.049
(.020) (.039)

Supertokens � age .009**
(.004)

Supertokens � theory of mind .009
(.010)

Supertokens � cognitive ability .011
(.009)

Subjects 385 385 385
Note.—We include all 385 subjects who were receivers (see n. 37). Each column reports
average marginal effects from a logit where the dependent variable is an indicator taking
value one if a receiver gave one supertoken back to the allocator. The independent variable
in col. 1 is the number of supertokens given to the receiver (two in the 8/2 split, five in the
5/5 split, and eight in the 2/8 split). In cols. 2 and 3, we add age, age-standardized theory-
of-mind ability, and age-standardized cognitive ability (as explained in sec. III.B.3, we stan-
dardize test scores within age group). Heteroskedasticity-robust standard errors, clustered
at the session level, are shown in parentheses.
** Significant at the 5% level.
*** Significant at the 1% level.
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all the receivers. Column 1 shows that receivers are indeed more likely to
reciprocate when they are given more tokens. However, column 3 shows
that this simple reciprocity does not interact statistically significantly with
age-standardized theory-of-mind ability (or with age-standardized cogni-
tive ability). Older subjects are more likely to exhibit simple reciprocity,
with the effect significant at the 5% level.
Appendix XIII shows that our results are robust when we use a linear

probability model (tables A.38, A.39) and when we add controls for the
demographics that we collected (gender and school; tables A.40, A.41).
VI. Analysis of Longitudinal Data from ALSPAC

A. Overview of ALSPAC Data
ALSPAC is a rich birth-cohort study of children born in the early 1990s
in the southwest of England. Pregnant women residing in Avon with ex-
pected dates of delivery from April 1, 1991, to December 31, 1992, were
invited to take part in the ALSPAC study. Boyd et al. (2013) and Fraser
et al. (2013) describe the ALSPAC birth-cohort data.58

Primary IRB approval to study data from ALSPAC was obtained from
Purdue University. Ethical approval for the study was obtained from the
ALSPAC Ethics and Law Committee and the Local Research Ethics Com-
mittees. Informed consent for the use of data collected via questionnaires
and clinics was obtained by ALSPAC from participants following the rec-
ommendations of the ALSPAC Ethics and Law Committee at the time.59
B. Psychometric Tests
ALSPAC measured theory-of-mind ability and cognitive ability at mean
age 8 years and 8 months when participants attended the “Focus @ 8”
interview session.
58 The total ALSPAC sample size is 15,454 pregnancies. This includes 913 eligible preg-
nancies that did not join the study initially but were recruited in later phases (starting when
the oldest children were around age 7). Please note that the study website contains details
of all the data that are available through a fully searchable data dictionary and variable
search tool: http://www.bristol.ac.uk/alspac/researchers/our-data/. ALSPAC data were
collected using REDCap (Harris et al. 2009, 2019).

59 The UK Medical Research Council, Wellcome (grant 102215/2/13/2), and the Uni-
versity of Bristol provide core support for ALSPAC. This publication is the work of the au-
thors, and Eduardo Fé, David Gill, and Victoria Prowse will serve as guarantors for the con-
tents of this paper. A comprehensive list of grants funding is available on the ALSPAC
website (http://www.bristol.ac.uk/alspac/external/documents/grant-acknowledgements
.pdf); this research was specifically funded by the UK Medical Research Council (MR/
M006727/1; G0701503/85179) and the UK Medical Research Council and Wellcome
(092731).

http://www.bristol.ac.uk/alspac/researchers/our-data/
http://www.bristol.ac.uk/alspac/external/documents/grant-acknowledgements.pdf
http://www.bristol.ac.uk/alspac/external/documents/grant-acknowledgements.pdf
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1. Theory-of-Mind Test: Diagnostic Analysis
of Nonverbal Accuracy
ALSPAC measured theory-of-mind ability at age 8 using the Child Facial
Expressions test from the Diagnostic Analysis of Nonverbal Accuracy
(DANVA2-CF; see Nowicki and Duke 1994; Nowicki 2015). We describe
the concept of theory of mind in section II.A; as we explain there, psy-
chologists measure theory of mind by the ability to correctly infer or un-
derstand themental states of others (which can include others’ beliefs, de-
sires, intentions, and emotions; Baron-Cohen 2000). The DANVA2-CF
measures theory of mind by the ability to recognize emotions in facial
expressions. Specifically, the test uses 24 photographs of child faces, each
showing one of four core emotions: happiness, sadness, anger, or fear.60

The ability of children to recognize these four core emotions measures
their social-perceptual theory of mind because recognizing these emotions
requires children to judge and interpret mental states (Tager-Flusberg and
Sullivan 2000). Appendix I.13 provides further details about how ALSPAC
implemented the DANVA2-CF, while appendix XI discusses the relation-
ship between theDANVA2-CF and the IMT theory-of-mind test that we used
in our experiments (sec. III.B.1).
Psychologists often measure theory of mind by the ability to recognize

emotions in photographs of human faces (Deming [2017b] notes that
there is a well-grounded theory of how theory of mind relates to emotion
recognition in human faces). Kidd and Castano (2013), a recent and
heavily cited paper on theory of mind in Science, uses both the Reading
the Mind in the Eyes Test (RMET) and the Facial Expressions test from
DANVA2 to measure theory of mind. Like the widely used RMET test of
theory of mind (Baron-Cohen et al. 1997), the Facial Expressions test
from DANVA2 measures the ability to identify emotions from facial ex-
pressions in photographs. As noted byKidd andCastano (2013, suppl.ma-
terial, 4), the Facial Expressions test from DANVA2 has been “extensively
validated with normal, clinical, adult, and child populations.”61
60 The test produces a score out of 24. Each emotion is shown six times, three times with
high intensity and three times with low intensity.

