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Abstract 
 

We investigate how childhood cognitive skills affect strategic sophistication and adult 

outcomes. In particular, we emphasize the importance of childhood theory-of-mind as a 

cognitive skill. We collected experimental data from more than seven hundred children in a 

variety of strategic interactions. First, we find that theory-of-mind ability and cognitive abil- 

ity both predict level-k behavior. Second, older children respond to information about the 

cognitive ability of their opponent, which provides support for the emergence of a sophis- 

ticated strategic theory-of-mind. Third, theory-of-mind and age strongly predict whether 

children respond to intentions in a gift-exchange game, while cognitive ability has no influ- 

ence, suggesting that different measures of cognitive skill correspond to different cognitive 

processes in strategic situations that involve understanding intentions. Using the ALSPAC 

birth-cohort study, we find that childhood theory-of-mind and cognitive ability are both asso- 

ciated with enhanced adult social skills, higher educational participation, better educational 

attainment, and lower fertility in young adulthood. Finally, we provide evidence that school 

spending improves theory-of-mind in childhood. 
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1 Introduction 
 

Cognitive skills vary widely across the population and ability gaps open up 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 prac- 

tice psychologists measure the theory-of-mind ability of adults and children by their ability to 

correctly infer or understand others’ mental states (we provide a detailed description of the con- 

cept of theory-of-mind from the psychology literature in Section 2.1). 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 neuro- 

scientists (a Google Scholar search for “theory of mind” returns nearly half a million results). 

Estes and Bartsch (2017) argue that, together with language, theory-of-mind accounts for supe- 

rior human general intelligence, and conclude that “our greatest accomplishments must rest on 

our basic capacity to imagine and recognize the variations and vulnerabilities of human cognitive 

states.” Despite this interest, we know little about how theory-of-mind affects economic behav- 

ior. Instead, psychologists have focused on the development of theory-of-mind ability through 

childhood (see Stone et al., 1998, for a summary; Henry et al., 2013’s meta-analysis compares 

theory-of-mind ability in young and old adults) and on the relationship between theory-of-mind 

deficits and psychiatric disorders such as autism (e.g., Baron-Cohen et al., 1985). 

We begin by developing a detailed conceptual framework in which childhood theory-of-mind 

and cognitive ability are skills that affect strategic sophistication, social skills in adulthood, 

and life outcomes such 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 only very modestly, related to pro-social preferences and 

behaviors such as altruism, empathy or reciprocity. 

We then test hypotheses that flow from this conceptual framework using a rich birth-cohort 

study that follows thousands of participants from childhood into young adulthood, and using 

experimental data from more than seven hundred 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 undergoes significant development 

in early to middle childhood (e.g., Stone et al., 1998), primary-school spending might be of 

particular importance in helping children to 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 encompasses fluid intelligence, which is the ability 

to use logical reasoning to solve new problems, and crystallized intelligence, which includes 

acquired knowledge and verbal skills (e.g., Carpenter et al., 1990). We collected experimental 

data from five schools in Spain and measured the theory-of-mind ability and cognitive ability 
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of children ranging from age five to age twelve. Our birth-cohort data come from the Avon 

Longitudinal Study of Parents and Children (ALSPAC), which measured the theory-of-mind 

ability and cognitive ability at age eight 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 developing strategic skills has been recognized by 

educational programs that emphasize strategic ability, such as Accelium that develops think- 

ing abilities and life skills through strategy skills.1 Our experimental data shed light on how 

childhood cognitive skills influence strategic sophistication, providing three main results. 

First, we find that theory-of-mind and cognitive ability both predict level-k behavior (see 

Crawford et al., 2013, for a survey on level-k thinking). In a competitive game designed to 

trigger level-k thinking, 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 dataset). Similarly, we find that cognitive ability and age also predict level-1 behavior. 

Second, we find that children respond to information about the cognitive 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 eight to twelve 

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 correspond to different cognitive processes in 

strategic situations that involve the understanding of intentions. 

Next, we turn to the ALSPAC birth-cohort study. To analyze how childhood cognitive skills 

affect adult outcomes, we regress the outcome of interest on theory-of-mind ability and cognitive 

ability at age eight 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 eight is 

associated with enhanced adult social skills, higher educational 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 do 

find evidence that workers with better theory-of-mind 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 the United 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 

 
1Accelium (previously called Mind Lab; www.accelium.com) is integrated into the school curriculum; to date, 

over four million students from around the world have participated in Accelium programs. 
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differences: the effects of cognitive ability on education are larger in magnitude than those of 

theory-of-mind; and cognitive ability is associated with higher wages. 

Finally, we use the ALSPAC data to provide evidence that primary-school spending can 

improve theory-of-mind ability in childhood, with the positive effect of school spending concen- 

trated among advantaged students (as measured by 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 Authorities (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 improves 

cognitive ability. 

What is fundamentally new in our paper is a conceptual and empirical investigation of the 

role that childhood theory-of-mind plays as a cognitive skill that helps to explain life outcomes 

and the development of strategic sophistication. The paper also contrasts the role of theory- 

of-mind to that of cognitive ability, both theoretically and empirically. We are not aware of 

existing work that undertakes the same exercise, and our findings underscore the importance of 

theory-of-mind as a cognitive skill that is distinct from cognitive ability. 

Our experimental data provide new insights into the crucial role of theory-of-mind in the de- 

velopment of strategic sophistication in childhood. For example, our experimental data provide 

evidence that theory-of-mind predicts whether children can respond to intentions in strategic 

situations, while cognitive ability matters little in this context. In conjunction with our concep- 

tual framework (which explains how theory-of-mind and cognitive ability link differently to steps 

of reasoning in strategic environments), this novel analysis provides original insights into how 

conceptually different cognitive skills influence economic behavior differently. Our complemen- 

tary analysis of strategic sophistication using the level-k framework also provides new insights 

about the importance of childhood theory-of-mind. 

Turning to our novel 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 knowledge, ALSPAC is the only birth-cohort study to 

have measured both theory-of-mind in children and adult outcomes, and the participants only 

recently reached young adulthood. Our paper also provides the first evidence about the impact 

of school spending on children’s theory-of-mind. Together, our findings highlight the feasibility 

and potential benefits of interventions in childhood that target improvements in theory-of-mind. 

Our results complement a number of important literatures. First, we complement existing 

work on childhood interventions that aim to improve cognitive skills (see Heckman and Kautz, 

2014, for a summary):2 our conceptual framework clarifies the mechanisms by which improve- 

ments in childhood cognitive skills might translate into life outcomes and highlights the impor- 

tance of theory-of-mind; our empirical results help to quantify the importance of these skills; 

and our findings on the effects of school spending provide new evidence about how cognitive 

skills can be improved. 

Second, we complement recent research on bounded rationality and non-equilibrium thinking 

(see the survey by Crawford et al., 2013). In particular, we add empirical foundations to new 
 

2Heckman (2006) and Heckman and Kautz (2014) survey childhood interventions that aim to improve cognitive 
and non-cognitive skills. As emphasized by Cunha et al. (2010), cognitive skills are most malleable at a young 
age. 
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theoretical work that seeks to model bounds on depth of reasoning (Alaoui and Penta, 2016, 

2018): 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 (2016)’s 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 comple- 

ments existing work in psychology that trains children to improve their theory-of-mind. These 

training interventions are designed specifically to improve theory-of-mind ability measured shortly 

after the intervention. Based on a meta-analysis of nearly fifty 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.3,4 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 prior work that investigates how 

psychometric measures of theory-of-mind and cognitive ability predict the strategic behavior of 

children in competitive games, although a handful of papers study related questions (Steinbeis 

et al., 2012; Sher et al., 2014; Geng et al., 2015; Czermak et al., 2016).5 By contrast, economists 

and psychologists have begun to investigate how age influences strategic behavior in competitive 

games (Perner, 1979; Sher et al., 2014; Brosig-Koch et al., 2015; Czermak et al., 2016; Brocas 

and Carrillo, 2021; Brocas and Carrillo, forthcoming).6 

We are not aware of existing work that studies how children respond to information about 

the cognitive ability (or theory-of-mind) of their opponent 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.7,8 

Despite an extensive literature in psychology that investigates how children’s understanding 

of intentions affects their moral judgments (e.g., Zelazo et al., 1996), we are not aware of any pa- 

pers that investigate 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.9 By contrast, economists and psychologists have studied how the importance 

of intentions changes with age (Sutter, 2007; Güroğlu et al., 2009, 2011; Bereby-Meyer and Fiks, 

2013, Gummerum and Chu, 2014; Bueno-Guerra et al., 2016; Sul et al., 2017).10 
 

3See Web Appendix I.1 for details of such theory-of-mind interventions. 
4Our finding that the effect 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 socio-economic 
status (SES) (see Charness et al., 2019, and the meta-analysis of Devine and Hughes, 2018). 

5 See Web Appendix I.2 for details. 
6 See Section 4.6 for a review of this literature, and see Web Appendix I.3 for a review of the literature on 

how children cooperate and coordinate in strategic games. 
7See Web Appendix I.4 for a description of related work that studies how adults respond to information about 

their opponent’s experience. 
8In a sample of adults, Gill and Prowse (2016) focuses 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 theory-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 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). 

9Autistic children tend to suffer from impaired theory-of-mind (Baron-Cohen et al., 1985). Using a sample of 

autistic and non-autistic 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. 

10 See Web Appendix I.5 for a discussion of how to measure intentions and reciprocity. 
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The focus of our experiment is on how observable cognitive skills influence strategic sophis- 

tication in children. Sutter et al. (2019)’s review of experiments on children in economics cites a 

small literature that studies rational choice in children in non-strategic settings (Harbaugh et al., 

2001; Apesteguia et al., 2018; Barash et al., 2019); we describe that literature in Web Appendix 

I.6. Our findings complement existing research on the relationship between cognition and the 

behavior  of  adults  in  strategic  settings  (e.g.:  Burnham  et  al.,  2009;  Brañas-Garza  et  al.,  2012; 

Georganas et al., 2015; Gill and Prowse, 2016; Ridinger and McBride, 2017; Corgnet et al., 2018; 

Proto et al., 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 et al. 

(2019) study cooperation. We are not aware of papers that study whether the theory-of-mind 

or cognitive ability of adults predicts their response to intentions in strategic situations. 

The paper proceeds as follows: Section 2 develops our conceptual framework; Section 3 de- 

scribes the experimental design; Section 4 presents results from the competitive games; Section 5 

presents results from the gift-exchange game; Section 6 presents results from the ALSPAC data; 

and Section 7 concludes. The Web Appendix includes further details. 

 

2 Conceptual framework 
 
2.1 Introduction to the conceptual framework 

We start by developing a conceptual framework that helps us to understand how cognitive skills 

affect economic behavior and to place our empirical findings in a broader context. In this con- 

ceptual framework, childhood theory-of-mind and cognitive ability are skills that affect strategic 

sophistication, social skills in adulthood, and life outcomes such as educational attainment, 

fertility and labor market behavior. Theory-of-mind has attracted enormous attention from de- 

velopmental and social psychologists, as well as from cognitive neuroscience; as noted by Kidd 

and Castano (2013): “the capacity to identify and understand others’ subjective 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 (1978)’s study of chimpanzees introduced the concept of theory-of- 

mind by positing that “an individual has a theory of mind if he imputes mental 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 et al., 2007), and people 

use theory-of-mind to interpret others’ behavior through the prism of beliefs about their mental 

states (e.g., Robalino and Robson, 2012, Estes and Bartsch, 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 used by Kidd and Castano, 

2013), and we follow that tradition. Agnew et al. (2007) nicely summarize the meaning of 

theory-of-mind in the psychology literature as “the knowledge that other animals have mental  
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states which may differ from our own; and the ability to infer what these internal states 

may be.”11 

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 tasks measure the ability to correctly infer or understand the mental 

states of others. Stone et al. (1998) categorize theory-of-mind as a “cognitive function,” while 

Saxe et al. (2004) call it a “special domain of cognition.” According to Wimmer and Perner 

(1983), who developed the false-belief test of theory-of-mind, understanding another 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 only very modestly, related to pro-social 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 

literature in Web Appendix I.9). 

Although we categorize theory-of-mind as a cognitive skill, theory-of-mind differs from cog- 

nitive 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 knowledge and verbal skills) (see 

in particular Gray and Thompson, 2004, Box 1). Evidence from psychology and neuroscience 

supports this distinction between theory-of-mind and cognitive ability. Camerer et al. (2005) and 

Mahy et al. (2014) review the neuroscientific evidence for a specialized theory-of-mind module in 

the brain. From a behavioral perspective, Stone et al. (1998) emphasize: (i) the particular devel- 

opmental sequence of theory-of-mind in childhood; and (ii) evidence that various developmental 

disorders affect theory-of-mind and cognitive ability differently (as we discuss in Web Appendix 

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. (2013)’s meta-analysis finds that theory-of-mind ability deteriorates more rapidly in 

old age than performance on matched control tasks that measure cognitive ability. Finally, our 

own data (and data from the literature) show a low correlation between theory-of-mind ability 

and cognitive ability (see Section 3.2.3, Section 6.2.3 and footnote 28). 

An important function of theory-of-mind is to help predict the behavior 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 ability to link incentives and mental 

attitudes to forecast behavior. Focusing on strategic interactions, in Section 2.2 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. 
 

11In Web Appendix I.7 we provide further discussion of Premack and Woodruff (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 
the mental states of others), as opposed to a lack of cognitive ability; we discuss this evidence in Web Appendix I.8. 
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Before linking theory-of-mind and cognitive ability to specific behaviors and outcomes, we 

emphasize that in our conceptual framework theory-of-mind operates as a skill and not through 

preferences. Data from the existing literature and data from our gift-exchange game show that 

theory-of-mind is not, or only very modestly, related to pro-social preferences and behaviors such 

as altruism, empathy or reciprocity: we review this evidence in Web 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, Doenyas, 2017, DeAngelo and McCannon, 

2017).12 Finally, we note that the existing literature finds that theory-of-mind and cognitive 

ability show a substantial degree of persistence: we review this evidence in Web Appendix III. 

 
2.2 Strategic sophistication 

Strategic sophistication matters because people constantly engage in strategic interactions with 

others inside and outside the workplace.13 Strategic skills can be used to cooperate successfully 

with others, for example by sustaining longterm relationships and reputation built on trust, 

or by helping people to work well together in teams. Strategic skills also have 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, we measure strategic ability in 

children up to age twelve; existing literature together with some of our results suggest that 

strategic sophistication emerges by age twelve (see Section 4.6), 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 to- 

gether with that of others with whom she interacts. Following Costa-Gomes et al. (2001), we 

define strategic 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.14 The cognitive reasoning that underpins strategic so- 

phistication involves understanding the payoff structure of the interaction, forming beliefs about 

how others choose based on the incentives that they face, and choosing well given those beliefs. 

Costa-Gomes et al. (2001) note that traditional game theory takes strategic sophistication to 

be unlimited, while evolutionary game theory and adaptive learning models take strategic so- 

phistication 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 (see Crawford et al., 2013, for a survey).15 

 
 

12Talwar and Lee (2008) find that three- to eight-year-olds with better theory-of-mind lie more. Surveying the 
literature, Doenyas (2017) concludes that children with high theory-of-mind 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 prisoners’ dilemma game. 

13Goleman (1995, 1998) stresses the importance of emotional intelligence for success inside and outside the 

workplace. In Web Appendix I.10 we discuss the relationship between Goleman (1995)’s concept of emotional 
intelligence and strategic sophistication. 

14Web Appendix I.11 provides the supporting quote from Costa-Gomes et al. (2001). 
15In game theory, a “rational” agent is one who best-responds to her beliefs (which, however, 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 sophisticated agents do not have to believe that others are 
rational, and so there is no clear connection between strategic sophistication and common knowledge of rationality 
(Bernheim, 1984) or strong belief in rationality (Battigalli and Siniscalchi, 2002). 
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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 strategically unsophisticated or “naive” (level-0) agents choose a 

salient and instinctive action that does not require strategic thinking, while more sophisticated 

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-respond to others being the level-1 type, and so on).16 

Second, in the same setting, we study whether subjects exhibit strategic sophistication by using 

information about their opponent (namely about their opponent’s cognitive ability) that can 

help to predict their opponent’s behavior. Third, in a gift-exchange game we study whether 

subjects show strategic sophistication by taking into account the intentions of the subject that 

they are matched with, which requires subjects to understand how the other subject 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 strategic interactions, 

theory-of-mind helps to understand how others perceive the strategic environment, how oth- 

ers think about how you might behave, how others think about what you think about how 

they will behave, and so on. This type of iterative thinking plays a crucial role in many game- 

theoretic models because it underpins belief formation and facilitates successful behavior in 

strategic interactions (e.g., see Robalino and Robson, 2012). 