61 The Facial Expressions test from DANVA2 is designed to measure “the identification
of emotion in facial expressions” (Collins and Nowicki 2001; see also Goodfellow and
Nowicki 2009). It is one of the tests in the DANVA, which was “designed to assess individual
differences in children’s ability to accurately send and receive emotional information
through nonverbal means” (Nowicki and Duke 1994, 10; the ALSPAC database does not
include data from other DANVA tests). Specifically, Kidd and Castano (2013) use the
RMETand the Adult Facial Expressions test (DANVA2-AF), which is the same as the Child
Facial Expressions test (DANVA2-CF) except that the photographs used in the test are of
adults instead of children (Nowicki 2015). The photographs used in the RMETshow a part
of the face that includes the eyes, while the photographs used in the Facial Expressions test
from DANVA2 show the entire face.
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We are not aware of any study that reports a correlation between per-
formance on the IMT (see sec. III.B.1) and the DANVA2-CF. Similarly,
we are not aware of any study that reports a correlation between the
IMTand the RMET in children; however, Osterhaus, Koerber, and Sodian
(2016) find that items from the IMT and the RMET load heavily on the
same factor for children and so “were found to be indicators of the same
factor.”62
2. Cognitive Ability Test: Wechsler Intelligence
Scale for Children
ALSPAC measured cognitive ability at age 8 using the Wechsler Intelli-
gence Scale for Children (WISC-III; seeWechsler 1991). As we note in sec-
tion II, fluid intelligence is the ability to use logical reasoning to solve new
problems, while crystallized intelligence includes acquired knowledge
and verbal skills (e.g., Carpenter, Just, and Shell 1990). WISC-III captures
both fluid intelligence (Dickson, Gregg, and Robinson 2016) and crystal-
lized intelligence (Smajlagić et al. 2018). TheWISC-III Full Scale IQ score
is based on 10 subtests: information, similarities, arithmetic, vocabulary,
comprehension, picture completion, coding, picture arrangement, block
design, and object assembly.
3. Standardization and Correlation of Test Scores
We standardize the theory-of-mind test scores and the cognitive ability
test scores. The Pearson correlation coefficient between the standard-
ized theory-of-mind test score and the standardized cognitive ability test
score is 0.21, which provides evidence that the two tests capture different
skills. This low correlation is similar to the correlation in our experimen-
tal data and is consistent with existing evidence (see sec. III.B.3; n. 26).
C. Effect of Theory of Mind and Cognitive Ability
on Adult Outcomes

1. Overview of Approach and Set of Controls
Wenow study how theory ofmind and cognitive ability at age 8 affect adult
outcomes. We measure social skills, fertility, and labor market behavior at
62 In adults, Lyons, Caldwell, and Shultz (2010), Vonk et al. (2015), Ewing, Zeigler-Hill,
and Vonk (2016), and Vonk and Pitzen (2017) report correlations that range from 0.34 to
0.46 between the IMTand the RMET (all with p < :001). To put these figures in context, we
note that the retest reliability of the RMET is around 0.7 for tests taken between 1 week and
1 month apart; in particular, Hallerbäck et al. (2009) and Lee, Nam, and Hur (2020) re-
port correlations of 0.6 and 0.74, respectively, while Prevost et al. (2014) and Charernboon
and Lerthattasilp (2017) report rank correlations of 0.7 and 0.95, respectively.
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the latest age that is currently available in the ALSPAC data set. As ex-
plained below, we measure educational participation at ages 17 and 20.
In all cases, we regress the outcome of interest on childhood theory-of-
mind ability and cognitive ability using a rich set of controls that is de-
scribed in appendix VIII. In each case, we use the participants for whom
we observe the relevant outcome. The set of controls includes (among
other variables) gender; mother’s age at birth, marital status, and parity;
parental race, education, occupation, income, and spending on child-
care; the number of books owned and neighborhood quality in child-
hood; and primary (i.e., elementary) school characteristics. Given the
large number of controls, we use linear probability models in the cases
where the outcome is an indicator variable (rather than less transparent
logits). Tables A.42–A.45 show that our results on adult outcomes are ro-
bust to further including a control for locus of control. Tables A.46–A.49
show that our results on the relationship between theory of mind and
adult outcomes are robust when we include separate controls for the ver-
bal and nonverbal components of cognitive ability. In appendix IX, we
provide evidence that our estimates of the effects of theory of mind and
cognitive ability on adult outcomes in tables 6–9 are broadly stable after
correcting for bias due to measurement error, with a modest loss of preci-
sion in some cases.
2. Social Skills
In section II.C, we explained that social skills are crucial to labor market
success and to well-being outside the workplace, and we hypothesized
that childhood theory-of-mind ability helps children to develop social skills
that persist into adulthood. We also hypothesized that any effect of cogni-
tive ability on social skills would be positive, although the theoretical link
is weaker. The results in table 6 support these predictions.
We use two measures of social skills in adulthood: (i) the number of

close friends and (ii) an indicator of whether the participant has 10 or
more close friends. The regression results in table 6 show positive effects
of childhood theory of mind and cognitive ability on adult social skills
that are statistically significant at the 5% level or lower. A 1 standard de-
viation increase in theory-of-mind ability at age 8 is associated with an
increase of around 0.20 in the number of close friends and an in-
crease of around 2 percentage points in the probability of having 10 or
more close friends, both measured at age 24. Similarly, a 1 standard de-
viation increase in cognitive ability at age 8 is associated with an increase
of around 0.28 in the number of close friends and an increase of
around 2 percentage points in the probability of having 10 or more close
friends.
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3. Education
In section II.D, we hypothesized that childhood theory of mind and cog-
nitive ability promote learning and educational attainment. The results in
table 7 support these predictions, and in appendix XII we quantify the im-
portance of attention in the classroom as a dynamic mechanism that me-
diates the effect of childhood theory of mind on educational attainment.
We measure educational participation at ages 17 and 20, and we also

have one measure of educational attainment. In England, compulsory
schooling for the relevant cohorts ended at 16, and so ourmeasure of ed-
ucational participation at 17 captures whether the participant chose to
continue their secondary (i.e., high school) education beyond the com-
pulsory period. The measure of educational participation at 20 captures
whether the participant chose to continue with some form of tertiary ed-
ucation (e.g., college or vocational training) at the end of their secondary
education. Finally, wemeasure whether the participant completed one or
more A levels; in England, A levels are subject-specific exams that deter-
mine college entry and that are generally taken at age 18.
The results in table 7 show positive effects of childhood theory of mind

and cognitive ability on education that are statistically significant at the
5% level or lower, with the effects of cognitive ability larger inmagnitude.
A 1 standard deviation increase in theory-of-mind ability at age 8 is asso-
ciated with an increase of around 1 percentage point in the probability of
TABLE 6
Close Friends

Number of Close Friends
(1)

10 or More Close Friends
(2)

Theory of mind .203** .021***
(.079) (.007)

Cognitive ability .284*** .021***
(.090) (.008)

Participants 3,887 3,887
Mean age 24.49 24.49
Mean of dependent variable 6.76 .16
Note.—Each column reports an ordinary least squares regression with a rich set of con-
trols that is described in app. VIII. In col. 1, the dependent variable is the number of close
friends that each participant reported when they attended the “Focus @ 24” interview ses-
sion. In col. 2, the dependent variable is an indicator taking value one if a participant re-
ported having 10 or more close friends at the same interview session. The independent
variables are standardized theory-of-mind ability and standardized cognitive ability mea-
sured at age 8 (see sec. VI.B). We derived the number of close friends from the partici-
pant’s categorical report. The categories were 0, 1, 2–4, 5–9, 10–14, 15–19, and ≥20.We used
interval regression to assign a value to each category that includes more than one value.
Heteroskedasticity-robust standard errors are shown in parentheses.
** Significant at the 5% level.
*** Significant at the 1% level.
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educational participation at age 17, an increase of around 2 percentage
points in educational participation at age 20, and an increase of around
2 percentage points in the probability of completing one or more A lev-
els. For cognitive ability at age 8, the corresponding magnitudes are in-
creases of 2, 9, and 9 percentage points, respectively.
4. Fertility
In section II.E, we hypothesized that childhood theory of mind and cogni-
tive ability both lower fertility in early adulthood, although we cautioned
that our priors are not strongbecause some effects are theoretically ambig-
uous. The results in table 8 support this prediction, and in appendix XII
we quantify the importance of educational participation as a dynamic
mechanism thatmediates the effect of childhood theory ofmind on fertil-
ity in early adulthood.
We have two measures of fertility in early adulthood: (i) whether the

participant is a parent and (ii) the participant’s total number of children.
The results in table 8 show negative effects of childhood theory of mind
and cognitive ability on fertility that are statistically significant at the 5%
level or lower. A 1 standard deviation increase in theory-of-mind ability at
age 8 is associated with a reduction of around 1 percentage point in the
probability of being a parent and a reduction of around 0.02 children,
TABLE 7
Educational Participation and Attainment

In Education at 17
(1)

In Education at 20
(2)

A-Level
Qualification

(3)

Theory of mind .013** .020** .016**
(.006) (.009) (.008)

Cognitive ability .023*** .094*** .091***
(.007) (.009) (.008)

Participants 4,091 4,332 4,332
Mean age 17.76 20.95 20.95
Mean of dependent variable .88 .55 .73
Note.—Each column reports an ordinary least squares regression with a rich set of con-
trols that is described in app. VIII. In col. 1, the dependent variable is an indicator taking
value one if a participant reported being in education when they attended the “Teen Focus 4”
interview session. In col. 2, the dependent variable is an indicator taking value one if a par-
ticipant reported being in education or training that is not as part of a job when they an-
swered the “It’s All About You (201)” questionnaire. In col. 3, the dependent variable is
an indicator taking value one if a participant reported having at least one A level or equiv-
alent qualification when they answered the “It’s All About You (201)” questionnaire. The
independent variables are standardized theory-of-mind ability and standardized cognitive
ability measured at age 8 (see sec. VI.B). Heteroskedasticity-robust standard errors are shown
in parentheses.
** Significant at the 5% level.
*** Significant at the 1% level.



2688 journal of political economy
bothmeasured at age 25. This reduction of 0.02 children represents a de-
cline of 12% relative to the average number of children among our par-
ticipants. For cognitive ability at age 8, the correspondingmagnitudes are
reductions of 2 percentage points and 0.03 children.
5. Labor Market Behavior
In section II.F, we hypothesized that childhood theory of mind and cog-
nitive ability both affect labor market behavior. In table 9, we find no sta-
tistically significant effect of theory of mind on the probability of being
employed at age 24 or on wages at age 23. Interestingly, we do find evi-
dence that supports our hypothesis that workers with better theory of
mind have a comparative advantage in larger firms: a 1 standard deviation
increase in theory-of-mind ability at age 8 is associated with an increase of
2 percentage points at age 23 in the probability of being employed in a
workplace with 25 or more employees (p 5 :079).
The absence of an effect of theory ofmind on theprobability of employ-

ment should be seen in the context of record employment rates in the
United Kingdom in recent years.63 Regarding wages, we conjecture that
any effects of theory of mind are not yet apparent in participants’ early
63 Bas
ords for
the time
of 82.6%
TABLE 8
Fertility

Parent
(1)

Number of Children
(2)

Theory of mind 2.012** 2.022**
(.006) (.009)

Cognitive ability 2.023*** 2.033***
(.006) (.010)

Participants 4,371 4,371
Mean age 25.76 25.76
Mean of dependent variable .12 .18
ed on Organization for Economic
the United Kingdom that start in
that our measure of employment
for individuals aged 25–54 (OEC
Cooperation an
1984, the empl

was collected by
D 2019).
Note.—Each column reports an ordinary least squares regression with
a rich set of controls that is described in app. VIII. In col. 1, the depen-
dent variable is an indicator taking value one if a participant reported be-
ing a parent when they answered the “Life @ 251” questionnaire. In col.
2, the dependent variable is the number of children that each participant
reported having in the same questionnaire. The independent variables
are standardized theory-of-mind ability and standardized cognitive ability
measured at age 8 (see sec. VI.B). In all cases, “children” is defined to in-
clude biological, step, foster, and adopted children. Heteroskedasticity-
robust standard errors are shown in parentheses.
** Significant at the 5% level.
*** Significant at the 1% level.
d Development (OECD) rec-
oyment rate in 2016 (around
ALSPAC) was at a record high
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twenties because the wage distribution in the United Kingdom is com-
pressed in the early years following graduation.64

Turning to cognitive ability, we find no statistically significant effect on
the probability of employment, but we do find a positive effect of child-
hood cognitive ability on wages that is statistically significant at the
5% level: a 1 standard deviation increase in cognitive ability at age 8 is as-
sociated with an increase of 2% in wages at age 23. Throughout section
VI.C, we find effects of cognitive ability that are somewhat larger than
those of theory ofmind, and so it makes sense that cognitive ability should
start to affect wages earlier in people’s careers. Finally, we also find that
childhood cognitive ability increases the probability of being employed
in a workplace with 25 or more employees.
TABLE 9
Employment, Wages, and Workplace Size

Employed
(1)

log Hourly Wage
(2)

Large Workplace
(3)

Theory of mind .005 2.009 .020*
(.008) (.008) (.011)

Cognitive ability .005 .022** .029**
(.009) (.009) (.012)