Cognitive ability helps to reason logically and systemize new information. In strategic situa- 

tions, cognitive ability helps to understand the structure of the game, such as the rules and the 

payoff consequences of actions. 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 theory because success in strategic interactions depends on this ability. 

We expect that theory-of-mind and cognitive ability both help to explain behavior in the 

competitive games that we study. As we explain in Section 4.1, the game structure is designed 

to trigger level-k non-equilibrium thinking. Alaoui and Penta (2016) develop a theoretical model 

to study behavior in this type of game, in which each step of reasoning incurs 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 cognitive ability and theory-of-mind. In 

Alaoui and Penta (2016)’s 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.17 

In Section 4.1 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. 

 
16Other papers that also use the level-k or cognitive hierarchy model to study strategic sophistication include, 

e.g., Danz et al. (2012), Lindner (2014), Georganas et al. (2015) and Hortaçsu et al. (2019). 
17Formally, 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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By contrast, we expect that theory-of-mind plays a relatively more important 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 particular, second-order beliefs 

matter: to understand the allocator’s intentions, 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 5 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 allocator’s 

intentions. 

 
2.3 Social skills 

Social skills matter because interpersonal relationships are crucial to labor market success (e.g., 

Conti et al., 2013) and to well-being outside of the 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 analytical skills. We 

define social skills as the ability to build and maintain positive interpersonal relationships, which 

in turn helps people to function 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.18 

We expect that childhood theory-of-mind ability helps children to develop social skills that 

persist into adulthood. Children that understand better the mental states of others can build 

more durable social relationships by responding appropriately to the emotions and beliefs of 

others. For example, theory-of-mind can help children to avoid and resolve interpersonal 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 

expectations. And, as noted in Section 2.2, children with better theory-of-mind can direct 

behaviors such as reciprocity according to others’ intentions or other appropriate social cues. 

As Stone et al. (1998) put it, theory-of-mind seems to be a “modular cognitive capacity that 

underlies humans’ ability to engage in complex social interaction.” 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).19 

The theoretical link between cognitive ability and social skills is less obvious, but we expect 

any effect to be positive.   People with lower reasoning ability might struggle to understand 

the subtle rules and norms that underpin social interactions, limiting their ability to acquire 

social skills. Indeed, Bellanti and Bierman (2000) argue that children with delays in cognitive 

development have difficulty understanding the rules of group play. Furthermore, people who 

 
18Our definition of social skills is closely related to Borghans et al. (2014) 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) conceptualizes social skills as the “ability to work with others” by trading tasks. 

19The psychology literature suggests that theory-of-mind is not just a proxy for social skills because theory- of-
mind plays a fundamental role in developing and underpinning social skills; see Web Appendix I.12. 
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struggle to acquire knowledge or verbal skills might be less interesting or useful to others, again 

limiting opportunities to develop social skills. 

 
2.4 Education 

We expect that theory-of-mind promotes learning and educational attainment. 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 internal content of teachers’ minds and that 

theory-of-mind helps children to learn by allowing them to recognize the pedagogical motives 

of teachers. Ziv et al. (2008) find that five-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 children 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- 

tion 2.3). Children who get on well with their teachers might be rewarded with more individual 

attention, and children who get on well with other children might learn more from their peers. 

Davis (2001) argues that education is fundamentally interpersonal 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 et al. (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 intentions. 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 concepts, and systemizing new information. Children with higher crystallized 

intelligence have been able to acquire more useful knowledge and better verbal skills. All of 

these abilities link directly to higher educational attainment. 

 
2.5 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. 

First, we expect that theory-of-mind and cognitive ability reduce fertility in early adulthood 

via their effects on educational attainment (see Section 2.4). A number of studies find causal 

evidence that education delays motherhood, although the effect on fertility over the life cycle 

is inconclusive (see Fort et al., 2016, for a review of the literature, and for evidence from the 

United Kingdom that education reduces total fertility). 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. 
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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 fertility. 

On the other hand, understanding children better might increase the desire to raise and nurture 

offspring. Similarly, there is no clear direct effect 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 Section 2.3) are also ambiguous. Better social skills might increase the 

probability of finding a high quality partner. On the other hand, better social skills might 

increase the value of leisure activities not related to child-rearing. 

 
2.6 Labor market behavior 

We expect that theory-of-mind and cognitive ability affect labor market behavior via their 

effects on strategic sophistication, social skills, educational attainment and fertility, which we 

discussed in Sections 2.2 to 2.5. 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 increasingly 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 strategic 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 competitions, 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. 

 

3 Experimental design 
 
3.1 Overview of the experimental design 

The experiment was conducted during the first half of 2016 at five schools in Santander (Spain). 

Web Appendix IV provides the experimental instructions. The subjects were children between 

the ages of five and twelve inclusive whose parents provided written consent. Primary Institu- 

tional Review Board (IRB) approval was obtained from the University of Strathclyde. In total, 

our sample consists of 730 subjects (377 boys and 352 girls)20: Table 1 describes the distribution 

of subjects by school and age. 

 
 
 
 
 
 
 

20One subject did not report their gender. 
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School 
Age 

Total 
 
 
 
 
 
 
 
 
 
 

 

Notes: We define a subject’s age to be her age in years on the date that the subject completed the cognitive 
ability and theory-of-mind tests. We selected subjects by academic year, not age, and so the sample includes 
some twelve-year-olds who were the older segment of the oldest academic-year cohort. 

Table 1: Distribution of subjects by school and age. 

 
The experiment was divided into three phases. In phase 1 subjects completed psychometric 

tests to measure 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 anonymous. Phase 1 and phase 2 were 

separated by about eight weeks, while phase 3 immediately followed phase 2.21 

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 euros. There was no show-up fee. Subjects earned an average of fifty- 

five tokens. Web Appendix V.1 provides further details about the payment protocols. 

Subjects were given seven-inch electronic tablets to complete all the tasks. The experimental 

instructions were read aloud, with explanations supported by projections of decision screens. We 

collected data from the experimental games in sessions with an average size of ten children. We 

randomly allocated children to a session that included children only 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 conducted 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. The matching procedures for 

each game are described in detail in Sections 3.3.2 and 3.4.22 

 
 
 

21Our 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. 

22Web Appendix V.2 describes the experimental software and configuration of the portable lab. Web Appendix 
V.3 describes three small pre-intervention pilots. We also collected information from the children about their social 

network and from teachers about the children’s social competence (using the Social Competence questionnaire 
from Nettle and Liddle, 2008) that we have not yet analyzed. Finally, we attempted to collect a questionnaire 
from parents, but the completion rate was low. 

 5 6 7 8 9 10 11 12  

 
1 

  
26 

 
36 

 
50 

 
27 

 
31 

 
45 

 
33 
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253 
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4  7 7 8 2 7 11 9 0  51 
5  13 14 11 21 21 19 19 3  121 

 
Total 

 
84 
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110 

 
111 

 
100 

 
125 

 
84 

 
13 

 
730 
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3.2 Phase 1:  Psychometric tests 

In phase 1 subjects completed a theory-of-mind test followed by a cognitive ability test. Following 

the convention in the psychometric literature, these tests were not incentivized. 

 
3.2.1 Theory-of-mind test: Imposing Memory Task 

 

We describe the concept of theory-of-mind in Section 2.1: as we explain there, we measure the 

theory-of-mind ability of our subjects by their ability to correctly infer or understand the mental 

states of others. The psychology 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 et al. (1998), the Imposing Memory Task (IMT) measures first- 

order 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-of-mind ask 

about a character’s mental state (e.g., about what that character believes about an event or 

the location of an object, or 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.23 

Subjects in our experiment completed an IMT designed specifically for children (Liddle and 

Nettle, 2006). Each story includes two questions that measure theory-of-mind. For children 

under the age of nine, we used the first and fourth stories from Liddle and Nettle (2006), which 

measure up to third-order theory-of-mind. For children aged nine years and older, we also 

used the second story, which measures up to fourth-order theory-of-mind.24 Table A.24 in Web 

Appendix XIII provides the distribution of IMT scores by age. 

 
3.2.2 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 involving new information, without relying 

extensively on an explicit base of declarative knowledge” (Carpenter et al., 1990). After the 

theory-of-mind test, subjects completed a Raven’s Progressive Matrices test of cognitive ability 

(Raven et al., 2000b). The Raven test consists of non-verbal multiple-choice questions and is 

recognized as a leading measure of analytic or fluid intelligence (Carpenter et al., 1990; Gray 

 
 
 
 
 

 
23Scores 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 (Kinderman et al., 1998; Nettle and Liddle, 2008). 

24Perner and Wimmer (1985) and Wellman et al. (2001) study the development of theory-of-mind in children. 
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and Thompson, 2004).25 The Raven test correlates strongly with general cognitive ability g.26 

Specifically, the Raven test consists of a series of visual patterns with a missing element. In each 

case, subjects have to identify (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 eight, we used the Coloured Progressive Matrices test, which consists of thirty- 

six questions split across three sets of increasing difficulty. For children aged eight years and 

older, we used the Standard Progressive Matrices test, which consists of sixty questions split 

into fives sets of increasing difficulty. Following convention (Raven et al., 2000b), no time limit 

was imposed.27 Table A.25 in Web Appendix XIII provides the distribution of Raven test scores 

by age. 

 
3.2.3 Age-standardization and correlation of test scores 

 

We standardize psychometric test scores within age group to separate cleanly the effect of age 

from the effect of within-cohort variation in cognitive skills. As described in the notes to Table 1, 

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 (five to twelve), 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.28 

 
3.3 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 variant of Arad and Rubinstein (2012)’s 11-20 

Money Request game. As described in Section 4.1, the game structure was designed by Arad and 

Rubinstein (2012) to trigger level-k thinking. To study the subjects’ initial behavior in the game 

 

25According to Carpenter et al., 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; for example, Raven test scores have been found to correlate positively with fewer Bayesian updating 

errors (Charness et al., 2018), with more accurate beliefs (Burks et al., 2009) and with success in the p-beauty 
contest for adult populations (Gill and Prowse, 2016). 

26Gray and Thompson (2004, Box 1) explain that scores on various tests of cognitive ability “can be factor- 
analysed to give g, a single summary measure of cognitive ability.” The circle diagram in Gray and Thompson 
(2004, 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. 

27Phase 1 never lasted more than fifty-five minutes. 
28Summarizing this literature, Warrier and Baron-Cohen (2018) 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 to 0.25 between college entrance math scores 
and different types of theory-of-mind tests. The meta-study by Baker et al. (2014) of seventy-seven 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 meta-study by Murphy and Hall (2011) finds a correlation of 0.22 between 
performance in emotion-recognition tasks and intelligence. Consistent with these findings, Clemmensen et al. 
(2016)’s recent study of 1,600 Danish eleven- and twelve-year-olds found a modest but statistically significant 
correlation between a measure of theory-of-mind and cognitive ability. 
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without any repeated game effects or learning from experience, we randomly rematched subjects 

and gave subjects no feedback about their performance during the course of the experiment. 

At the beginning of phase 2 subjects were told how the games would be incentivized using 

tokens (see the third paragraph of Section 3.1 and Web Appendix V.1 for details). The ex- 

perimenter 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 experimenter explained how subjects could make decisions using 

the computer interface. Finally, subjects repeatedly played the 1-6 Token Request game. 

 
3.3.1 Rules of the 1-6 Token Request game 

 

The rules of the game were read to the children as follows, and were repeated multiple times 

throughout the experiment:29 

Your partner and you are going to ask for an amount of tokens. The amount must be between 

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 compared to Arad and Rubinstein (2012)’s 11-20 Money 

Request game to aid the understanding of the game by our younger subjects.30,31 

Just as in Arad and Rubinstein (2012)’s 11-20 Money Request game, the 1-6 Token Request 

game has no pure-strategy Nash equilibrium. Web Appendix VI describes the unique symmetric 

mixed-strategy Nash equilibrium for risk-neutral players (Table A.2) and provides proofs. 

 
3.3.2 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 Request game against a randomly selected anonymous 

opponent from the same school, who could be of any age between five and twelve (random re- 

matching). This was explained to the subjects, and thus all subjects shared the same information 

about the strategic sophistication of their opponent.32 

 
 
 
 

29The 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 pre-intervention pilots 
(Web Appendix V.3) it became apparent that the youngest children did not understand the meaning of the word 
‘additional’. Thus we modified the wording of the game for the sake of clarity. 

30There is evidence that children develop a basic understanding of counting before the age of four and a basic 

understanding of addition and subtraction before the age of five (Wynn, 1990; Bryant et al., 1999; Canobi et al., 
2002). 

31To clarify the rules of the game, subjects were presented with hypothetical scenarios. In each scenario, the 

children were asked how may tokens each player would receive and which player, if any, received the ten additional 
tokens. After hearing their responses, the experimenter further explained in detail the allocation of tokens in each 
scenario. See the experimental instructions in Web Appendix IV for further details. 

32Therefore, subjects were matched within school and not within session, and we explained to the subjects 
that often their opponent was not in the same room. 
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Raven game 
 

Subjects played the ‘Raven game’ a single time. In the Raven game, subjects played the 1-6 

Token Request game against a randomly selected anonymous opponent from the same academic 

year, and this was explained to the subjects.33 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).34,35 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 learning process). 

 
Order of play 

 

Table A.26 in Web Appendix XIII 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 uniform randomly: this ‘Computer game’ is described in Web Appendix V.4, with 

results reported in Web Appendix XIII (Tables A.30 to 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.36 

 
 
 
 
 

 
33Subjects were matched within session, and we explained to the subjects that their opponent was in the same 

room. On average, sessions included ten 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. 

34The 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 remember 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 partner is in the high 
or low score group [show in each player’s tablet].” 

35Children were categorized according to whether their Raven test score was above or below the mean for 

children of the same age in the same school. The small number of children exactly at the mean were placed in 
the below-mean category. 

36The 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 order was balanced in terms of age, age- 

standardized theory-of-mind ability, age-standardized cognitive ability, gender and school. A χ-squared 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 = 0.365. The χ-squared test is based on the results of a probit regression of an indicator for order X on 

an intercept and the five characteristics. 
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3.4 Phase 3: Gift-exchange game 

In phase 3 subjects played the ‘Gift-exchange game’ a single time. Subjects were matched with 

a randomly selected anonymous partner from the same academic year, and this was explained 

to the subjects.37 The currency in this game were ‘super-tokens’ worth four normal tokens.38 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 splitting a pie of ten super-tokens. After finding out 

the split chosen by the allocator, the receiver chose whether or not to give one super-token back 

to the allocator.39 

Figure 1 shows the game tree. In Treatment A, the allocator chose between taking 8 super- 

tokens (and thus giving 2 to the receiver) or taking 5 super-tokens (and giving 5 to the receiver). 

In Treatment B, the allocator chose between taking 2 super-tokens (and thus giving 8 to the 

receiver) or taking 5 super-tokens (and giving 5 to the receiver). In total, we have 390 subjects 

in Treatment A and 340 subjects in Treatment B.40 Of the 730 subjects, 345 were allocators, 

while 385 were receivers.41 

The game is designed to measure how subjects respond to intentions. The theory that un- 

derlies 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 (2006)’s survey evidence that the 

perceived intentions of an allocator depend on the set of unchosen or foregone alternatives.42 In 

particular, across treatments we will compare the decision of receivers after receiving 5 super- 

tokens (right-hand-side decision node in Figure 1). At that node, in the two treatments the 

receiver has been given the same number of super-tokens and her choice has the same distri- 

butional consequences. However, receivers who like to reciprocate and who take into account 

the intentions of the allocator are more likely to give back a super-token in Treatment A, since 

the allocator in that treatment sacrificed the option of taking 8 super-tokens in order to select 

the even split, while in Treatment B the even split is more advantageous to the allocator than 

her alternative option of taking 2 super-tokens. Importantly, a selfish allocator has a strictly 

dominant strategy (in Treatment A taking 8 super-tokens, and in Treatment B taking 5 super- 

tokens), and so choosing the even split in Treatment A is unambiguously generous (in the sense 

that the allocator is giving up money for sure).43 

 
 
 

37Just like 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. 

38Super-tokens were given a different color to distinguish them from normal tokens. 
39Subjects were told only the total number of tokens that they accumulated in the experiment. Thus allocators 

were not told whether their matched receiver gave them a super-token. 
40The 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 reported in footnote 36 also applies to the 
allocation to treatment. As noted in footnote 36, all of the children in the smallest school were allocated to the 
same randomly chosen order (X) / treatment (A), which explains why we have more subjects in Treatment A. 

41On average, sessions included ten children. When there was an odd number of children 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. 

42Fehr et al. (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. 

43By contrast, in the ultimatum game a selfish proposer needs to consider how the receiver will respond to his 

offer, and thus apparently generous offers can be strategic. 
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Figure 1: Gift-exchange game. 

Take 2 Take 5 

Receiver Receiver 

Give 0 Give 1 Give 0 Give 1 

Take 8 Take 5 

Receiver Receiver 

Give 0 Give 1 Give 0 Give 1 
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4 Results from the competitive games 
 
4.1 Using the level-k model to analyze behavior in the competitive games 

We use the level-k model of non-equilibrium thinking (Nagel, 1995; Stahl and Wilson, 1995) 

to analyze strategic behavior in the 1-6 Token Request game.44 The level-k model is based 

on cognitively simple iterated reasoning: in the level-k hierarchy of types, the level-0 type is 

strategically unsophisticated, the level-1 type best-responds to others being the unsophisticated 

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 repeated game effects 

or learning from experience (as explained in Section 3.3, 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 evidence supports 

the use of simpler level-k rules of thumb (Costa-Gomes and Crawford, 2006; Crawford et al., 

2013).45 Furthermore, 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-respond to others being 

the level-(k − 1) type depends on the assumption that the incentive to compete dominates 

any incentive to cooperate. The design of the game structure induces competition as a 

predominant incentive. In that sense, the game is “competitive.”46 

• 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 6 by the strategically unsophisticated 

level-0 type: this choice is instinctive, salient and guarantees a payoff of six in the absence 

of strategic thinking. 

• The best-response calculation of each level-k > 0 type is straightforward: the level-1 type 

best-responds to the level-0 type’s choice of 6 by choosing 5, the level-2 type best-responds 
 

44Gill 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 Crawford et al. (2013) for a survey of 
applications of the level-k model. 

45Conceptually, 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 distinguish level-k thinking from iterated 

dominance reasoning, and find that level-k thinking predominates. 
46First, only one of the two players can earn the ten-token bonus, and so the players are competing for this 

bonus. Second, given a belief about what the other player will do, undercutting the other player (instead of 
matching their choice) earns the bonus without changing the other player’s payoff. In that sense, “the game does 
not call for social preferences” (Arad and Rubinstein, 2012, p. 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. 
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to the level-1 type’s choice of 5 by choosing 4, and so on.47 

• 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 randomization and any distribution in which 

6 is the modal choice). 

 
Before turning to the data, we now build on the conceptual framework in Section 2.2 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 1-6 Token Request game. The steps of reasoning 

are inspired by Sher et al. (2014) and Alaoui and Penta (2016). 

 

1. Understand the structure of the game, e.g., 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 6 

(see the third and fifth bullets in the bullet list above). This step mainly uses first-order 

theory-of-mind (we introduced first- and higher-order theory-of-mind in Section 3.2.1). 

3. Calculate that the choice of 5 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 opponent 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 understand 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.48 

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. 

 
4.2 Level-k behavior in the Baseline games 

As explained in Section 4.1, we use the level-k model of non-equilibrium thinking to analyze 

strategic behavior in the 1-6 Token Request game. In Sections 2.2 and 4.1, we hypothesized 

that theory-of-mind and cognitive 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 sub- 

jects shared the same information about the strategic sophistication of their opponent (in each 
 

47A level-6 type would cycle back to choosing 6, but we restrict attention to levels 0 to 5: empirically in adult 
populations the vast majority of subjects are found to be level-0 to level-3 types (Crawford et al., 2013). 

48The 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, and so on in a 
hierarchy of beliefs. 
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of the five repetitions of the Baseline game, the opponent was drawn randomly from the children 

of all ages from the same school). As explained in Section 3.2.3, we standardize psychometric 

test scores within age group to separate cleanly 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 pro- 

vides estimates of the marginal effects of age, age-standardized theory-of-mind ability and age- 

standardized cognitive ability on the probability of each of the six choices, with two-sided tests 

of statistical significance. The second row of Table 2 shows the correspondence between choices 

and levels explained in Section 4.1. Since subjects’ choices vary from round to round, we al- 

low their level to also vary across repetitions of the Baseline game.49 The third row shows 

the expected payoff from each choice, given the empirical distribution of choices across the five 

Baseline games; the best-response to the empirical distribution is to choose 5. 

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 to their peers of the same age (fifth column of Table 2). Relative to the 

average shown in Figure 2, an additional year of life, a one-standard-deviation increase in age- 

standardized theory-of-mind ability and a one-standard-deviation increase in age-standardized 

cognitive ability all increase the probability of level-1 behavior by about ten percent. Second, the 

subjects are less likely to be strategically unsophisticated level-0 types as they age and become 

more cognitively able (sixth column). Relative to the average, these changes represent decreases 

of seventeen and nine percent respectively. Third, older children are more likely to be level-2 

types who act as if their opponent is a level-1 type (fourth column).50 

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 one-percent level. This binary analysis is informative since it reduces the influence of 

outliers in the distributions of skills. Table A.27 in Web Appendix XIII reports this analysis; 

the table shows that subjects whose theory-of-mind ability is above the median for their age 

are five 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 behavior is not significant at the ten-percent level. In Web Appendix X we provide 

evidence that our estimates in Table 2 and Table A.27 are robust to correcting for bias due to 

measurement error, with a modest change in precision in some cases. 

The first column of Table 2 shows that the probability of choosing 1 decreases with age 

and with age-standardized cognitive ability. This choice returns a low payoff; furthermore, the 

literature finds that for adult populations almost nobody thinks at a level higher than level-3 

(Crawford et al., 2013). Thus, we interpret this decrease as a reduction in random play by 

children who do not understand well the strategic environment, which happens to mimic level-5 

behavior. 

Web Appendix XIII shows that the parameter estimates in Table 2 are stable when we use a 
 

49A more complicated alternative could assume that each subject follows a fixed level but chooses with noise. 
50We 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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linear probability model (Table A.28) and when we add controls for the demographics that we 

collected (gender and school; Table A.29). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 2 3 4 5 6 
Choice 

 
Figure 2: Distribution of choices in the Baseline games. 

 
 

 

Choice 1 2 3 4 5 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 -0.022∗∗∗ 

 
0.001 

 
0.003 0.027∗∗∗ 0.020∗∗∗ -0.030∗∗∗ 

 (0.007) (0.003) (0.004) (0.004) (0.004) (0.006) 

Theory-of-mind -0.000 -0.011 -0.013∗ 0.007 0.017∗ 0.001 
 (0.009) (0.006) (0.007) (0.009) (0.010) (0.011) 

Cognitive ability -0.016∗ -0.003 0.006 0.012 0.019∗∗ -0.017∗ 
 (0.009) (0.006) (0.007) (0.008) (0.009) (0.010) 

 
Subjects 

 
730 

 
730 

 
730 

 
730 

 
730 

 
730 

 

Notes: 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 (that is, 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 Section 3.2.3, we standardize test scores 
within age group). Section 4.1 explains the correspondence between choices and levels. We calculate the expected 
payoff (in tokens) to each choice given the empirical distribution of subjects’ choices across the five Baseline 
games. Heteroskedasticity-robust standard errors, clustered at the session level, are shown in parentheses. ***, 

** and * denote significance at the 1%, 5% and 10% levels (two-sided tests). 
 

Table 2: Probability of choices in the Baseline games. 
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4.3 Dynamics of choices over repetitions of the Baseline game 

As noted in Section 3.3, 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 subjects might learn from introspection. In the absence of feedback, Weber 

(2003) continues to find some learning over repetitions of a competitive 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 in- 

trospection in our game by helping subjects to understand better 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 the mean choice provide some evidence of learning by introspection: the 

mean choice falls modestly from 3.85 in the first repetition of the Baseline game to 3.60 in the 

fifth repetition. Figure A.7 in Web Appendix XIV shows how the mean choice changes over time. 

Even though the mean choice falls, the best-response to the empirical distribution remains 5 in 

every repetition. Regressing choices on a linear time trend, the decline in the mean choice is 

statistically significant at the one-percent level.51 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 ten-percent 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 probability of moving to level-1 behavior, and the probability of moving to 

level-2 behavior.52 In all three cases, age has a positive and statistically significant effect at the 

one-percent level. Age-standardized cognitive ability has a positive and statistically significant 

effect in the second and third cases (respectively, p = 0.053 and p = 0.085; in the first case 

the effect is positive but not significant at the ten-percent level). The effect of age-standardized 

theory-of-mind ability is never statistically significant (p > 0.5). 

 
4.4 Other analyses of behavior in the Baseline games 

Section 4.1 explained why the level-k model of non-equilibrium thinking is well-suited to an- 

alyzing 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 feedback, 

subjects could not learn from experience about the empirical distribution of choices or adjust 

their behavior to observed play, and so it is unreasonable to expect them to be able to predict 

accurately how others play the game or to discover the mixed-strategy Nash equilibrium (Web 

Appendix VI describes the equilibrium; recall that, by design, the game has no pure-strategy 

Nash equilibrium and no dominated strategies, and subjects cannot discover the equilibrium 

using level-k thinking). 

Table A.30 in Web Appendix XIII shows that age, age-standardized theory-of-mind ability 

 
51Formally, we run an OLS regression of choices on the repetition number. 
52In the first case, we take all observations of a choice of 6 (level-0 behavior) in the first to fourth repetitions of 

the Baseline game, construct an indicator of whether the subject chose 1 through 5 in the next repetition, and run 
a logistic regression of this indicator on our characteristics. The other two regressions are constructed similarly. 
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and age-standardized cognitive ability positively predict the probability of best-responding (Col- 

umn 1).53 Furthermore, there is some evidence that age and cognitive ability act in tandem as 

complements, while age and theory-of-mind ability operate independently (Column 2).54 Tables 

A.33 and A.34 extend the analysis to payoffs: payoffs are noisy because they depend on the 

specific 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 in Web Appendix XIII shows that the distribution of choices of older children 

is closer to the mixed-strategy Nash equilibrium than that of younger children. 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 Nash equilibrium increases slightly (the 

deviation metric defined in Table A.36 increases by 0.19 units); this increase is consistent with 

our expectation that our subjects cannot discover the Nash equilibrium.55 

 
4.5 Response to information about opponent cognitive ability in Raven game 

As described in Section 3.3.2, in the Raven game we aimed to create exogenous variation in 

beliefs about the strategic sophistication of opponents 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 4.2 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 responded 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.56 

Figure 3 shows that older subjects shift their behavior when they are told that they face an 

(also older) opponent of high cognitive ability. The left-hand-side panel shows the distribution 

of choices for older subjects who faced a low-cognitive-ability opponent, while the right-hand- 

side panel shows the distribution for older subjects who faced a high-cognitive-ability opponent. 

Older subjects whose opponent is of high cognitive ability are more likely to choose 4, which 

corresponds to level-2 behavior. Older subjects whose opponent is of low cognitive ability spread 

 
53Since the best-response is 5, these findings replicate our results on level-1 behavior from Section 4.2. 
54The 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). 
55Over the five repetitions, above-median age subjects and above-median cognitive ability subjects move away 

from the Nash more than do their below-median counterparts. Above-median theory-of-mind ability subjects 
move away from the Nash, while below-median subjects move toward the Nash. The differences in the change in 
our deviation metric are, respectively, 0.11, 0.03 and 0.25. 

56Table 1 in Section 3.1 shows the distribution of ages; the median lies within the eight-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). 
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their choices more uniformly over 2 to 5, 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 sophisticated strategic theory-of-mind in 

children as young as eight to twelve years old. 

 

  
1 2 3 4 5 6 

Choice 

 

(a) Low cognitive ability opponent. 

1 2 3 4 5 6 
Choice 

 

(b) High cognitive ability opponent. 
 

Notes: The figure shows the distribution of choices in the Raven game for subjects above the median age. The left- 
hand-side (right-hand-side) panel shows the distribution for subjects matched with an opponent whose cognitive 
ability was below (above) the mean for children of her age (see Section 3.3.2). 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. 

 
Figure 3: Distribution of choices in the Raven game for older subjects. 

 
Table 3 shows that the shift among older children toward level-2 behavior when facing 

a high-cognitive-ability opponent is statistically significant. The first row of results provides 

estimates of the effect of being matched with a high-cognitive-ability opponent (instead of a 

low-cognitive-ability opponent) on the probability of each of the six choices for subjects above 

the median age, with two-sided tests of statistical significance. 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 ten percentage points, with the effect 

statistically significant at the five-percent level.57 With caution, we note that these results mesh 

with those from Section 4.2: in the five repetitions of the Baseline game we found that cognitive 

ability increases the likelihood 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-respond to level-1 

behavior. We use caution in noting this correspondence 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. 

57Older subjects are also less likely to choose 2, which reflects the shift in Figure 3 from a uniform distribution 
over choices 2 to 5 in the left-hand-side panel to a distribution centered around 4 in the right-hand-side panel. 
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Choice  1 2 3 4 5 6 

 
Level-k 

  
Level-5 

 
Level-4 

 
Level-3 

 
Level-2 

 
Level-1 

 
Level-0 

 
Subjects 

 
above median 

      

age (341)        
 

 

High cognitive ability 
 

0.003 -0.074∗ 
 

0.017 0.095∗∗ 
 

-0.021 
 

-0.021 

opponent (0.033) (0.041) (0.038) (0.046) (0.039) (0.027) 

 
Subjects below median 

      

age (343)       

 
High cognitive ability 

 
-0.019 

 
0.046 

 
-0.036 

 
0.058 

 
-0.036 

 
-0.013 

opponent (0.050) (0.039) (0.044) (0.042) (0.047) (0.051) 

 

Notes: The table reports average marginal effects from multinomial logits. The first (second) row of results reports 
average marginal effects for subjects above (below) the median 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 1 when a subject was matched with an opponent whose cognitive ability was above the mean for children of 
her age (see Section 3.3.2). 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 footnote 21). 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 4.1 explains the correspondence between choices and levels. Heteroskedasticity-robust 
standard errors, clustered at the session level, are shown in parentheses. ***, ** and * denote significance at the 
1%, 5% and 10% levels (two-sided tests). 

 

Table 3: Probability of choices in the Raven game. 

 
The second row of results in Table 3 and Figure A.8 in Web Appendix XIV 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 in Web Appendix XIII shows 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 opponent’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 according to whether their own theory-of-mind ability is above or below the 

median for subjects of their age.58 

As before, first we consider the older (above median age) subjects. Being matched with an 

opponent of high cognitive ability lowers the probability of choosing 6 (the level-0 choice) for 

older subjects with high theory-of-mind, but increases this probability for older subjects with 

low theory-of-mind; the difference according to own theory-of-mind is statistically significant at 

the ten-percent level (p = 0.079). Being matched with an opponent of high cognitive ability 
 

58We allocate the small number of subjects exactly at the median to the above-median category. 
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increases the probability of choosing 5 (the level-1 choice) for older subjects with high theory- 

of-mind, but reduces this probability for older subjects with low theory-of-mind; again the 

difference is statistically significant at the 10% level (p = 0.059). For choices 1-4, the differences 

according to own theory-of-mind are not statistically significant at the ten-percent level. Finally, 

for the younger subjects, these differences according to own theory-of-mind are not statistically 

significant at the ten-percent 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. 

 
4.6 Age and strategic sophistication 

In Section 4.2 we found that our subjects are less likely to exhibit strategically 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 eleven the 

proportion of unsophisticated level-0 behavior falls to under eight percent. This proportion is 

close to the six percent of adult subjects who exhibit level-0 behavior in Arad and Rubinstein 

(2012)’s data from the 11-20 game, which shares its strategic structure with our game. 