Participants 3,884 2,999 3,129
Mean age 24.49 23.89 23.89
Mean of dependent variable .81 2.05 .60
64 Blundell, Green, and Jin (201
holders to the median wage of hig
for individuals at age 23; this ratio
6) find that the
h school gradua
increases to ar
ratio of the median wa
tes in the United Kingd
ound 1.6 at age 40.
Note.—Each column reports an ordinary least squares regression with a rich set of con-
trols that is described in app. VIII. In col. 1, the dependent variable is an indicator taking
value one if a participant reported being in employment and not in education when they
attended the “Focus @ 24” interview session. In col. 2, the dependent variable is the log of
the hourly wage that each participant reported when they answered the “Me @ 231” ques-
tionnaire. In col. 3, the dependent variable is an indicator taking value one if a participant
reported that 25 or more people were employed at their place of work when they answered
the “Me @ 231” questionnaire. Columns 2 and 3 use only participants who reported being
in employment in the “Me @ 231” questionnaire. The independent variables are standard-
ized theory-of-mind ability and standardized cognitive ability measured at age 8 (see sec. VI.B).
We derived the hourly wage from the participant’s categorical report of monthly take-home
pay (after tax and national insurance) and from their report of average hours worked
per week. To reduce the influence of outliers, we winsorized the hourly wage at the 99th per-
centile. The categories for monthly take-home pay were £1–£499, £500–£999, £1,000–£1,499,
£1,500–£1,999, £2,000–£2,499, £2,500–£2,999, and ≥£3,000. We used interval regression
to assign a value to each category. Heteroskedasticity-robust standard errors are shown in
parentheses.
* Significant at the 10% level.
** Significant at the 5% level.
ge of first-degree
om is around 1.2
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D. Effect of School Spending on Theory of Mind
Finally, we provide evidence that school spending can improve theory-of-
mind ability in childhood. The evidence comes from a difference-in-
differences approach that uses data from primary school spending in
England.
Starting in the late 1990s, there was a substantial increase in government

spending on primary (i.e., elementary) school education in England: in
the 10-year period from 1996–97 to 2006–7, annual primary school spend-
ing per pupil increased from around £2,300 to around £4,300 (in 2019–
20 prices; see Farquharson and Sibieta 2019). In England, each school is
funded by a regional LEA. LEAs received different increases in funding
from the central government that depended on the characteristics of the
pupils in the LEA.
We use a difference-in-differences approach that exploits different

trends over time in school spending across LEAs to estimate how primary
school spending affected childhood theory ofmind. TheALSPACdata set
includes participants from three consecutive school-year cohorts and
schools from four LEAs. Specifically, we regress standardized theory of
mind at mean age 8 years and 8 months (see sec. VI.B) on the cumulative
per-pupil primary school spending of the participant’s LEA when the par-
ticipant was in year 1, year 2, and year 3 (children were aged 5, 6, and 7 at
the beginning of years 1, 2, and 3, respectively). We report the effect of
£300 of cumulative per-pupil spending over 3 years (in 2003–4 prices),
since £300 is approximately 1 standard deviation of the identifying varia-
tion in school spending in our data.65 In the regression, we include LEA
fixed effects and cohort fixed effects, along with a rich set of controls that
is summarized in section VI.C.1 and described in appendix VIII. The co-
hort fixed effects absorb trends over time in school spending and in the-
ory of mind that are common to all LEAs. The LEA fixed effects control
for systematic differences in school spending and in theory ofmind across
LEAs. The estimated effect of school spending is therefore identified
from variation across LEAs in the time path of spending.66

Table 10 provides evidence that primary school spending increased
theory-of-mind ability. Column 1 includes participants who attended a
primary school in one of our four LEAs; we find that a £300 (in 2003–
4 prices) increase in cumulative per-pupil spending over 3 years increases
65 After calculating the change in cumulative per-pupil spending from the first cohort to
the third cohort for each LEA, we find that £300 is approximately 1 standard deviation of
the changes.

66 Mobility between LEAs is low, which suggests that pupils did not select into LEAs
based on the level of school spending. ALSPAC collected information about participants’
LEA in years 3, 4, and 6 of primary school: 0.28% of participants changed LEA between
years 3 and 4, and 0.94% changed LEA between years 4 and 6.
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theory-of-mind ability at age 8 by around 0.13 of a standard deviation
(p 5 :059).
To help interpret our finding that school spending improved theory of

mind on average, we (i) describe some of the features of the increase in
primary school spending and then (ii) use evidence from psychology to
propose mechanisms by which school spending could have improved
theory of mind. The increase in English primary school expenditure over
the relevant period was spent as follows: 44% on teachers; 20% on educa-
tional support, administrative, and clerical staff; 9% on books and equip-
ment; and 27% on other goods and services.67 Furthermore, around the
relevant time period there was a push by the UK government to provide
extra assistance to schoolchildren, and this extra assistance was a mix of
support inside andoutside of the classroomprovided by class teachers, sup-
port teachers, and learning support assistants (Croll and Moses 2003).
Building on existing evidence from psychology, we propose three specific
mechanisms that can help to explain our finding that school spending
TABLE 10
Difference-in-Differences Estimates of the Effect

of School Spending on Theory of Mind

All
(1)

Disadvantaged
Participants

(2)

Advantaged
Participants

(3)

School spending per pupil
(£300 cumulative over 3 years) .128* 2.041 .267**

(.067) (.105) (.120)
Participants 4,549 1,999 2,199
67 We calculated these figures using
ing between 1997–98 and 2000–2001 f
data on En
rom DfES (
glish LEA primary school–
1999, 2002).
Note.—Data on LEA primary school–based spending are from the statistical appendix in
DfES (2004). The third paragraph of sec. VI.D describes the empirical specification and
strategy. The specification also includes school fixed effects, which absorb the LEA fixed ef-
fects because all schools in the ALSPAC data set remain in the same LEA. Column 1 includes
participants who completed the theory-of-mind test at age 8 (see sec. VI.B) and attended a
publicly funded primary school in one of the four LEAs in the ALSPAC data set; we allocate
each participant to a school based on the earliest time that we observe the participant at-
tending one of these schools. Column 2 (col. 3) includes only disadvantaged (advantaged)
participants: the sixth paragraph of sec. VI.D and n. 68 explain how we define these catego-
ries based on family income in childhood; family income is described in app. VIII. Our sam-
ple includes a partial school year cohort of participants born between February and August
1991, a full school year cohort born between September 1991 and August 1992, and a partial
school year cohort born between September 1992 and January 1993. To ensure that we es-
timate the effect of school spending from differences between comparable cohorts, we con-
struct an indicator taking value one for participants born between February and August, and
in our regressions we include this indicator variable interacted with each of the fixed effects
and controls. Heteroskedasticity-robust standard errors, clustered at the school level, are
shown in parentheses.
* Significant at the 10% level.
** Significant at the 5% level.
based spend-
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improved theory-of-mind ability—the first operates through reading and
literacy, the second is basedonconversational discourse, and the third links
to classroom activities.

1. According to the psychology literature, reading and literacy are cru-
cial for theory-of-mind development. For example,Hofmann et al.’s
(2016) survey of training interventions to improve childhood the-
ory of mind reports that many of these interventions are designed
around storytelling (we discuss this survey in the introduction); sim-
ilarly, Kidd and Castano (2013) provide evidence that reading liter-
ary fiction improves theory of mind. Based on this literature, we sug-
gest that an important mechanism by which school spending likely
improved theory of mind is through better reading and literacy
skills. Indeed, according to Croll andMoses (2003), the push to pro-
vide extra assistance to schoolchildren described above was directed
toward supporting reading and literacy (rather than numeracy or
other areas of the curriculum).