We conclude that our children display strategic sophistication by age eleven, in the sense 

that by age eleven 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 (Section 4.5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
5 6 7 8 9 10 11 

Age 
 

Level-0 Level-1 
 

Notes: The figure shows the proportion of level-0 behavior (choices of 6) and level-1 behavior (choices of 5) in the 
five Baseline games by age. Section 4.1 explains the correspondence between choices and levels. As explained in 
the notes to Table 1, we have only thirteen twelve-year-old subjects, and so we exclude these subjects from this 
figure. 

 

Figure 4: Age and strategic sophistication in the Baseline games. 
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Our results on age and strategic sophistication provide a unique insight into how unsophis- 

ticated level-0 behavior changes with age in a competitive game that is designed to trigger 

level-k non-equilibrium thinking, with no dominated strategies and no pure-strategy Nash equi- 

librium. By contrast, the existing literature focuses on dominance-solvable games of varying 

degrees of complexity. Nonetheless, our finding that children display strategic sophistication by 

age eleven is broadly consistent with that literature, which finds evidence of the emergence of 

strategic sophistication between the ages of seven and twelve (Perner, 1979; Sher et al., 2014; 

Brosig-Koch et al., 2015; Czermak et al., 2016; Brocas and Carrillo, 2021; Brocas and Carrillo, 

forthcoming).59,60 

Figure A.9 in Web Appendix XIV 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 ten or eleven, the proportion of level-1 behavior is 

statistically significantly higher among above-median theory-of-mind ability subjects (p = 0.049) 

and among above-median cognitive ability subjects (p = 0.050). However, for subjects aged ten 

or eleven, or for eleven-year-olds alone, the proportion of level-0 behavior among above-median 

theory-of-mind ability subjects or above-median cognitive ability subjects is not statistically 

significantly different (at the ten-percent level) from the proportion among the below-median 

subjects.61 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. 

 

5 Results from the Gift-exchange game 
 

We now turn to the results from our Gift-exchange game, which was designed to understand 

how children respond to intentions. In Section 2.2, we hypothesized that theory-of-mind plays a 

more important role than cognitive 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- 
 

59Perner (1979) studies four- to ten-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 undercutting game, Sher et al. (2014) 
find that by age seven 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 et al. (2015) find that the main developmental step takes place between grades one and four 
for males, and between grades six and nine for females, although college students perform best. Czermak et al. 
(2016) study ten- to seventeen-year-olds, and find that the proportion of Nash equilibrium play does not vary with 
age (although female subjects become less likely to choose dominated strategies as they get older). Brocas and 
Carrillo (2021) study third- to eleven-graders, and find that the proportion of Nash equilibrium play increases up 
to around age twelve, and stabilizes thereafter. Finally, in a setting with simple games that have an “intuitive” 
equilibrium, Brocas and Carrillo (forthcoming) study four- to seven-year-olds, and find that the proportion of 
Nash equilibrium play increases throughout this age range, with the oldest children playing similarly to adults. 

60We study strategic behavior in a competitive game, rather than cooperative behavior. In Web Appendix 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 
et al. (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). 

61These results are based on fractional logits.   The dependent variable is the fraction of times each subject 

chose 5 (for the level-1 results) or 6 (for the level-0 results) in the five Baseline games (that is, the number of 
times each subject made that choice divided by five). In each case, the independent variable is an indicator taking 
value 1 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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of-mind ability helps children to direct reciprocity appropriately according to the intentions of 

the allocator, while we find no effect of cognitive ability. 

Section 3.4 describes the game, while Figure 1 presents the game tree. As we explain in 

Section 3.4, the game was designed to measure how subjects respond to intentions. To recap, 

the allocator chooses between two ways of splitting a pie of ten super-tokens (a super-token is 

worth four normal tokens), and the receiver decides whether or not to give a super-token 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 identify cleanly whether subjects respond to intentions, we compare across treatments 

the decision of receivers after the allocator chooses a 5/5 split (that is, the allocator takes 

5 super-tokens and gives the other 5 to the receiver). Conditional on this split, in the two 

treatments the receiver has been given the same number of super-tokens 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 super-token in Treatment A, 

since the allocator in that treatment gave up the option of taking 8 super-tokens in order to 

select the even split, while in Treatment B the even split benefits the allocator. As we explain 

in Section 3.4, choosing the even split in Treatment A is unambiguously generous since the 8/2 

split is strictly dominant for a selfish allocator. 

Before turning to the data, we now build on the conceptual framework in Section 2.2 to 

outline how theory-of-mind ability and cognitive ability link to the steps of reasoning that 

underpin the receiver’s understanding of the allocator’s intentions. 

 
1. Understand the structure of the game, e.g., the rules and payoff consequences of actions. 

This step mainly uses the receiver’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 understand how the alloca- 

tor thinks about her chosen and foregone alternatives. This step mainly uses the re- 

ceiver’s first-order theory-of-mind (we introduced first- and higher-order theory-of-mind in 

Section 3.2.1). 

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 receiver’s payoff. 

This step mainly uses the receiver’s first-order theory-of-mind. 

4. Potentially, engage in further reasoning about the allocator’s motivation and social pref- 

erences 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. 
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(0.024) 
 
 
 
 
 
 
 
 
 
 
 
 

 
Notes: 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 1 
if a receiver gave one super-token back to the allocator. The independent variable in Column 1 is an indicator 
for Treatment A. In Columns 2 and 3 we add age, age-standardized theory-of-mind ability and age-standardized 
cognitive ability (as explained in Section 3.2.3, we standardize test scores within age group). Heteroskedasticity- 
robust standard errors, clustered at the session level, are shown in parentheses. ***, ** and * denote significance 
at the 1%, 5% and 10% levels (two-sided tests). 

 
Table 4: Effect of treatment on probability that receiver gives one super-token to allocator. 

 (1) (2) (3) 

 
Treatment A 

 
0.095 

 
0.086 -0.126∗ 

 (0.068) (0.065) (0.069) 

Age 
 

0.015 -0.000 
  (0.013) (0.014) 

Theory-of-mind 
 

0.009 -0.028 

(T.o.M.)  (0.026) (0.028) 

Cognitive Ability 
 

0.002 0.003 

(Cogn. Ab.)  (0.029) (0.038) 

Treatment A. × Age 
  

0.055∗∗ 

 
Treatment A. × T.o.M. 

  

0.140∗∗∗ 
(0.050) 

Treatment A. × Cogn. Ab. 
 

0.008 

(0.061) 

 
Subjects 

 
207 

 
207 207 
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Table 4 studies whether subjects respond to intentions by measuring: (i) how the treatment 

affects the probability that the receiver gives one super-token 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 whose matched allo- 

cator chose the 5/5 split. Column (1) shows that receivers are about ten percentage points more 

likely to give a super-token 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.62 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 super-token more strongly 

for older children and children whose theory-of-mind compares favorably to peers of the same 

age. 

This result shows that age and theory-of-mind predict whether receivers respond to the allo- 

cator’s intentions in our Gift-exchange game. Each additional year of life increases the effect of 

Treatment A on the probability of giving back one super-token by about six percentage points, 

while a one-standard-deviation increase in age-standardized theory-of-mind ability increases the 

effect of Treatment A by about fourteen percentage points. These effects are large compared 

to the average impact of Treatment A of ten percentage points from Column (1).   Despite 

these findings for age and theory-of-mind, cognitive ability has no effect: the interaction of 

Treatment A and age-standardized cognitive ability is quantitatively small and far from statisti- 

cal significance. These striking results suggest that different psychometric measures of cognitive 

skill correspond to different cognitive processes in strategic situations that involve the under- 

standing of intentions. In Web Appendix VII we provide evidence that our results in Table 4 

on the effects of theory-of-mind and cognitive ability are robust to correcting the estimates for 

bias due to measurement 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 condition on treatment and so disregard the allocator’s option set. 

Table 5 replicates the analysis from Table 4, but replacing the indicator for Treatment A with 

the number of super-tokens given to the receiver (2 in the 8/2 split, 5 in the 5/5 split, and 

8 in the 2/8 split) and using 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 cognitive ability). Older subjects are more likely to 

exhibit simple reciprocity, with the effect significant at the five-percent level. 

Web Appendix XIII shows that our results are robust when we use a linear probability model 

(Tables A.38 and A.39) and when we add controls for the demographics that we collected (gender 

and school; Tables A.40 and A.41). 

 
 
 

62As explained in Section 3.2.3, we standardize psychometric test scores within age group to separate cleanly 
the effect of age from the effect of within-cohort variation in cognitive skills. 
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(0.009) 

 
 

Subjects 385 385 385 

Notes: We include all 385 subjects who were receivers (see footnote 41). Each column reports average marginal 
effects from a logit where the dependent variable is an indicator taking value 1 if a receiver gave one super-token 

back to the allocator. The independent variable in Column 1 is the number of super-tokens given to the receiver 
(2 in the 8/2 split, 5 in the 5/5 split, and 8 in the 2/8 split). In Columns 2 and 3 we add age, age-standardized 
theory-of-mind ability and age-standardized cognitive ability (as explained in Section 3.2.3, we standardize test 
scores within age group). Heteroskedasticity-robust standard errors, clustered at the session level, are shown in 
parentheses. ***, ** and * denote significance at the 1%, 5% and 10% levels (two-sided tests). 

Table 5: Effect of number of tokens received on 

probability that receiver gives one super-token to allocator. 

 (1) (2) (3) 

 
Number of super-tokens received 0.040∗∗∗ 0.041∗∗∗ 

 
0.016 

(Super-tokens) (0.009) (0.009) (0.016) 

Age 
 

0.007 -0.026 
  (0.009) (0.018) 

Theory-of-mind 
 

0.011 -0.027 

(T.o.M.)  (0.018) (0.037) 

Cognitive ability 
 

-0.004 -0.049 

(Cogn. Ab.)  (0.020) (0.039) 

Super-tokens × Age 
  

0.009∗∗ 
(0.004) 

Super-tokens × T.o.M. 
  

0.009 

(0.010) 

Super-tokens × Cogn. Ab. 
  

0.011 
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6 Analysis of longitudinal data from ALSPAC 
 
6.1 Overview of ALSPAC data 

The Avon Longitudinal Study of Parents and Children (ALSPAC) is a rich birth-cohort study 

of children born in the early 1990s in the South West of England. Pregnant women resident in 

Avon with expected dates of delivery from April 1st 1991 to December 31st 1992 were invited to 

take part in the ALSPAC study. Boyd et al. (2013), Fraser et al. (2013) and Northstone et al. 

(2019) describe the ALSPAC birth-cohort data.63,64 

Primary Institutional Review Board (IRB) approval to study data from ALSPAC was ob- 

tained from Purdue University. Ethical approval for the study was obtained from the ALSPAC 

Ethics and Law Committee and the Local Research Ethics Committees. Informed consent for the 

use of data collected via questionnaires and clinics was obtained by ALSPAC from participants 

following the recommendations of the ALSPAC Ethics and Law Committee at the time.65 

 
6.2 Psychometric tests 

ALSPAC measured theory-of-mind ability and cognitive ability at mean age eight years and 

eight months when participants attended the “Focus @ 8” interview session. 

 
6.2.1 Theory-of-mind test: Diagnostic Analysis of Nonverbal Accuracy 

 

ALSPAC measured theory-of-mind ability at age eight using the Child Facial Expressions test 

from the Diagnostic Analysis of Nonverbal Accuracy (DANVA2-CF; see Nowicki and Duke, 1994, 

and Nowicki, 2015). We describe the concept of theory-of-mind in Section 2.1: as we explain 

there, psychologists measure theory-of-mind by the ability to correctly infer or understand the 

mental states of others (which can include others’ beliefs, desires, 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 twenty-four photographs of child faces, 

each showing one of four core emotions: happiness, sadness, anger or fear.66 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). Web Appendix I.13 provides further details about how ALSPAC 

implemented the DANVA2-CF, while Web Appendix XI discusses the relationship between the 

DANVA2-CF and the IMT theory-of-mind test that we used in our experiments (Section 3.2.1). 

 

 
63The total ALSPAC sample size is 15,454 pregnancies. This includes 913 eligible pregnancies that did not join 

the study initially, but were recruited in later phases (starting when the oldest children were around age seven). 
64Please note that the study website contains details of all the data that is 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). 

65The UK Medical Research Council and Wellcome (Grant ref: 102215/2/13/2) and the University of Bris- 

tol provide core support for ALSPAC. This publication is the work of the authors and Eduardo Fe, David 
Gill and Victoria Prowse will serve as guarantors for the contents 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). 

66The test produces a score out of twenty-four. Each emotion is shown six times, three times with high 
intensity, and three times with low intensity. 

http://www.bristol.ac.uk/alspac/researchers/our-data/
http://www.bristol.ac.uk/alspac/external/documents/grant-
http://www.bristol.ac.uk/alspac/external/documents/grant-
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Psychologists often measure theory-of-mind by the ability to recognize emotions in pho- 

tographs 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 the journal 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 

expressions in photographs. As noted by Kidd and Castano (2013, Supplementary Materials, 

p.4), the Facial Expressions test from DANVA2 has been “extensively validated with normal, 

clinical, adult, and child populations.”67,68 

We are not aware of any study that reports a correlation between performance on the IMT 

(see Section 3.2.1) and the DANVA2-CF. Similarly, we are not aware of any study that reports 

a correlation between the IMT and the RMET in children; however, Osterhaus et al. (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.”69 

 
6.2.2 Cognitive ability test: Wechsler Intelligence Scale for Children 

 

ALSPAC measured cognitive ability at age eight using the Wechsler Intelligence Scale for Chil- 

dren (WISC-III; see Wechsler, 1991). As we note in Section 2, 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 et al., 1990). WISC-III captures both fluid intelli- 

gence (Dickson et al., 2016) and crystallized intelligence (Smajlagić et al., 2018).  The WISC-III 

Full Scale IQ score is based on ten subtests: information; similarities; arithmetic; vocabulary; 

comprehension; picture completion; coding; picture arrangement; block design; and object as- 

sembly. 

 
6.2.3 Standardization and correlation of tests scores 

 

We standardize the theory-of-mind tests scores and the cognitive ability tests scores. The Pear- 

son correlation coefficient between the standardized theory-of-mind test score and the stan- 

dardized 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 experimental data, and 

 

67The 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 
Diagnostic Analysis of Nonverbal Accuracy (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) (the ALSPAC database does not include data from other DANVA tests). 

68Specifically, Kidd and Castano (2013) use the RMET and 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 RMET show a part of the 
face that includes the eyes, while the photographs used in the Facial Expressions test from DANVA2 show the 
entire face. 

69In adults, Lyons et al. (2010), Vonk et al. (2015), Ewing et al. (2016) and Vonk and Pitzen (2017) report  

correlations that range from 0.34 to 0.46 between the IMT and the RMET (all with p < 0.001). To put these 
figures in context, we note that the retest reliability of the RMET is around 0.7 for tests taken between one week 
and one month apart; in particular, Hallerback et al. (2009) and Lee et al. (2020) report 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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is consistent with existing evidence (see Section 3.2.3 and footnote 28). 

 
6.3 Effect of theory-of-mind and cognitive ability on adult outcomes 

6.3.1 Overview of approach and set of controls 
 

We now study how theory-of-mind and cognitive ability at age eight affect adult outcomes. 

We measure social skills, fertility and labor market behavior at the latest age that is currently 

available in the ALSPAC dataset. As explained below, we measure educational participation 

at ages seventeen and twenty. 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 described in Web 

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 childcare; the 

number of books owned and neighborhood quality in childhood; 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 to A.45 in Web Appendix XIII show that our results on adult outcomes are robust 

to further including a control for locus of control. In Web Appendix IX we provide evidence 

that our estimates of the effects of theory-of-mind and cognitive ability on adult outcomes in 

Tables 6 to 9 are broadly stable after correcting for bias due to measurement error, with a 

modest lost of precision in some cases. 

 
6.3.2 Social skills 

 

In Section 2.3, 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 cognitive 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 ten 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 five-percent level or lower. A one-standard-deviation 

increase in theory-of-mind ability at age eight is associated with an increase of around 0.20 in 

the number of close friends and increase of around two percentage points in the probability of 

having ten or more close friends, both measured at age twenty-four. Similarly, a one-standard- 

deviation increase in cognitive ability at age eight is associated with an increase of around 0.28 

in the number of close friends and an increase of around two percentage points in the probability 

of having ten or more close friends. 
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Number of close friends Ten or more close friends 

 
 

Theory-of-mind 0.203∗∗ 
(0.079) 

0.021∗∗∗ 
(0.007) 

Cognitive ability 0.284∗∗∗ 
(0.090) 

0.021∗∗∗ 
(0.008) 

 

 
Participants 3,887 3,887 
Mean age 24.49 24.49 
Mean of dependent variable 6.76 0.16 

 

Notes: Each column reports an OLS regression with a rich set of controls that is described in Web Appendix VIII. 
In the first column the dependent variable is the number of close friends that each participant reported when they 
attended the “Focus @ 24” interview session. In the second column the dependent variable is an indicator taking 
value 1 if a participant reported having ten or more close friends at the same interview session. The independent 
variables are standardized theory-of-mind ability and standardized cognitive ability measured at age eight (see 
Section 6.2). We derived the number of close friends from the participant’s categorical report. The categories 

were: 0; 1; 2-4; 5-9; 10-14; 15-19; ≥ 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. ***, ** and * 
denote significance at the 1%, 5% and 10% levels (two-sided tests). 

Table 6: Close friends. 
 

 
6.3.3 Education 

 

In Section 2.4, we hypothesized that childhood theory-of-mind and cognitive ability promote 

learning and educational attainment.   The results in Table 7 support these predictions, and 

in Web Appendix XII we quantify the importance of attention in the classroom as a dynamic 

mechanism that mediates the effect of childhood theory-of-mind on educational attainment. 

We measure educational participation at ages seventeen and twenty, and we also have one 

measure of educational attainment. In England, compulsory schooling for the relevant cohorts 

ended at sixteen, and so our measure of educational participation at seventeen captures whether 

or not the participant chose to continue their secondary (i.e., high school) education beyond the 

compulsory period. The measure of educational participation at twenty captures whether the 

participant chose to continue with some form of tertiary education (e.g., college or vocational 

training) at the end of their secondary education. Finally, we measure whether the participant 

completed one or more A-levels; in England A-levels are subject-specific exams that determine 

college entry and that are generally taken at age eighteen. 

The results in Table 7 show positive effects of childhood theory-of-mind and cognitive ability 

on education that are statistically significant at the five-percent level or lower, with the effects 

of cognitive ability larger in magnitude. A one-standard-deviation increase in theory-of-mind 

ability at age eight is associated with an increase of around one percentage point in the proba- 

bility of educational participation at age seventeen, an increase of around two percentage points 

in educational participation at age twenty, and an increase of around two percentage points 

in the probability of completing one or more A-levels. For cognitive ability at age eight, the 
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corresponding magnitudes are increases of two percentage points, nine percentage points, and 

nine percentage points, respectively. 

 

 
 In education at 17 In education at 20 A-level qualification 

 
Theory-of-mind 

 
0.013∗∗ 

(0.006) 

 
0.020∗∗ 

(0.009) 

 
0.016∗∗ 

(0.008) 

Cognitive ability 0.023∗∗∗ 
(0.007) 

0.094∗∗∗ 
(0.009) 

0.091∗∗∗ 
(0.008) 

 
Participants 

 
4,091 

 
4,332 

 
4,332 

Mean age 17.76 20.95 20.95 
Mean of dependent variable 0.88 0.55 0.73 

 

Notes: Each column reports an OLS regression with a rich set of controls that is described in Web Appendix VIII. 
In the first column the dependent variable is an indicator taking value 1 if a participant reported being in education 
when they attended the “Teen Focus 4” interview session. In the second column the dependent variable is an 
indicator taking value 1 if a participant reported being in education or training that is not as part of a job when 
they answered the “It’s All About You (20+)” questionnaire. In the third column the dependent variable is an 
indicator taking value 1 if a participant reported having at least one A-level or equivalent qualification when they 
answered the “It’s All About You (20+)” questionnaire. The independent variables are standardized theory-of- 
mind ability and standardized cognitive ability measured at age eight (see Section 6.2). Heteroskedasticity-robust 
standard errors are shown in parentheses. ***, ** and * denote significance at the 1%, 5% and 10% levels (two-
sided tests). 

Table 7: Educational participation and attainment. 
 
 
 

6.3.4 Fertility 
 

In Section 2.5, we hypothesized that childhood theory-of-mind and cognitive ability both lower 

fertility in early adulthood, although we cautioned that our priors are not strong because some 

effects are theoretically ambiguous. The results in Table 8 support this prediction, and in Web 

Appendix XII we quantify the importance of educational participation as a dynamic mechanism 

that mediates the effect of childhood theory-of-mind on fertility 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 five-percent level or lower. A one-standard-deviation increase in theory-of-mind ability 

at age eight is associated with a reduction of around one percentage point in the probability 

of being a parent and a reduction of around 0.02 children, both measured at age twenty-five. 

This reduction of 0.02 children represents a decline of twelve percent relative to the average 

number of children among our participants. For cognitive ability at age eight, the corresponding 

magnitudes are reductions of two percentage points and 0.03 children. 
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 Parent Number of children 

 
Theory-of-mind 

 
-0.012∗∗ 
(0.006) 

 
-0.022∗∗ 
(0.009) 

Cognitive ability -0.023∗∗∗ 
(0.006) 

-0.033∗∗∗ 
(0.010) 

 
Participants 

 
4,371 

 
4,371 

Mean age 25.76 25.76 
Mean of dependent variable 0.12 0.18 

 

Notes: Each column reports an OLS regression with a rich set of controls that is described in Web Appendix VIII. 
In the first column the dependent variable is an indicator taking value 1 if a participant reported being a parent 
when they answered the “Life @ 25+” questionnaire. In the second column 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 eight (see Section 6.2). In 
all cases “children” is defined to include biological, step, foster and adopted children. Heteroskedasticity-robust 
standard errors are shown in parentheses. ***, ** and * denote significance at the 1%, 5% and 10% levels (two-
sided tests). 

Table 8: Fertility. 
 
 

6.3.5 Labor market behavior 
 

In Section 2.6, we hypothesized that childhood theory-of-mind and cognitive ability both affect 

labor market behavior. In Table 9 we find no statistically significant effect of theory-of-mind 

on the probability of being in employment at age twenty-four or on wages at age twenty-three. 

Interestingly, we do find evidence that supports our hypothesis that workers with better theory- 

of-mind have a comparative advantage in larger firms: a one-standard deviation increase in 

theory-of-mind ability at age eight is associated with an increase of two percentage points at 

age twenty-three in the probability of being employed in a workplace with twenty-five or more 

employees (p = 0.079). 

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 the United Kingdom in recent years.70 Regarding 

wages, we conjecture that any effects of theory-of-mind are not yet apparent in participants’ 

early twenties because the wage distribution in the United Kingdom is compressed in the early 

years following graduation.71 

Turning to cognitive ability, we find no statistically significant effect on the probability of 

employment, but we do find a positive effect of childhood cognitive ability on wages that is 

statistically significant at the five-percent level: a one-standard deviation increase in cognitive 

70Based on OECD records for the United Kingdom that start in 1984, the employment rate in 2016 (around 

the time that our measure of employment was collected by ALSPAC) was at a record high of 82.6% for individuals 
aged 25-54 (OECD, 2019). 

71Blundell et al. (2016) find that the ratio of the median wage of first-degree holders to the median wage of 
high school graduates in the United Kingdom is around 1.2 for individuals at age twenty-three; this ratio increases 
to around 1.6 at age forty. 
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ability at age eight is associated with an increase of two percent in wages at age twenty-three. 

Throughout Section 6.3, we find effects of cognitive ability that are somewhat larger than those 

of theory-of-mind, 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 twenty-five or more employees. 

 
 

 
 Employed Log hourly wage Large workplace 

 
Theory-of-mind 

 
0.005 

 
-0.009 0.020∗ 

 (0.008) (0.008) (0.011) 

Cognitive ability 0.005 0.022∗∗ 0.029∗∗ 
 (0.009) (0.009) (0.012) 

 
Participants 

 
3,884 

 
2,999 

 
3,129 

Mean age 24.49 23.89 23.89 
Mean of dependent variable 0.81 2.05 0.60 

 

Notes: Each column reports an OLS regression with a rich set of controls that is described in Web Appendix VIII. 
In the first column the dependent variable is an indicator taking value 1 if a participant reported being in 
employment and not in education when they attended the “Focus @ 24” interview session. In the second column 
the dependent variable is the log of the hourly wage that each participant reported when they answered the “Me 
@ 23+” questionnaire. In the third column the dependent variable is an indicator taking value 1 if a participant 
reported that twenty-five or more people were employed at their place of work when they answered the “Me @ 
23+” questionnaire. The second and third columns use only participants who reported being in employment in the 
“Me @ 23+” questionnaire. The independent variables are standardized theory-of-mind ability and standardized 
cognitive ability measured at age eight (see Section 6.2). 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 percentile. 

The categories for monthly take-home pay were: £1–499; £500–999; £1000–1,499; £1,500–1,999; £2,000–2,499; 

£2,500–2,999; ≥ £3,000. We used interval regression to assign a value to each category. Heteroskedasticity- 

robust standard errors are shown in parentheses. ***, ** and * denote significance at the 1%, 5% and 10% levels 
(two-sided tests). 

Table 9: Employment, wages, and workplace size. 
 
 

6.4 Effect of school spending on theory-of-mind 

Finally, we provide evidence that school spending can improve theory-of-mind ability in child- 

hood. 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 ten-year period from 1996-97 to 2006-07, 

annual primary-school spending 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 Local Education Authority (LEA). LEAs received different increases in funding from 

the central government that depended on the characteristics of the pupils in the LEA. 
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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-of- 

mind. The ALSPAC dataset includes participants from three consecutive school-year cohorts and 

schools from four LEAs. Specifically, we regress standardized theory-of-mind at mean age eight 

years and eight months (see Section 6.2) on the cumulative per-pupil primary-school spending 

of the participant’s LEA when the participant was in Year 1, Year 2 and Year 3 (children were 

aged five, six, and seven at the beginning of Year 1, Year 2, and Year 3, respectively). We report 

the effect of £300 of cumulative per-pupil spending over three years (in 2003-04 prices), since 

£300 is approximately one standard deviation of the identifying variation in school spending in 

our data.72 In the regression, we include LEA fixed effects and cohort fixed effects, along with a 

rich set controls that is summarized in Section 6.3.1 and described in Web Appendix VIII. The 

cohort fixed effects absorb trends over time in school spending and in theory-of-mind that are 

common to all LEAs. The LEA fixed effects control for systematic differences in school spending 

and in theory-of-mind across LEAs. The estimated effect of school spending is therefore identified 

from variation across LEAs in the time path of spending.73 

Table 10 provides evidence that primary-school spending increased theory-of-mind ability. 

The first column includes participants who attended a primary school in one of our four LEAs: 

we find that a £300 (in 2003-04 prices) increase in cumulative per-pupil spending over three years 

increases theory-of-mind ability at age eight by around 0.13 of a standard deviation (p = 0.059). 

To help interpret our finding that school spending improved theory-of-mind on average: (i) 

we first describe some of the features of the increase in primary-school spending; and (ii) we 

then 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: forty-four percent on teachers; twenty percent on educational 

support, administrative and clerical staff; nine percent on books and equipment; and twenty- 

seven percent on other goods and services.74 Furthermore, around the relevant time period 

there was a push by the United Kingdom government to provide extra assistance to school 

children, and this extra assistance was a mix of support inside and outside of the classroom 

provided by class teachers, support teachers and learning support assistants (Croll and Moses, 

2003). Building on existing evidence from psychology, we propose three specific mechanisms 

which can help to explain our finding that school spending improved theory-of-mind ability: the 

first operates through reading and literacy; the second is based on conversational discourse; and 

the third links to classroom activities. 

1. According to the psychology literature, reading and literacy are crucial for theory-of-mind 

development. For example, Hofmann et al. (2016)’s survey of training interventions to 

improve childhood theory-of-mind reports that many of these interventions are designed 

around storytelling (we discuss this survey in the introduction); similarly, Kidd and Cas- 

tano (2013) provide evidence that reading literary fiction improves theory-of-mind. Based 

72After 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 one standard deviation of the changes. 
73Mobility 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. 

74We calculated these figures using data on English LEA primary-school based spending between 1997-98 and 

2000-01 from DfES (1999, 2002). 
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on this literature, we suggest that an important mechanism by which school spending likely 

improved theory-of-mind is through better reading and literacy skills. Indeed, according to 

Croll and Moses (2003), the push to provide extra assistance to school children described 

in the paragraph above was directed toward supporting reading and literacy (rather than 

numeracy or other areas of the curriculum). 

2. de Rosnay and Hughes (2006)’s literature review concludes that conversational interactions 

are of fundamental importance to the development of theory-of-mind. By increasing the 

provision of support teachers and learning support assistants to help teachers inside and 

outside the classroom, school spending boosted the opportunities for children to engage in 

theory-of-mind improving conversational interactions at school. 

3. Hofmann et al. (2016)’s survey of training interventions to improve childhood theory-of- 

mind highlights the importance of activities like socio-dramatic 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 traditional classroom aca- 

demics toward more “fun” learning and play activities based on interpersonal interaction 

and role playing that helped to improve theory-of-mind. 

 
 

 

All 
Disadvantaged Advantaged 

 
 
 
 
 
 
 
 
 
 

 

Notes: Data on LEA primary-school based spending are from DfES (2004). The third paragraph of Section 6.4 
describes the empirical specification and strategy. The specification also includes school fixed effects, which 
absorb the LEA fixed effects because all schools in the ALSPAC dataset remain in the same LEA. The first 
column includes participants who completed the theory-of-mind test at age eight (see Section 6.2) and attended 
a publicly-funded primary school in one of the four LEAs in the ALSPAC dataset; we allocate each participant 
to a school based on the earliest time that we observe the participant attending one of these schools. The 

second (third) column includes only disadvantaged (advantaged) participants: the fifth paragraph of Section 6.4 
and footnote 75 explain how we define these categories based on family income in childhood; family income is 
described in Web Appendix VIII. Our sample includes a partial school-year cohort of participants born between 
February 1991 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 estimate the 
effect of school spending from differences between comparable cohorts, we construct an indicator taking value 
1 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. ***, ** and * denote significance at the 1%, 5% and 10% levels (two-sided 
tests). 

Table 10: Difference-in-differences estimates of the effect of school spending on 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 income in childhood was at or above the median for the participants 

 participants participants 

 
School spending per pupil 0.128∗ 

 
-0.041 0.267∗∗ 

(£300 cumulative over three years) (0.067) (0.105) (0.120) 

 
Participants 

 
4,549 

 
1,999 

 
2,199 
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in her primary school; we call her ‘disadvantaged’ if her family income was below the median.75 

In the second column of Table 10, we find no statistically significant effect of school spending 

on theory-of-mind for disadvantaged participants (p = 0.694). Instead, in the third column 

we find that the positive effect of school spending on theory-of-mind ability is concentrated 

among the advantaged students (p = 0.028). Table A.46 in Web Appendix XIII 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 disadvantaged participants. To help interpret 

these findings: (i) we first describe a stream of literature which reports that universal interven- 

tions often benefit the advantaged more and discusses the ethical implications for policy design 

(e.g., Ceci and Papierno, 2005); and (ii) we then build on recent evidence from economics and 

psychology to propose three specific mechanisms that can help to explain our findings. 

Our finding that school spending was more effective for advantaged children is consonant with 

exciting new work in economics by Barcellos et al. (2021) and Huillery et al. (2021). Leveraging a 

change in years of compulsory schooling in the United Kingdom, Barcellos et al. (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-scale mindset 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 students. Furthermore, the small effects 

for disadvantaged students found by Huillery et al. (2021) only appeared 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 timeframe beyond the scope of our study. 

Ceci and Papierno (2005) survey broader evidence showing that many universal interventions 

and policies widen initial disparities by benefitting advantaged groups more, and they go on to 

discuss the thorny ethical implications for policy design. For example, Ceci and Papierno (2005) 

describe how the Sesame Street educational television series and the availability of computer 

technology in schools both widened pre-existing gaps between advantaged and disadvantaged 

children. More recent examples include Mascini and Braster (2017), who use OECD PISA data 

to argue that choice and competition in education benefit high-SES children more. Indeed, 

the effect extends beyond impacts on educational attainment: for example, in a mental-health 

context, Kavanagh et al. (2009)’s meta-study provides some evidence that school-based mental- 

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 mecha- 

nisms which can help to explain our finding that school spending was more effective for advan- 

taged children: the first operates through biased beliefs and motivation; the second is based on 

differences in utilization; and the third links to better executive function among the advantaged. 
 