2. De Rosnay and Hughes’s (2006) literature review concludes that
conversational interactions are of fundamental importance to the
development of theory of mind. By increasing the provision of sup-
port teachers and learning support assistants to help teachers inside
and outside the classroom, school spending boosted the opportuni-
ties for children to engage in theory of mind improving conversa-
tional interactions at school.

3. Hofmann et al.’s (2016) survey of training interventions to improve
childhood theory of mind highlights the importance of activities
such as sociodramatic play and imaginative role-playing.We suggest
that the increase in support teachers and learning support assistants
provided teachers with some opportunity to pivot away from tradi-
tional classroomacademics towardmore “fun” learning and play ac-
tivities based on interpersonal interaction and role-playing that
helped to improve theory of mind.

Next, we provide evidence that the effect of school spending on theory
of mind was stronger for advantaged participants, as measured by family
income in childhood. We call a participant “advantaged” if her family in-
come in childhood was at or above the median for the participants in
her primary school; we call her “disadvantaged” if her family income
was below the median.68 In column 2 of table 10, we find no statistically
68 We use school-level medians to ensure that a participant’s categorization is orthogo-
nal to spending in her particular school. The total of advantaged and disadvantaged par-
ticipants is lower than the number of participants in col. 1 of table 10 because we do not
have data on family income for all participants.
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significant effect of school spending on theory of mind for disadvantaged
participants (p 5 :694). Instead, in column 3 we find that the positive ef-
fect of school spending on theory-of-mind ability is concentrated among
the advantaged students (p 5 :028). Table A.50 shows that our results are
robust when we allocate participants at the median of childhood family
income to the disadvantaged category.
At first blush, it might seem surprising that school spending improved

theory of mind for advantaged participants but had no effect for disad-
vantaged participants. To help interpret these findings, we (i) describe a
stream of literature that reports that universal interventions often bene-
fit the advantaged more and discusses the ethical implications for policy
design (e.g., Ceci and Papierno 2005) and then (ii) build on recent ev-
idence from economics and psychology to propose three specific mech-
anisms that can help to explain our findings.
Our finding that school spending was more effective for advantaged chil-

dren is consonant with exciting new work in economics by Barcellos,
Carvalho, andTurley (2021) andHuillery et al. (2021). Leveraging a change
in years of compulsory schooling in the United Kingdom, Barcellos,
Carvalho, and Turley (2021) show that returns to schooling are higher
for advantaged children; furthermore, genetic data from children and
their parents suggest that parental and environmental characteristics
are responsible for these higher returns (rather than characteristics of
the children themselves). Huillery et al. (2021) study a large-scalemindset
intervention in French schools designed to increase locus of control and
the perceived return to effort and find that the effect of the intervention
on academic achievement was substantially stronger for advantaged stu-
dents. Furthermore, the small effects for disadvantaged students found
by Huillery et al. (2021) appeared only in the fourth year of the sustained
intervention, which raises the possibility that sustained increases in school
spending do eventually start to have some effect on the theory of mind of
disadvantaged children in the ALSPAC sample, but in a time frame be-
yond the scope of our study.
Ceci and Papierno (2005) survey broader evidence showing that many

universal interventions and policies widen initial disparities by benefiting
advantaged groups more, and they go on to discuss the thorny ethical im-
plications for policy design. For example, Ceci and Papierno (2005) de-
scribe how the Sesame Street educational television series and the availabil-
ity of computer technology in schools both widened preexisting gaps
between advantaged and disadvantaged children. More recent examples
includeMascini and Braster (2017), who useOECDProgramme for Inter-
national Student Assessment data to argue that choice and competition in
education benefit high-SES childrenmore. Indeed, the effect extends be-
yond impacts on educational attainment; for example, in a mental health
context, Kavanagh et al.’s (2009) metastudy provides some evidence that
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school-basedmental health interventions designed to prevent depression
are more effective for higher-SES children.
Why might the theory of mind of advantaged children benefit more

from school spending? Building on existing evidence from economics
and psychology, we propose three specific mechanisms that can help to
explain our finding that school spending was more effective for advan-
taged children—the first operates through biased beliefs and motiva-
tion, the second is based on differences in utilization, and the third links
to better executive function among the advantaged.

1. Guyon andHuillery (2021)find that the childrenof low-SESparents
have downward-biased beliefs about their academic ability and po-
tential, which then feed into lower educational aspirations. Because
self-confidence affects motivation (e.g., Bénabou and Tirole 2002),
this type of excess pessimism among the disadvantaged could ad-
versely affect learning and individual development in the classroom,
which in turn for disadvantaged children could limit the impact of
school spending on the evolution of cognitive skills, such as theory
of mind.

2. In their survey of the evidence that many interventions widen dis-
parities, Ceci and Papierno (2005) describe the “utilization bene-
fit” that advantaged groups gain when they are better able to access
or utilize the intervention’s benefits. In our context, high-SES par-
ents might have been more able and willing to ensure that their
children reaped the benefits of the school-spending increase. For
example, we noted above that part of the relevant school-spending
increase was directed toward extra assistance outside of the class-
room: high-SES parents might have been more proactive in secur-
ing such extra assistance for their children when needed.

3. Evidence from psychology suggests that executive function medi-
ates changes in theory of mind. In particular, as discussed in Hof-
mann et al.’s (2016) survey, Benson et al. (2013, 1615) find that theory-
of-mind training is more effective for children with better executive
function, which they define as “the processes that underlie goal di-
rected behavior, including self-regulation, planning, workingmemory,
response inhibition, and resistance to interference.” Furthermore,
psychologists have also found that SES positively predicts executive
function (e.g., Lawson, Hook, and Farah 2018; Rosen, Amso, andMc-
Laughlin 2019). Bringing these findings together, we suggest that
school spending increased theory of mindmore effectively for the ad-
vantagedparticipants partly because of their better executive function.