75 We use school-level medians to ensure that a participant’s categorization is orthogonal to spending in her 

particular school. The total of advantaged and disadvantaged participants is lower than the number of participants 
in the first column of Table 10 because we do not have data on family income for all participants. 
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1. Guyon and Huillery (2021) find that the children of low-SES parents have downward-biased 

beliefs about their academic ability and potential, 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 adversely affect learning 

and individual development in the classroom, which in turn could limit for disadvantaged 

children 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 disparities, Ceci and Pa- 

pierno (2005) describe the “utilization benefit” that advantaged groups gain when they are 

better able to access or utilize the intervention’s benefits. In our context, high-SES parents 

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 classroom: 

high-SES parents might have been more pro-active in securing such extra assistance for 

their children when needed. 

3. Evidence from psychology suggests that executive function mediates changes in theory-of- 

mind. In particular, as discussed in Hofmann et al. (2016)’s survey, Benson et al. (2013) 

find that theory-of-mind training is more effective for children with better executive func- 

tion, which they define as “the processes that underlie goal directed behavior, including 

self-regulation, planning, working memory, response inhibition, and resistance to interfer- 

ence.” Furthermore, psychologists have also found that SES positively predicts executive 

function (e.g., Lawson et al., 2018, Rosen et al., 2019). Bringing these findings together, we 

suggest that school spending increased theory-of-mind more effectively for the advantaged 

participants partly because of their better executive function. 

We find no statistically significant effects of primary-school spending on cognitive ability 

at age eight. When we replicate the analysis using cognitive ability instead of theory-of-mind, 

the equivalents of the regressions reported in the first to third columns of Table 10 give p- 

values of 0.605, 0.361 and 0.815, respectively. Across all our participants, we find a statistically 

insignificant effect of school spending on cognitive ability that is in fact negative (but small). 

Since the ALSPAC dataset includes only three cohorts and four LEAs, we consider our 

evidence on the effects of school spending to be suggestive rather than conclusive. We encourage 

researchers to attempt to replicate our results by measuring the effects of similar interventions 

on theory-of-mind and cognitive ability when they run such interventions directly in the field. 

 
7 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 evidence 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 
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in life (Deming, 2017a), we expect that the importance of theory-of-mind will only increase over 

time. 

Estes and Bartsch (2017) define theory-of-mind as “the universal propensity of humans to 

understand and explain their own and others’ behavior 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 the most disadvantaged and deficient environments.” Yet, economists have shown 

little interest in studying theory-of-mind. 

We hope that our findings will spur a new research agenda in economics that takes seriously 

how people understand the mental processes of others, that aims to learn more about how 

theory-of-mind skills drive behavior, and that aspires to understand how to improve theory-of- 

mind ability. For example, game theorists should model explicitly how people come to form 

beliefs about others’ mental states in strategic situations,76 researchers studying cognitive and 

non-cognitive skills should include theory-of-mind in the set of key skills that they examine, 

and researchers designing early-life interventions should study systematically the effects of their 

interventions on theory-of-mind ability. 

Recent theoretical work on bounded rationality and non-equilibrium thinking seeks to model 

bounds on depth of reasoning (Alaoui and Penta, 2016, 2018). By developing specific hypotheses 

that link theory-of-mind and cognitive ability to level-k behavior, and by confirming experimen- 

tally that these cognitive skills matter for level-k thinking, we hope that our findings will add 

useful foundations to future theoretical work that models explicitly 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 sophistication. Alongside 

research on how to improve cognitive skills, future studies should also investigate how to improve 

strategic skills directly. For example, Ashraf et al. (forthcoming) 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 training 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 to which spurring the type of high-level reasoning involved in strategic decision-making 

can feed back into the development of theory-of-mind and cognitive ability in non-strategic 

settings. 

The ALSPAC birth-cohort study follows children born in the early 1990s into young adult- 

hood. Following these participants further through their lives will, over time, allow us and others 

to build a comprehensive picture of the roles of theory-of-mind and cognitive ability in driving 

behavior throughout the life cycle. 

 
 
 
 
 
 
 
 
 

76Initial work in this direction studies the evolution of the ability to understand others’ preferences (Robalino 

and Robson, 2016), while Gauer and Kuzmics (2017) and Kimbrough et al. (2017) study learning about others’ 
preferences in games. 
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Web Appendix I 

More details regarding related literature 
 

 
Web Appendix I.1 Details referred to in footnote 3 

Examples include social discourse focusing on events related to mental states from stories, train- 

ing children to talk about others through storytelling, and socio-dramatic play based on a story 

(Guajardo and Watson, 2002; Lu et al., 2008; Qu et al., 2015). More recently, Charness et al. 

(2019) find that theory-of-mind can be activated in low SES children by stimulating them to 

think about the interaction with another child, while Ashraf et al. (forthcoming) improve nego- 

tiating skills in adolescents partly by training them to understand others’ perspectives. Among 

adults, Kidd and Castano (2013) find that reading literary fiction improves theory-of-mind. 

 
Web Appendix I.2 Details referred to in footnote 5 

Steinbeis et al. (2012) do not directly measure strategic behavior in a competitive game, but 

they argue that the across-game difference between ultimatum game offers and dictator game 

allocations captures strategic behavior. Their focus is on the effect of age for their full sample 

of 174 subjects, finding an increase in the across-game difference with age (as do Bereby-Meyer 

and Fiks, 2013). Cognitive ability was measured only for the twenty-eight children who also 

underwent FMRI testing; unsurprisingly given the small sample, Steinbeis et al. (2012) find 

no effect of cognitive ability on the across-game difference. Sher et al. (2014) study children’s 

behavior in an undercutting game (the “stickers” game, which has a unique pure-strategy sym- 

metric Nash equilibrium) and a sender-receiver game, with a focus on the effect of age. The 

games were not played against another child, but against an experimenter who was not trying to 

win, and instead followed a non-equilibrium behavioral rule. Sher et al. (2014) do not measure 

cognitive ability (in our sense of abstract or logical reasoning ability), but they do measure 

working memory, finding that better working memory predicts choices closer to equilibrium in 

the stickers game but not in the sender-receiver game. Geng et al. (2015) study the behavior of 

adolescents rather than children, and find that their subjects do not play minimax in zero-sum 

games; since opponents do not play minimax, it is perhaps not surprising that they also find 

no correlation between cognitive ability and closeness to minimax play for adolescents (nor do 

they find a correlation with earnings). Finally, using a sample of children and adolescents (ages 

ten to seventeen), Czermak et al. (2016) study the consistency of choices and beliefs in the 

normal-form games from Costa-Gomes et al. (2001). They find that subjects with better self- 

reported math grades are more likely to act consistently with their first-order beliefs, suggesting 

that math ability allows subjects to better calculate the best-response to given beliefs. Splitting 

their sample by gender, Czermak et al. (2016) also find an effect of self-reported math ability 

on the probability of being a strategic type for females, but not for males. 
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Web Appendix I.3 Details referred to in footnote 6 

A few papers investigate how cooperation or coordination changes with age in strategic games 

(Kagan and Madsen, 1971; Stingle and Cook, 1985; Fan, 2000; Harbaugh and Krause, 2000; 

Sally and Hill, 2006; Devetag et al., 2013; Grueneisen et al., 2015; Brocas et al., 2017), while a 

couple of papers investigate the role of theory-of-mind with a focus on autistic children (Sally 

and Hill, 2006; Li et al., 2014). Using bespoke games, Kagan and Madsen (1971) find cooperation 

decreases with age, while Stingle and Cook (1985) find the opposite. In a repeated prisoners’ 

dilemma, Fan (2000) finds that cooperation increases with age, while Sally and Hill (2006) find no 

age effect. In a repeated public good game, Harbaugh and Krause (2000) find that contributions 

increase over rounds for younger children, but decline for older children. Devetag et al. (2013) 

and Grueneisen et al. (2015) find that older children better recognize focal points as coordination 

devices. Brocas et al. (2017) find that cooperation in a repeated alternating dictator game goes 

up with age. Sally and Hill (2006)’s children play against a confederate who does not maximize 

her own payoff; the paper reports a marginally significant positive correlation between theory- 

of-mind and cooperation for the whole sample (including autists). Using a similar design and 

sample, Li et al. (2014) find some evidence that theory-of-mind helps cooperation, but only for 

the autistic children. 

 
Web Appendix I.4 Details referred to in footnote 7 

In related work, Palacios-Huerta and Volij (2009), Agranov et al. (2012) and Le Coq and Sturlu- 

son (2012) find that adults respond to information about their opponent’s experience, which is 

also potentially informative about the opponent’s sophistication (see Gill and Prowse, 2016, for 

a detailed discussion). For example, in a one-shot beauty contest, Agranov et al. (2012) find 

that inexperienced undergraduates choose lower numbers that are closer to Nash equilibrium 

when they play against graduates who have some experience of the game. 

 
Web Appendix I.5 Details referred to in footnote 10 

Using a gift-exchange game, Charness and Levine (2007) find that intentions matter for adult 

subjects. Rather than using foregone payoffs like we do, they use uncertainty. Sutter (2007) 

popularized the use of the ultimatum game with variation in forgone options to study whether 

responder age predicts responses to proposer intentions. Although the ultimatum game is not 

well designed to measure reciprocity, it can be used to study whether the proposer’s intentions 

affect the responder’s rejection rate (see, e.g., Falk et al., 2003, with adult subjects). It is not well 

suited to measure reciprocity for two main reasons: first, proposers can try to influence rejection 

rates, and so proposals confound generosity and strategic incentives; second, by destroying the 

entire pie, rejection is socially costly, and so rejection rates confound preferences over efficiency 

and reciprocity. Using a sequential prisoners’ dilemma, Burks et al. (2009) find that the cognitive 

ability of adults predicts simple reciprocity; and using a gift-exchange game, Filiz-Ozbay et al. 

(forthcoming) find that the cognitive ability of adult men predicts simple reciprocity. 
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Web Appendix I.6 Details referred to in the penultimate paragraph of the 

introduction 

Harbaugh et al. (2001) study violations of the Generalized Axiom of Revealed Preference 

(GARP) using choices among consumption bundles, finding that seven-year-old children vio- 

late GARP more frequently than eleven-year-olds and adults (who violate GARP at about the 

same rate); the paper finds no statistically significant relationship between math ability and 

GARP violations. Apesteguia et al. (2018) study the behavior of fourth-grade school children in 

a belief updating problem based on urn selection, finding that children predicted by teachers to 

attend the Gymnasium (the higher selective school track in Austria) performed better, but that 

children were not able to improve their performance when observing others. Barash et al. (2019) 

study the behavior of subjects from kindergarten to university in a Bayesian updating problem, 

finding that as children become older, they start to use inference-based reasoning instead of 

simple heuristic rules. 

 
Web Appendix I.7 Further discussion of Premack and Woodruff (1978) re- 

ferred to in footnote 11 

Premack and Woodruff (1978) study theory-of-mind in chimpanzees. They limit attention to 

whether chimpanzees impute mental states to others because the accuracy of inferences about 

mental states is difficult to determine experimentally in chimpanzees. However, they note that 

the accuracy of theory-of-mind inferences is an important question that deserves further study. 

In their own words: “We will not be concerned at this time with whether the chimpanzee’s 

theory is a good or complete one, whether he infers every mental state we infer and does so 

accurately... These questions are not out of order, but they are, for the moment at least, too 

difficult to deal with experimentally. It will be sufficient now to consider whether or not the 

chimpanzee imputes mental states to others at all. If we succeed with that claim, we may later 

seek to determine how accurate and complete his inferences are.” (Premack and Woodruff, 1978, 

p.515) 

 
Web Appendix I.8 Discussion of the evidence from the false photograph test 

referred to in footnote 11 

In the false belief test (Wimmer and Perner, 1983), an object is moved from one location to 

another while a third party is absent, and the subject is then asked where the third party 

will search for the object. In the false photograph test (Zaitchik, 1990), the experimenter 

takes a photograph of an object, the object is moved, and finally the subject is asked where 

in the photograph the object will appear. The false photograph test replicates the false belief 

test in terms of representational difficulty, but without requiring any representation of mental 

states (the false drawing test (Chorman and Baron-Cohen, 1992) serves the same purpose). 

Autistic children generally fail the false belief test, but pass the false photograph or false drawing 

test (Leekam and Perner, 1991; Chorman and Baron-Cohen, 1992; Leslie and Thaiss, 1992). 

According to Chorman and Baron-Cohen (1992), these data 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 

the mental states of others), as opposed to a lack of cognitive ability (i.e., a general difficulty 
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with understanding both mental and non-mental representations). 

 
Web Appendix I.9 Details referred to in the third paragraph of Section 2.1 

Different research groups emphasize different aspects of the cognitive processes that might help 

to underpin theory-of-mind ability. Autism researchers emphasize that autistic children lack 

the specific ability to represent the mental states of others, as opposed to a lack of cognitive 

ability (in Web Appendix I.8 we discuss evidence for this claim from the false photograph test). 

According to the “simulation-theory” view of theory-of-mind, people attribute mental states to 

others by duplicating or mimicking the mental processes of the target in their own minds (Gallese 

and Goldman, 1998). This view is motivated by neuroscientific evidence that empathetic affect 

sharing for disgust and pain relies on neural processes that are also activated when experiencing 

the affect first-hand (Bastiaansen et al., 2009, surveys the evidence for these “mirror systems”; 

Rütgen et al., 2015a,b, provide recent examples), while Gallese and Goldman (1998) and Gallese 

et al. (2004) posit that the activity of “mirror neurons” helps to create in the observer a mental 

state that matches that of the target. According to the “theory-theory” view of theory-of-mind, 

people attribute mental states to others using commonsense (“folk psychology”) theoretical 

reasoning based on tacitly known causal laws together with information about the target (the 

description here follows Gallese and Goldman, 1998). Goldman and Sripada (2005) review the 

proponents of each theory across developmental psychology, philosophy and neuroscience, and 

also discuss some hybrid models. 

 
Web Appendix I.10 Details referred to in footnote 13 

Goleman (1995)’s concept of emotional intelligence incorporates a broad range of soft skills or 

character skills such as: self-control, zeal, persistence, and self-awareness; and the ability to 

motivate oneself, to delay gratification, to regulate one’s moods, to empathize, to hope, to read 

another’s innermost feelings, and to handle relationships smoothly. As Goleman (1995) notes, 

his work builds on Salovey and Mayer (1990), and “there is an old-fashioned word for the body 

of skills that emotional intelligence represents: character.” Goleman (1998) emphasizes the im- 

portance of emotional intelligence for effective leadership, while Goleman and Boyatzis (2017) 

categorize emotional intelligence skills into four key domains: self-awareness, self-management, 

social awareness, and relationship management. As noted above, one of the many soft skills 

included in Goleman (1995)’s concept of emotional intelligence is the ability to read others’ feel- 

ings. Thus, emotional intelligence incorporates aspects of theory-of-mind, and so emotional in- 

telligence can influence strategic sophistication through the effect of theory-of-mind on strategic 

sophistication discussed in Section 2.2. More broadly, emotional intelligence will help determine 

success in strategic interactions that depend on relationship management and leadership skills. 

Beldoch (1964) is recognized as the first to use the term “emotional intelligence.” However, 

Beldoch (1964) uses the term only once and does not provide a definition. Beldoch (1964) 

uses the term “emotional sensitivity” to refer to the ability to identify emotions (from spoken 

language, art and music) and views emotional sensitivity as an aspect of emotional intelligence. 

Leuner (1966) also uses the term “emotional intelligence;” the article is in German, but Mayer 

et al. (2011) provide a useful summary: “In a prefeminist German article on motherhood, the 
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author speculated that women might reject their roles as housewives and mothers due to a lack 

of emotional intelligence (Leuner, 1966). (We note that Leuner proposed LSD as a treatment 

for such women!)” 

 
Web Appendix I.11 Quote referred to in footnote 14 

“Many unresolved questions about strategic behavior concern the extent to which it reflects 

players’ analyses of their environment as a game, taking its structure and other players’ incentives 

into account. This notion, which we call strategic sophistication, is the main difference between 

the behavioral assumptions of traditional noncooperative and cooperative game theory, which 

take it to be unlimited, and evolutionary game theory and adaptive learning models, which take 

it to be nonexistent or severely limited.” (Costa-Gomes et al., 2001, p.1193) 

 
Web Appendix I.12 Details referred to in footnote 19 

The psychology literature suggests that theory-of-mind is not just a proxy for social skills be- 

cause theory-of-mind plays a fundamental role in developing and underpinning social skills. In 

Section 2.3 we define what we mean by social skills and we describe some of the mechanisms by 

which childhood theory-of-mind helps children to develop these social skills, and below we list 

a number of quotes from the psychology literature that emphasize how social skills depend on 

theory-of-mind. 

• “ “Theory of mind,” the ability to make inferences about others’ mental states, seems to 

be a modular cognitive capacity that underlies humans’ ability to engage in complex social 

interaction” (Stone et al., 1998) 

• “Understanding others’ mental states is a crucial skill that enables the complex social 

relationships that characterize human societies” and “disengagement of ToM has been 

linked to the breakdown of positive interpersonal and intergroup relationships” (Kidd and 

Castano, 2013) 

• “Theory of mind, or the ability to make inferences about the mental states of other peo- 

ple, is thought to be the proximate mechanism underlying humans’ ability to function in 

complex, collaborative social networks” (Liddle and Nettle, 2006) 

• “In conclusion, ToM is an essential prerequisite for the development and maintenance of 

close interpersonal relationships” and “in the context of normal adult aging, age-related 

reductions in ToM mediate a substantial decline in social participation” (Henry et al., 

2013) 

• “it has been widely proposed that difficulties in inferring others’ mental states, or ‘theory 

of mind’ (ToM), are responsible for the reduced social skills observed in ASD” (Livingston 

et al., 2019) 
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Web Appendix I.13 Details referred to in the first paragraph of Section 6.2.1 

The following two quotes from the ALSPAC documentation provide details about how the 

DANVA2-CF was implemented.77 

• “The faces subtest comprises 24 photos of child faces, with each face showing one of four 

emotions: happiness, sadness, anger or fear. The photos are presented to the child for two 

seconds each and he or she must respond as to whether the person in the photo is happy, 

sad, angry or afraid.” 

• “The full 24-item faces subtest was administered. The tester explained the procedure to 

the child and read out the four words, Happy; Sad; Angry and Fearful and ensured that 

the child understood their meaning. The child was placed in front of a computer screen 

on which each face was shown for approximately two seconds. As each picture appeared 

the child was asked to state which emotion the face was showing. Note, that the pictures 

were of either high or low intensity (i.e. the emotion displayed was easier to identify or a 

little harder).” 

 
For each photograph, the subject scores one point if she correctly identifies the corresponding 

emotion. Thus, the test produces a score out of twenty-four. ALSPAC followed the recommen- 

dation in the DANVA2 manual (Nowicki, 2015) by showing each photograph for two seconds. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

77See “Focus @ 8” (March 2018) in the ALSPAC data dictionary (www.bristol.ac.uk/alspac/researchers/access). 

http://www.bristol.ac.uk/alspac/researchers/access)
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Web Appendix II 

Theory-of-mind and altruism, empathy, reciprocity, and openness 

 
In Section 2 we note that data from the existing literature and data from our gift-exchange 

game show that theory-of-mind is not, or only very modestly, related to pro-social preferences 

and behaviors such as altruism, empathy or reciprocity. Here we review that evidence, together 

with the evidence on the relationship between theory-of-mind and openness.78 

 
Altruism 

First, we use our experimental data to provide novel evidence on the relationship between theory- 

of-mind and altruism. In particular, we study the behavior of the allocators in our gift-exchange 

game. From the perspective of the allocator, our gift-exchange game is similar to a mini-dictator 

game. We find that subjects with higher theory-of-mind ability (compared to peers of the same 

age) are slightly less likely to offer the generous split of the ten super-tokens, although the effect 

is not statistically significant at the ten-percent level.79 

Second, to study further the relationship between theory-of-mind and altruism, we survey 

existing evidence on the relationship between theory-of-mind and sharing in the dictator game. 

Among three- to five-year-olds, Rochat et al. (2009) find no relationship when controlling for 

age, while Cowell et al. (2015) find a strong negative relationship. Among three- to eight-year- 

olds, Kogut et al. (2016) find no relationship, unless the recipient is identified as needy. Among 

three- to eleven-year olds, Liu et al. (2016) find no relationship. Among five- to twelve-year olds, 

Cowell et al. (2017) find a small positive relationship. Among university students, Edele et al. 

(2013) and Artinger et al. (2014) find no relationship, while Lang et al. (2018) find a positive 

relationship. Among adults, Gross and Wronski (forthcoming) find no relationship, unless the 

recipient and donor share the same race or the recipient is identified as deserving. 

 
Empathy 

We first note that the term “cognitive empathy” is synonymous with theory-of-mind, while 

“affective empathy” is defined as “feeling an appropriate emotion triggered by seeing/learning of 

another’s emotion” (Baron-Cohen and Wheelwright, 2004). Based on a meta-analysis of sixty- 

six studies with over eleven thousand subjects, Murphy and Lilienfeld (2019) find a modest 

positive correlation of 0.12 between theory-of-mind and affective empathy. 

 
Reciprocity 

First, we remind the reader that we find no statistically significant relationship between theory- 

of-mind and reciprocity using the data from our gift-exchange game, in the sense that theory- 

of-mind does not predict whether receivers respond to the number of tokens given to them when 
 

78We exclude studies based on clinically atypical samples (e.g., autistic children). 
79In Treatment A (B), the generous split is 5/5 (2/8). In each case, we run a logistic regression of an indicator 

for whether the allocator offered the generous split on age, age-standardized theory-of-mind ability and age- 
standardized cognitive ability, with and without controls for the demographics that we collected (gender and 
school). In all cases, the estimated average marginal effect is negative but not statistically significant at the ten-
percent level. 
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deciding whether to give a super-token back to the allocator (see Table 5, and the associated 

discussion in the penultimate paragraph of Section 5).80 

Second, we survey the limited evidence from the existing literature on the relationship be- 

tween theory-of-mind and reciprocity. This existing literature is small and inconclusive. Among 

university students, Ridinger and McBride (2017) find that theory-of-mind correlates positively 

with the probability of cooperating after observing first-mover cooperation in a sequential pris- 

oners’ dilemma game; however, after controlling for beliefs the correlation is not statistically 

significant, and so Ridinger and McBride (2017) conclude that the effect of theory-of-mind op- 

erates through beliefs rather than preferences. Among preschoolers, and using an ultimatum 

game followed by an unexpected dictator game, Schug et al. (2016) find that theory-of-mind 

correlates positively with reciprocity. 

 
Openness 

We found eight correlations between theory-of-mind and openness reported in the literature 

(Realo et al., 2003; Nettle and Liddle, 2008; Ferguson and Austin, 2010; Engel et al., 2014; 

Ewing et al., 2016; all of these studies use adult subjects). Of those eight correlations, five were 

not statistically significant, while three were positive and statistically significant. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

80Instead, we find that theory-of-mind predicts whether receivers condition their behavior on the allocator’s 

forgone alternative, and so theory-of-mind helps children to direct reciprocity appropriately according to the 
intentions of the allocator. 
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Web Appendix III 

Persistence of cognitive skills 

In Section 2 we note that the existing literature finds that theory-of-mind and cognitive 

ability show a substantial degree of persistence. Here we review the evidence. 

 
Persistence of theory-of-mind 

In Table A.1 we survey existing literature on the persistence of theory-of-mind. The table notes 

explain how we selected the studies. 

 

Study 
Sample Initial age Final age Persistence 

 size (years) (years) (correlation) 

 
Warrier et al. (2018) 

 
259 

 
37.0 

 
39.0 

 
0.47 

Fernández-Abascal et al. (2013) 358 34.2 35.2 0.63 

Khorashad et al. (2015) 44 25.8 26.8 0.74 

Bia-lecka-Pikul et al. (forthcoming) 96 16.2 17.2 0.63 

Bia-lecka-Pikul et al. (forthcoming) 105 13.2 14.2 0.74 

Lecce et al. (2017) 113 9.3 10.3 0.44 

Banerjee et al. (2011) 138 9.0 11.0 0.29 

Peterson and Wellman (2019) 37 7.3 8.5 0.74 

Banerjee et al. (2011) 72 6.0 8.0 0.45 

 

Notes: We restrict attention to studies that measure theory-of-mind of the same individuals at different ages 
using the same test over a period of one year or longer (when a study reports persistence over a period of time 
and over intervals of that period, we report results over the entire period). To align with the age of the youngest 
participants in our experiment, we further restrict attention to findings for individuals aged five years and older. 

Finally, we exclude studies based on clinically atypical samples (e.g., autistic children). 

Table A.1: Persistence of theory-of-mind. 
 
 

Persistence of cognitive ability 

Researchers have been studying the persistence of cognitive ability in childhood for several 

decades. Bloom (1964, Chapter 3) surveys the literature and concludes that cognitive ability 

is variable in early childhood but becomes stable at around age eight (see Jensen, 1969, and 

Jensen, 1980, for further discussion). To illustrate the persistence of cognitive ability over the 

life course, we focus on studies that measure cognitive ability in both childhood and adulthood. 

In particular, a handful of recent studies have tracked cognitive ability from childhood through 

to middle and old age. Drawing on samples from four British cohort surveys, Gale et al. (2012) 
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find a correlation between cognitive ability at age eleven and later in life (age fifty-one to seventy- 

nine) of between 0.43 and 0.53. Based on the Lothian Birth Cohorts of 1921 and 1936, Gow 

et al. (2011) find correlations between cognitive ability at age eleven and cognitive ability at age 

seventy, seventy-nine and eighty-seven of 0.67, 0.66 and 0.51, respectively. 
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Web Appendix IV 

Experimental instructions 

The experimental instructions are translated from the original Spanish. In the original Spanish 

instructions we use the neutral form “lo” to refer to the third person. In this English translation 

we use the feminine gender throughout. 

 
The experimental instructions were read aloud, with explanations supported by projections of 

decisions screens onto a screen/wall. 

 
Web Appendix IV.1 Instructions for Phase 1 

 
Hello everyone! My name is [experimenter] and I am a teacher81 just like [supervisor from 

school staff ]. Who knows why have we brought you here today? The reason is because we are 

going to play some games with you. Who likes games? 

 
Today, we are going to complete some puzzles so that I can learn a little about you. For 

this I have given you a tablet like this one [show]. Who has used a tablet like this before? On 

this side of the tablet there are two buttons [show]. Please do not press them. If there is any 

problem with the tablet at any stage, or there is something that you do not understand, raise 

your hand. The tablet is personal, so you cannot swap it with another person. 

 
What you do in each game is anonymous, which means that I will not know what you have 

done in the games. Your classmates must not know what you have done either, so do not dis- 

cuss it or say it aloud. I am going to be very strict: if someone says what he is doing aloud, I 

will ask that person to return to class. 

 
Let’s start. Put the tablets on [location]. 

 

I am now going to read some stories. Pay attention. At the end of each story we will com- 

plete some exercises. In each exercise, I am going to read two sentences about the story: option 

A and option B. Only one of the options is true, and you have to decide which one is true. You 

will see the options written on your tablet, but you will not see the story, as in the example on 

the screen/wall [point at the projection on the screen/wall]. You will also see two green 

buttons. One has the letter A [show], and the other the letter B [show]. 

 
If you think that the true sentence is sentence A, then press on the button that has the letter 

A; and if you think that the true sentence is sentence B, then press on the button that has the 

letter B. 

 
 
 

 
81In Spanish we used the word “profesor”, which refers to both a teacher and a university professor/lecturer. 
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When you have pressed one of the buttons, you will be able to see the option you have chosen 

on your tablet, here [show]. If you make a mistake, you can change the option by pressing the 

other button. To submit the answer, press the blue button with the white arrow [show]. I’m 

going to read the stories only once. So you have to pay close attention. 

 
Let’s see an example. I’m going to read a story. Listen! 

 

“Pedro went to the kitchen because he wanted a glass of water. When Pedro got the glass 

of water, it fell on the floor.” 

 
I’m going to read the first pair of sentences: 

 
A. Pedro wanted an apple. 

 
B. Pedro wanted a glass of water. 

 
Which one is the right choice? Yes, the right choice is B. Look at the screen. Which button 

should you press now? When you press that button you will see the letter B here [show]. 

Another example regarding the story about Pedro: 

A. Pedro went to the kitchen. 
 
B. Pedro went to the bathroom. 

 
Which one is the right choice? Yes, the right choice is A. Look at the screen. Which button 

should you press now? When you press that button you will see the letter A here. Now, take 

your tablets. Do not press any of the buttons. 

 
I’m going to read the first story... 

 

[Subjects complete an Imposing Memory Task designed specifically for children, 

as described in Section 3.2.1] 

 
This is the last test of the day. As you can see [point at the projection of the first 

Raven’s Progressive Matrix (A1)], at the top there is a figure with a missing piece. Each of 

the pieces below is of the right size to fit the gap, but not all complete the figure. Piece number 

1 [show] is not the right one. Pieces number 2 and 3 [show] do not work either: they fill the 

gap, but neither is the right piece. What about piece number 6? It has the required pattern 

[show], but it does not totally cover the gap. 

 
Using your tablet, press on the right piece. [Check subjects’ responses. If there were 

any wrong choices, repeat the explanation again.] Yes, piece number 4 is the right one. 

Now, on your tablet, you can see the number of the piece that you have selected [show]. 
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Next you will see a series of figures with a missing piece, similarly to this one [point at the 

projection of the first Raven’s Progressive Matrix (A1)]. For each figure you have to 

decide which of the pieces at the bottom is the one that completes the figure at the top. When 

you discover it, press with your finger on the piece. At that time the tablet will show the number 

of the piece that you have selected. To move to the next image, press on the blue button with a 

white arrow at the bottom of the screen. [Check that all the subjects can see the second 

Raven’s Progressive Matrix (A2) on their tablets.] 

 
The problems are easy at the beginning, and gradually become more difficult. There is no 

catch. If you pay attention to the way the easy ones are solved, the later ones will be less 

difficult. Work on your own, and do not skip any exercise. You cannot go back either. You have 

all the time you need. Continue now until the end. When you finish, put the tablet [location] 

and raise your hand. 

 
[Subjects complete an age-appropriate Raven’s Progressive Matrices test, as de- 

scribed in Section 3.2.2.] 

 
Web Appendix IV.2 Instructions for Phase 2 

 
{As described in Section 3.3.2, some subjects completed the games according to Order X and 

others according to Order Y. The instructions here are for Order X.} 

 

Today you are going to participate in a few games. In each game you will be paired with another 

player who will be called ‘your partner’. 

 
In general, your partner will change from one game to another and will be chosen at ran- 

dom by the computer, so only the computer knows who your partner is in each game. Neither 

you nor I will know who your partner is. In each game, your partner could be in this room, but 

it is also very likely that your partner is not in this room. In fact, your partner may not have 

participated in the games yet. 

 
In each game you will receive an amount of tokens. The amount of tokens you receive in 

each game will depend on the decisions you take, but it will also depend on the decisions that 

your partner takes. When all the students in the school who are participating in the project 

have played, I will calculate the total amount of tokens that you have received in the games. 

{Four lower academic years} The total amount of tokens you have received can be ex- 

changed for things like these [show]. For example, you can exchange one token for a 

colored pencil. The rest of the things have a value in tokens. You take these things home: 

they are yours. 

{Three higher academic years} Then, I will give you a voucher with which you can buy 

whatever you want in either [local bookshop] or [online retailer]. The value of your 

voucher will depend on the amount of tokens you have received. For each token you receive 

the value of your voucher will increase by 10 cents of a Euro. 
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The more games there are, the more tokens you can receive and... 
 

{Four lower academic years} ...the more things you can take home. 

{Three higher academic years} ...the higher the value of your voucher will be. 

Remember that your partner may have not participated in the games yet. That is why it is very 

important that you do not tell the other students in the school what the games are about or 

what you did in the games. If you do, other students will have time to think about what they 

will do when it is their turn to play. That will put you at a disadvantage and you could get 

many fewer tokens than you expected. 