We findno statistically significant effects of primary school spending on
cognitive ability at age 8. When we replicate the analysis using cognitive
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ability instead of theory of mind, the equivalents of the regressions re-
ported in columns 1–3 of table 10 give p-values of .605, .361, and .815, re-
spectively. Across all our participants, we find a statistically insignificant ef-
fect of school spending on cognitive ability that is in fact negative (but
small).
Since the ALSPAC data set includes only three cohorts and four LEAs,

we consider our evidence on the effects of school spending to be sugges-
tive rather than conclusive. We encourage researchers to attempt to rep-
licate our results by measuring the effects of similar interventions on the-
ory of mind and cognitive ability when they run such interventions
directly in the field.
VII. Conclusion
In this paper, we have emphasized the importance of childhood theory of
mind as a cognitive skill that underpins strategic ability, as well as success
in social, educational, and workplace interactions. We find that theory of
mind operates as a skill separate from cognitive ability, and we provide ev-
idence that primary school spending can help to improve theory-of-mind
ability in childhood.We hope that our findings illustrate the fundamental
importance of theory of mind for economic behavior. Since teamwork
and soft skills are becoming ever more critical to success in life (Deming
2017a), we expect that the importance of theory ofmindwill only increase
over time.
Estes and Bartsch (2017, 1) define theory ofmind as “the universal pro-

pensity of humans to understand and explain their own and others’ be-
havior in terms of internal mental states and processes such as beliefs,
desires, goals, and intentions” and note that theory of mind appears
“rapidly and dependably early in development across all cultures without
explicit instruction and even in themost disadvantaged and deficient en-
vironments.” Yet economists have shown little interest in studying theory
of mind.
We hope that our findings will spur a new research agenda in econom-

ics that takes seriously how people understand the mental processes of
others, that aims to learn more about how theory-of-mind skills drive be-
havior, and that aspires to understand how to improve theory-of-mind
ability. For example, game theorists should explicitly model how people
come to form beliefs about others’mental states in strategic situations,69

researchers studying cognitive and noncognitive skills should include
theory of mind in the set of key skills that they examine, and researchers
69 Initial work in this direction studies the evolution of the ability to understand others’
preferences (Robalino and Robson 2016), while Kimbrough, Robalino, and Robson (2017)
and Gauer and Kuzmics (2020) study learning about others’ preferences in games.
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designing early-life interventions should systematically study the effects
of their interventions on theory-of-mind ability.
Recent theoretical work on bounded rationality and nonequilibrium

thinking seeks tomodel bounds on depth of reasoning (Alaoui and Penta
2016, 2022). By developing specific hypotheses that link theory of mind
and cognitive ability to level k behavior and by confirming experimentally
that these cognitive skills matter for level k thinking, we hope that our
findings will add useful foundations to future theoretical work that ex-
plicitly models how cognitive skills help to drive the beliefs and cognitive
processes that determine depth of reasoning in games.
We find that theory of mind and cognitive ability affect strategic sophis-

tication. Alongside research on how to improve cognitive skills, future
studies should also investigate how to improve strategic skills directly.
For example, Ashraf et al. (2020) find that training the strategic skills of
adolescent girls in developing countries helps them to negotiate better
educational resources from their parents. Furthermore, this type of train-
ing should be tailored to the person’s specific level of theory-of-mind skill
and cognitive ability. It is also important to understand the extent towhich
spurring the type of high-level reasoning involved in strategic decision-
making can feed back into the development of theory of mind and cogni-
tive ability in nonstrategic settings.
TheALSPACbirth-cohort study follows children born in the early 1990s

into young adulthood. Over time, following these participants further
through their lives will allow us and others to build a comprehensive pic-
ture of the roles of theory ofmind and cognitive ability in driving behavior
throughout the life cycle.

References

Agnew, Z. K., K. K. Bhakoo, and B. K. Puri. 2007. “The Human Mirror System: A
Motor Resonance Theory of Mind-Reading.” Brain Res. Rev. 54 (2): 286–93.

Alaoui, L., and A. Penta. 2016. “Endogenous Depth of Reasoning.” Rev. Econ.
Studies 83 (4): 1297–333.

———. 2022. “Cost-Benefit Analysis in Reasoning.” J.P.E. 130 (4): 881–925.
Apesteguia, J., S. Huck, J. Oechssler, E. Weidenholzer, and S. Weidenholzer.

2018. “Imitation of Peers in Children and Adults.” Games 9 (1): 11.
Arad, A., and A. Rubinstein. 2012. “The 11–20 Money Request Game: A Level-k

Reasoning Study.” A.E.R. 102 (7): 3561–73.
Ashraf, N., N. Bau, C. Low, and K. McGinn. 2020. “Negotiating a Better Future:

How Interpersonal Skills Facilitate Inter-generational Investment.” Q.J.E. 135
(2): 1095–151.

Baker, C. A., E. Peterson, S. Pulos, and R. A. Kirkland. 2014. “Eyes and IQ: A
Meta-analysis of the Relationship between Intelligence and ‘Reading the Mind
in the Eyes.’” Intelligence 44:78–92.

Barash, J., I. Brocas, J. D. Carrillo, and N. Kodaverdian. 2019. “Heuristic to Bayes-
ian: The Evolution of Reasoning from Childhood to Adulthood.” J. Econ. Be-
havior and Org. 159:305–22.



cognitive skills and life outcomes 2697
Barcellos, S. H., L. Carvalho, and P. Turley. 2021. “The Effect of Education on the
Relationship between Genetics, Early-Life Disadvantages, and Later-Life SES.”
Working Paper no. 28750, NBER, Cambridge, MA.

Baron-Cohen, S. 2000. “Theory of Mind and Autism: A Fifteen Year Review.” In
Understanding Other Minds: Perspectives from Developmental Cognitive Neuroscience,
2nd ed., edited by S. Baron-Cohen, H. Tager-Flusberg, and D. J. Cohen, 3–20.
Oxford: Oxford Univ. Press.

Baron-Cohen, S., T. Jolliffe, C. Mortimore, and M. Robertson. 1997. “Another
Advanced Test of Theory of Mind: Evidence from Very High Functioning
Adults with Autism or Asperger Syndrome.” J. Child Psychology and Psychiatry
38 (7): 813–22.

Baron-Cohen, S., A. M. Leslie, and U. Frith. 1985. “Does the Autistic Child Have
a ‘Theory of Mind?’” Cognition 21 (1): 37–46.

Baron-Cohen, S., and S. Wheelwright. 2004. “The Empathy Quotient: An Inves-
tigation of Adults with Asperger Syndrome or High Functioning Autism, and
Normal Sex Differences.” J. Autism and Developmental Disorders 34 (2): 163–75.

Battigalli, P., and M. Siniscalchi. 2002. “Strong Belief and Forward Induction
Reasoning.” J. Econ. Theory 106 (2): 356–91.

Bellanti, C. J., and K. L. Bierman. 2000. “Disentangling the Impact of Low Cog-
nitive Ability and Inattention on Social Behavior and Peer Relationships.”
J. Clinical Child Psychology 29 (1): 66–75.

Bénabou, R., and J. Tirole. 2002. “Self-Confidence and Personal Motivation.”
Q.J.E. 117 (3): 871–915.

Benson, J. E., M. A. Sabbagh, S. M. Carlson, and P. D. Zelazo. 2013. “Individual
Differences in Executive Functioning Predict Preschoolers’ Improvement
from Theory-of-Mind Training.” Developmental Psychology 49 (9): 1615–27.

Bereby-Meyer, Y., and S. Fiks. 2013. “Changes in Negative Reciprocity as a Func-
tion of Age.” J. Behavioral Decision Making 26 (4): 397–403.

Bernheim, B. D. 1984. “Rationalizable Strategic Behavior.” Econometrica 52 (4):
1007–28.

Blundell, R., D. A. Green, andW. Jin. 2016. “The UKWage Premium Puzzle: How
Did a Large Increase in University Graduates Leave the Education Premium
Unchanged?” Working Paper no. W16/01, Inst. Fiscal Studies, London.

Borghans, L., B. ter Weel, and B. A. Weinberg. 2014. “People Skills and the
Labor-Market Outcomes of Underrepresented Groups.” Indus. and Labor Rela-
tions Rev. 67 (2): 287–334.

Bosacki, S., and J. W. Astington. 1999. “Theory of Mind in Preadolescence: Rela-
tions between Social Understanding and Social Competence.” Soc. Development
8 (2): 237–55.

Boyd, A., J. Golding, J. Macleod, et al. 2013. “Cohort Profile: The ‘Children of the
90s’—The Index Offspring of the Avon Longitudinal Study of Parents and
Children.” Internat. J. Epidemiology 42:111–27.

Brañas-Garza, P., T. García-Muñoz, and R. Hernán. 2012. “Cognitive Effort in the
Beauty Contest Game.” J. Econ. Behavior and Org. 83 (2): 254–60.

Brocas, I., and J. D. Carrillo. 2020. “Iterative Dominance in Young Children: Ex-
perimental Evidence in Simple Two-Person Games.” J. Econ. Behavior and Org.
179:623–37.

———. 2021. “Steps of Reasoning in Children and Adolescents.” J.P.E. 129 (7):
2067–111.

Brocas, I., J. D. Carrillo, and N. Kodaverdian. 2017. “Altruism and Strategic Giv-
ing in Children and Adolescents.”Manuscript, Univ. Southern California, Los
Angeles.



2698 journal of political economy
Brosig-Koch, J., T. Heinrich, and C. Helbach. 2015. “Exploring the Capability
to Reason Backwards: An Experimental Study with Children, Adolescents,
and Young Adults.” European Econ. Rev. 74:286–302.

Bryant, P., C. Christie, and A. Rendu. 1999. “Children’s Understanding of the Re-
lation between Addition and Subtraction: Inversion, Identity and Decomposi-
tion.” J. Experimental Child Psychology 74:194–212.

Bueno-Guerra, N., D. Leiva, M. Colell, and J. Call. 2016. “Do Sex and Age Affect
Strategic Behavior and Inequity Aversion in Children?” J. Experimental Child
Psychology 150:285–300.

Burks, S., J. Carpenter, L. Goette, and A. Rustichini. 2009. “Cognitive Skills Affect
Economic Preferences, Strategic Behavior, and Job Attachment.” Proc. Nat.
Acad. Sci. USA 106 (19): 7745–50.

Burnham, T., D. Cesarini, M. Johannesson, P. Lichtenstein, and B. Wallace. 2009.
“Higher Cognitive Ability Is Associated with Lower Entries in a p-Beauty Con-
test.” J. Econ. Behavior and Org. 72 (1): 171–75.

Camerer, C., G. Loewenstein, and D. Prelec. 2005. “Neuroeconomics: How Neu-
roscience Can Inform Economics.” J. Econ. Literature 43 (1): 9–64.

Canobi, K., R. Reeve, and P. Pattison. 2002. “Young Children’s Understanding of
Addition Concepts.” Educ. Psychology 22 (5): 513–32.

Carpenter, P., M. A. Just, and P. Shell. 1990. “What One Intelligence Test Mea-
sures: A Theoretical Account of the Processing in the Raven Progressive Matri-
ces Test.” Psychological Rev. 97 (3): 404–13.

Ceci, S. J., and P. B. Papierno. 2005. “The Rhetoric and Reality of Gap Closing:
When the ‘Have-Nots’Gain but the ‘Haves’Gain EvenMore.” American Psychol-
ogist 60 (2): 149–60.

Charernboon, T., and T. Lerthattasilp. 2017. “The Reading the Mind in the Eyes
Test: Validity and Reliability of the Thai Version.” Cognitive and Behavioral Neu-
rology 30 (3): 98–101.

Charness, G., and D. I. Levine. 2007. “Intention and Stochastic Outcomes: An
Experimental Study.” Econ. J. 117 (522): 1051–72.

Charness, G., J. A. List, A. Rustichini, A. Samek, and J. Van de Ven. 2019. “Theory
of Mind among Disadvantaged Children: Evidence from a Field Experiment.”
J. Econ. Behavior and Org. 166:174–94.

Charness, G., A. Rustichini, and J. Van de Ven. 2018. “Self-Confidence and Stra-
tegic Behavior.” Experimental Econ. 21 (1): 72–98.

Chorman, T., and S. Baron-Cohen. 1992. “Understanding Drawing and Beliefs: A
Further Test of the Meta-representation Theory of Mind.” J. Child Psychology
and Psychiatry 33:1105–12.

Clemmensen, L., J. van Os, M. Drukker, et al. 2016. “Psychotic Experiences and
Hyper-Theory-of-Mind in Preadolescence—A Birth Cohort Study.” Psychologi-
cal Medicine 46 (1): 87–101.

Collins, M., and S. Nowicki. 2001. “African American Children’s Ability to Iden-
tify Emotion in Facial Expressions and Tones of Voice of European Ameri-
cans.” J. Genetic Psychology 162 (3): 334–46.

Conti, G., A. Galeotti, G. Mueller, and S. Pudney. 2013. “Popularity.” J. Human
Resources 48 (4): 1072–94.

Corgnet, B., M. Desantis, and D. Porter. 2018. “What Makes a Good Trader? On
the Role of Intuition and Reflection on Trader Performance.” J. Finance 73 (3):
1113–37.

Costa-Gomes, M. A., and V. P. Crawford. 2006. “Cognition and Behavior in
Two-Person Guessing Games: An Experimental Study.” A.E.R. 96 (5): 1737–
68.



cognitive skills and life outcomes 2699
Costa-Gomes, M. A., V. P. Crawford, and B. Broseta. 2001. “Cognition and Behav-
ior in Normal-Form Games: An Experimental Study.” Econometrica 69 (5):
1193–235.

Coyle, T. R., K. E. Elpers, M. C. Gonzalez, J. Freeman, and J. A. Baggio. 2018.
“General Intelligence (g), ACT Scores, and Theory of Mind: (ACT)g Predicts
Limited Variance among Theory of Mind Tests.” Intelligence 71:85–91.

Crawford, V. P., M. A. Costa-Gomes, and N. Iriberri. 2013. “Structural Models
of Nonequilibrium Strategic Thinking: Theory, Evidence, and Applications.”
J. Econ. Literature 51 (1): 5–62.

Croll, P., and D. Moses. 2003. “Special Educational Needs across Two Decades:
Survey Evidence from English Primary Schools.” British Educ. Res. J. 29 (5):
731–47.

Cunha, F., J. J. Heckman, and S. M. Schennach. 2010. “Estimating the Technol-
ogy of Cognitive and Noncognitive Skill Formation.” Econometrica 78 (3): 883–
931.

Czermak, S., F. Feri, D. Glätzle-Rützler, and M. Sutter. 2016. “How Strategic Are
Children and Adolescents? Experimental Evidence fromNormal-FormGames.”
J. Econ. Behavior and Org. 128:265–85.

Danz, D. N., D. Fehr, and D. Kübler. 2012. “Information and Beliefs in a Repeated
Normal-Form Game.” Experimental Econ. 15 (4): 622–40.

Davis, H. A. 2001. “The Quality and Impact of Relationships between Elementary
School Students and Teachers.” Contemporary Educ. Psychology 26 (4): 431–53.

DeAngelo, G., and B. C. McCannon. 2017. “Theory of Mind Predicts Cooperative
Behavior.” Econ. Letters 155:1–4.

Deming, D. J. 2017a. “The Growing Importance of Social Skills in the Labor Mar-
ket.” Q.J.E. 132 (4): 1593–640.

———. 2017b. “The Value of Soft Skills in the Labor Market.” NBER Reporter 4:7–
11.

de Rosnay, M., and C. Hughes. 2006. “Conversation and Theory of Mind: Do
Children Talk Their Way to Socio-cognitive Understanding?” British J. Develop-
mental Psychology 24 (1): 7–37.

Devine, R. T., and C. Hughes. 2018. “Family Correlates of False Belief Under-
standing in Early Childhood: A Meta-analysis.” Child Development 89 (3): 971–
87.

DfES (Department for Education and Skills). 1999. “Education and Training Ex-
penditure since 1989–90.” Nat. Statis. Bull. B10 ( July), Dept. Educ. and Skills,
London.

———. 2002. “Education and Training Expenditure since 1992–93.” Nat. Statis.
Bull. B06 (September), Dept. Educ. and Skills, London.

———. 2004. “Education and Training Expenditure since 1994–95.” Nat. Statis.
Bull. Bweb03 (October), Dept. Educ. and Skills, London. https://webarchive
.nationalarchives.gov.uk/20130323081649///media.education.gov.uk/assets
/files/xls/bweb032004sbppxls.xls.

Dickson, M., P. Gregg, and H. Robinson. 2016. “Early, Late or Never? When Does
Parental Education Impact Child Outcomes?” Econ. J. 126 (596): F184–F231.

Doenyas, C. 2017. “Self versus Other Oriented Social Motivation, Not Lack of
Empathic or Moral Ability, Explains Behavioral Outcomes in Children with
High Theory of Mind Abilities.” Motivation and Emotion 41 (6): 683–97.

Dufwenberg, M., and G. Kirchsteiger. 2004. “ATheory of Sequential Reciprocity.”
Games and Econ. Behavior 47 (2): 268–98.

Estes, D., and K. Bartsch. 2017. “Theory of Mind: A Foundational Component of
Human General Intelligence.” Behavioral and Brain Sci. 40:e201.

https://webarchive.nationalarchives.gov.uk/20130323081649///media.education.gov.uk/assets/files/xls/bweb032004sbppxls.xls
https://webarchive.nationalarchives.gov.uk/20130323081649///media.education.gov.uk/assets/files/xls/bweb032004sbppxls.xls
https://webarchive.nationalarchives.gov.uk/20130323081649///media.education.gov.uk/assets/files/xls/bweb032004sbppxls.xls


2700 journal of political economy
Ewing, D., V. Zeigler-Hill, and J. Vonk. 2016. “Spitefulness and Deficits in the
Social-Perceptual and Social-Cognitive Components of Theory of Mind.” Per-
sonality and Individual Differences 91:7–13.

Falk, A., and U. Fischbacher. 2006. “A Theory of Reciprocity.” Games and Econ.
Behavior 54 (2): 293–315.

Farquharson, C., and L. Sibieta. 2019. “2019 Annual Report on Education
Spending in England: Schools.” Report, Inst. Fiscal Studies, London.

Fehr, E., G. Kirchsteiger, and A. Riedl. 1998. “Gift Exchange and Reciprocity in
Competitive Experimental Markets.” European Econ. Rev. 42 (1): 1–34.

Fort, M., N. Schneeweis, and R. Winter-Ebmer. 2016. “Is Education Always Reduc-
ing Fertility? Evidence fromCompulsory Schooling Reforms.” Econ. J. 126 (595):
1823–55.

Fraser, A., C. Macdonald-Wallis, K. Tilling, A. Boyd, J. Golding, G. Davey Smith,
J. Henderson, et al. 2013. “Cohort Profile: The Avon Longitudinal Study of
Parents and Children: ALSPAC Mothers Cohort.” Internat. J. Epidemiology 42:
97–110.

Gauer, F., and C. Kuzmics. 2020. “Cognitive Empathy in Conflict Situations.”
Internat. Econ. Rev. 61 (4): 1659–78.

Geng, S., Y. Peng, J. Shachat, and H. Zhong. 2015. “Adolescents, Cognitive Abil-
ity, and Minimax Play.” Econ. Letters 128:54–58.

Georganas, S., P. J. Healy, and R. A. Weber. 2015. “On the Persistence of Strategic
Sophistication.” J. Econ. Theory 159:369–400.

Gill, D., and V. Prowse. 2016. “Cognitive Ability, Character Skills, and Learning to
Play Equilibrium: A Level-k Analysis.” J.P.E. 126 (4): 1619–76.

Goleman, D. 1995. Emotional Intelligence. New York: Bantam.
———. 1998. “What Makes a Leader?” Harvard Bus. Rev. (November/Decem-

ber): 93–102.
Goodfellow, S., and S. Nowicki. 2009. “Social Adjustment, Academic Adjustment,

and the Ability to Identify Emotion in Facial Expressions of 7-Year-Old Chil-
dren.” J. Genetic Psychology 170 (3): 234–43.

Gray, J., and P. Thompson. 2004. “Neurobiology of Intelligence: Science and
Ethics.” Nature Rev. Neuroscience 5:471–82.

Gummerum, M., and M. T. Chu. 2014. “Outcomes and Intentions in Children’s,
Adolescents’, and Adults’ Second- and Third-Party Punishment Behavior.”
Cognition 133 (1): 97–103.
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