 
What you do in each game is anonymous, which means that I will not know what you have 

done in the games. Your classmates should not know what you have done either, so do not 

discuss it with each other or say it aloud. I will be very strict: if someone says what she is doing 

aloud, I will ask that person to leave the session and that person will not receive any tokens. If 

you have any questions at any stage, raise your hand. Pay close attention to the instructions 

of each game because the better you understand them, the more tokens you will receive in each 

game. 

 
You can now see the decision screen of the first game in your tablet [point at the projection 

of Figure A.1]. Please do not touch anything until I tell you to do so. 
 

Figure A.1: Decision screen in the 1-6 Token Request game. 
 

The screen shows a chequered red and white tablecloth. Just under the tablecloth you can see 

6 purple tokens, and just above the tablecloth there is a counter saying “I am going to ask for 0 

tokens.” The counter tells you how many tokens there are on the tablecloth. You can drag the 

tokens around the screen using your fingers. 

 
The first thing I want you to do is put one token on the tablecloth [check that subjects 

have done this]. You will now see that the counter says “I am going to ask for 1 token.” Now 

put another token on the tablecloth. What does the counter say now? [Wait for responses.] 

Now put the tokens that are on the tablecloth back to (more or less) where they were at the 

beginning, until the counter shows “I am going to ask for 0 tokens.” This blue button ends the 

game, so you must only press it when you are sure about what you want to do.82 

 
 
 

 
82The software did not allow children to submit a request of 0 tokens; in that case a pop-up window informed 

them that they had to choose a number of tokens between 1 and 6. 
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Game 1 (‘Baseline’ game)83 

 
Now I am going to read the instructions for the first game. Listen carefully. 

 

In this game your partner is another student from the school, randomly chosen by the com- 

puter, and who can be between 5 and 12 years old. Your partner might be in this room, but she 

might not be here. The rules of the game are the same for your partner. 

 
Your partner and you are going to ask for an amount of tokens. The amount must be between 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? 

 
Let’s see if you have understood.   How many tokens can you ask for?   And how many to- 

kens am I going to give you? When will I give you 10 tokens more than you asked for? Let’s 

look at some examples. Suppose the amounts asked for by two paired players are these [point 

at the projection of Figure A.2]. 

 

 
Figure A.2: First example. 

 

How many tokens has the first player asked for? And the second player? How many tokens does 

the first player receive? And the second player? Has any of the players asked for exactly one 

token less than the other player? Then the first player receives the two tokens she has asked 

for, and the second player receives the token that she has asked for and 10 more tokens, that is, 

11 tokens. 

 
[Two further examples are given.   In the second example, the first player asks 

for 4 tokens and the second player asks for 2 tokens. In the third example, they 

both ask for 3 tokens.] 

 
Using your fingers, put on the tablecloth the amount of tokens you want to ask for.   When 

the counter shows the number of tokens you want to ask for, press the blue button. 

 
 
 
 
 
 
 
 
 
 
 
 
 

83Game numbers and names were not read to the subjects. 
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Game 2 (‘Computer’ game) 
 

Let’s play the same game but remember that in general your partner changes in each game. 
 

In this game your partner is this computer [show]. The computer does not understand the 

rules of the game. The computer is not interested in the tokens and it does not care about any 

particular number.84 So, it is going to choose the number of tokens at random in each game.85 

What it is going to do is similar to rolling a die like this [show]. Before the die is rolled, nobody 

knows which number is going to come up and all numbers are equally likely. This means that a 

1 can come up just the same as a 2, a 3, 4, 5, or 6. So you can imagine that the computer is 

going to roll a die to decide the amount of tokens it is going to ask for. 

 
In this game your partner is this computer. The rules of the game are the same for your partner. 

Your partner and you are going to ask for an amount of tokens. The amount must be between 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? 

 
Using your fingers, put on the tablecloth the amount of tokens you want to ask for.   When 

the counter shows the number of tokens you want to ask for, press the blue button. 

 
Game 3 (‘Baseline’ game) 

 

Let’s play the same game but remember that in general your partner changes in each game. 
 

In this game your partner is another student from the school, randomly chosen by the com- 

puter, and who can be between 5 and 12 years old. Your partner might be in this room, but she 

might not be here. The rules of the game are the same for your partner. 

 
Your partner and you are going to ask for an amount of tokens. The amount must be between 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? 

 
Using your fingers, put on the tablecloth the amount of tokens you want to ask for.   When 

the counter shows the number of tokens you want to ask for, press the blue button. 

 
 
 
 
 
 
 
 
 
 

 
84In Spanish we used the colloquial expression “le dan todos los números igual.” 
85In Spanish we used the colloquial expressions “al azar (a suerte, a voleo).” 
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Game 4 (‘Baseline’ game). 
 

Let’s play the same game but remember that in general your partner changes in each game. 
 

In this game your partner is another student from the school, randomly chosen by the com- 

puter, and who can be between 5 and 12 years old. Your partner might be in this room, but she 

might not be here. The rules of the game are the same for your partner. 

 
Proceed! 

 

Game 5 (‘Raven’ game) 
 

Let’s play the same game but remember that in general your partner changes in each game. 
 

In this game your partner is a student who is in this room, chosen at random by the com- 

puter. The rules of the game are the same for your partner. This time I’m going to give you a 

piece of information about your partner. How many of you remember 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 show- 

ing 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 

partner is in the high or low score group [show in each player’s tablet]. 
 

Notes: Next to “Puntuacion de tu pareja” (“Your partner’s score”), a subject’s decision screen states whether 

the subject’s partner is in the high or low cognitive ability group. 

 

Figure A.3: Decision screen in the Raven game version of the 1-6 Token Request game. 
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I’m going to read the instructions. 
 

In this game your partner is a student who is in this room, chosen at random by the com- 

puter. The rules of the game are the same for your partner. On your tablet you can see if your 

partner is in the high or low score group. 

 
Your partner and you are going to ask for an amount of tokens. The amount must be between 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? 

 
Using your fingers, put on the tablecloth the amount of tokens you want to ask for.   When 

the counter shows the number of tokens you want to ask for, press the blue button. 

 
Game 6 (‘Baseline game). 

 

[Read same text as for Game 3 above.] 

Game 7 (‘Baseline’ game). 

[Read same text as for Game 4 above.] 

 
Web Appendix IV.3 Instructions for Phase 3 

 
{The instructions here are for Treatment A.} 

 

Let’s play a different game but remember that in general your partner changes in each game. 
 

In this game, you will receive an amount of super-tokens [point at the projection of Figure 

A.4]. These super-tokens are yellow and receiving one super-token is the same as receiving four 

tokens. 

 
 

 

Figure A.4: Equivalence between tokens and super-tokens. 
 

 
{Four lower academic years} So, for example, whereas you could exchange one token for 

one coloured pencil [show], you can exchange one super-token for four colored pencils 

[show]. 

{Three higher academic years} For each super-token you receive, the value of your voucher 

will increase by 40 cents of a Euro. 
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The computer has separated students in this room into two groups: tigers and lions. The com- 

puter has matched each tiger with a lion. You will know if you are a tiger or a lion, but neither 

you nor I will know who in this room is your partner. 

 
Each tiger starts this game with 10 super-tokens, while each lion starts the game with no 

super-tokens. Each tiger has to decide how many super-tokens she is going to keep and how 

many super-tokens she is going to give to her lion partner. Each tiger has two options. A tiger 

can: 

• Keep 8 super-tokens and give 2 super-tokens to her lion partner. 

• Keep 5 super-tokens and give 5 super-tokens to her lion partner. 

Once a tiger has made her decision, the computer will tell her lion partner what the tiger has 

done. In her tablet, the lion will see how many super-tokens the tiger has kept and how many 

super-tokens the tiger has given to her. Then, each lion has to make a decision. The lion can: 

• Keep all the super-tokens that the tiger has given to her. 

• Give back one of the super-tokens that the tiger has given to her. 

Let us see if you have understood the game. With how many super-tokens does a tiger start 

the game? And a lion? How many super-tokens can a tiger keep? Once the tiger has made a 

decision, the computer will tell each lion what her partner tiger has done. Then, what can the 

lion do? 

 
What you do in the game is anonymous, which means that I will not know what you have 

done in the games. Your classmates should not know what you have done either, so do not 

discuss it with each other or say it aloud. I will be very strict: if someone says what she is doing 

aloud, I will ask that person to leave the session and that person will not receive any tokens. If 

you have any questions at any stage, raise your hand. 

 
Let’s start the game. 

 

Those of you who are tigers can now see this screen [point at the projection of Figure 

A.5], while those of you who are lions continue to see the spinner.86 

 
 
 
 
 
 
 
 
 
 
 

 
86The tablets of Lions displayed a place-holder screen, but the Lions could also see the projection of a Tiger’s 

decision screen. 
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Figure A.5: Allocator (Tiger) decision screen. 

 
At the top of the screen it says “You are a Tiger.” Below, there are two figures. Each figure 

contains a red and white chequered tablecloth with a number of super-tokens on top. In each 

figure, under the title ‘Tiger’ you can see the number of super-tokens the tiger would keep, and 

under the title ‘Lion’ you can see the number of super-tokens that the tiger would give to her 

lion partner. 

 
For example, how many super-tokens would the tiger keep in this figure? [Point at the top 

figure.] And how many super-tokens would a tiger give to her lion partner? 

 
[Repeat previous paragraph for bottom figure.] 

 

If you are a tiger and want to keep 8 super-tokens and give 2 super-tokens to your lion partner, 

then you have to press this button [show]. If you are a tiger and want to keep 5 super-tokens 

and give 5 super-tokens to your lion partner, then you have to press this button [show]. 

 
Proceed! 

 

If you are a lion, you now can see this screen [point at the projection of Figure A.6]. 

At the top of the figure, it says “You are a Lion.” The screen shows the number of super- 

tokens that your tiger partner has kept, here [show], and the number of super-tokens that the 

tiger has given to you, here [show]. 

 
Here it says “Do you want to give back to the tiger one of the super-tokens that you received?” 

[Show.] 
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Figure A.6: Receiver (Lion) decision screen. 
 
 

If you are a lion, and you want to give back to your tiger partner one of the super-tokens 

that she has given to you, then press the button ‘Yes’. 

 
If you are a lion, and you do not want to give back to your tiger partner one of the super- 

tokens that she has given to you, then press the button ‘No’. 

 
Proceed! 

 

This is the end of the session. Thank you all for playing. When all the students who are 

participating in the project have played, I will let you know how many tokens in total you have 

received. Remember that the number of tokens you receive is not decided yet. In each game 

your partner has been chosen at random by the computer and, in general, your parter changed 

in each game. It is likely that you partner in some of the games has not played yet. For this 

reason, it is very important that you do not tell the other students in the school what the games 

are about or what you did in the games. If you do so, the other students will have time to think 

about what they are going to do when it is their turn to play. That puts you at a disadvantage 

and you may receive many fewer tokens than you expected. 

 
[An explanation of the procedure to exchange the tokens for items or vouchers 

followed. Students then went back to class.] 
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Web Appendix V 

Further details about the experiment 
 

 
Web Appendix V.1 Payment protocols 

 
Children in the four lower academic years exchanged their tokens for stationery and educational 

supplies. In each school, payoffs were computed and letters were produced to inform children 

of the number of tokens that they had earned. The letters included a menu with images of the 

items available for the children to choose from, together with the price, in tokens, of each item. 

Children could choose between graphite pencils, color pencils, color felt tips, erasers, pencil 

sharpeners, rulers, calculators, notebooks, pencil cases and Play-Doh. With the help of their 

teachers, children filled up the menus, stating the amounts of each item that they wanted. 

Children in the three higher academic years exchanged their tokens for vouchers, with each 

token worth 0.1 euros. In each school, payoffs were computed and letters were produced to 

inform children of the value of the vouchers that they had earned. The children were free to 

choose whether the voucher would be provided by a well-known online retailer or a popular 

bookshop located in the city of Santander. Parental consent was sought from those children 

who opted for the online retailer. Once the letters were collected, vouchers from the retailers 

were obtained and distributed to the children. 

 
Web Appendix V.2 Software & configuration of portable lab 

 
The intervention relied on a portable lab consisting of twenty tablets, an access point and a 

server. The tablets were 7” Asus Zen Pad 16GB, running Android 5.0 (Lollipop) on an Intel 

Atom x3-C3200 Processor. The access point was a Belkin F9K1102UK N600 Dual Band Wireless 

Cable Router. The server was a Lenovo laptop computer with Windows 10 on an Intel Core 

i3-5005U CPU at 2.GHz and 8GB of installed memory. The access point was wired to the server 

using a standard Ethernet cable, while the communication between the tablets and the access 

point was configured by Computer Services at the University of Strathclyde. 

The server had an installation of XAMPP v3.2.2., which is a free development environment 

containing, inter alia, the Apache HTML server, a database (MySQL), and PHP (v.5.6.3), 

a popular programming language that is typically used to control the communication between 

front-end HTML applications with a back-end sever and database. The main purpose of XAMPP 

is the development and testing of web applications; however, it can enable a standard laptop or 

desktop to operate as a server within a local network. 

All the software used for the intervention was written by the alphabetically-first author 

using javaScript (including jQuery), PHP, HTML and CSS (including Bootstrap). In order to 

guarantee subject anonymity, we used Hashids (http://hashids.org), an open-source library that 

generates short, unique, non-sequential identifiers from numbers and enabled us to separate 

personal data from subjects’ responses in the games and tests. 
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Web Appendix V.3 Pre-intervention pilots 

 
Three small pilots were completed prior to the intervention. 

In December 2014 forty-nine children aged sixteen and seventeen from a school in Santander, 

Spain, participated in a two-phase intervention similar to the first two phases described in this 

paper, but without any incentives. In the second phase, the children played four repetitions of 

the original 11-20 game (Arad and Rubinstein, 2012). 

In March 2015 thirty children aged six and seven from a school in Manchester, United 

Kingdom, played two incentivized repetitions of a variant of the 11-20 game with a strategy 

set restricted to {1, 2, 3, 4}. In this pilot we tested the children’s ability to subtract one from 

numbers up to ten and we discussed numeracy skills with the teacher responsible for the class. 

During the pilot, it became apparent that small children did not understand the meaning of 

the word ‘additional’, which resulted in an interruption while the experimenter was reading the 

instructions; we amended the instructions for the main experiment accordingly. 

In January 2016 we tested our tablets and software using forty children aged between five 

and twelve from a school in Santander, Spain (this school was not used in the main experiment). 

We tested only phase 2 of our experiment (and so the Raven game was not included). We did 

not use any incentives. 

 
Web Appendix V.4 Computer game 

 
Subjects played the ‘Computer game’ a single time. In the Computer game, subjects played 

the 1-6 Token Request game against the computer, which chose numbers uniform randomly. 

To convey the concept of uniform randomization to subjects, the experimenter explained that 

the computer did not understand the rules of the game and did not have any preference for 

particular numbers. Subjects were told that, instead, the computer would select the number of 

tokens at random, similarly to “rolling a die.” Thus, all subjects were told the distribution from 

which their opponent selected its strategy, and so the opponent’s behavior was predictable. For 

a risk-neutral subject, the best-response to the computer’s uniform randomization is to choose 

5. The payoff from choosing 6 is 6. The expected payoff from choosing x < 6 is x + 10/6, which 

is maximized at x = 5, giving 40/6 > 6. A strongly risk-averse subject will choose 6. For any 

degree of risk aversion, x < 5 is never a best-response. 
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Web Appendix VI 

Nash equilibrium in the 1-6 Token Request game 
 

 

 

Choice 1 2 3 4 5 6 

 
 

Probability 0.0 0.0 0.4 0.3 0.2 0.1 

 
 

Table A.2: Nash equilibrium mixing distribution. 
 

Assume that utility increases monotonically in money. There are no pure-strategy Nash 

equilibria. If a player chooses x ≥ 3, the best-response is x − 1, to which the best-response is 

x − 2. If a player chooses 2, the best-response is 1, to which the best-response is 6. If a player 

chooses 1, the best-response is 6, to which the best-response is 5. 

Assume risk-neutral players. We search for symmetric mixed-strategy Nash equilibria. Let 

px < 1 denote the probability of choosing x. Let πx denote the expected monetary payoff from 

choosing x. Expected payoffs are π6 = 6 and πx = x + 10px+1 for x ∈ {1, 2, . . . , 5}. First, by 

definition, the players must be indifferent over all the strategies with px > 0, and     px = 1. 

Second, there can be no gaps in the distribution: if px = 0, then πx > πx−1, and so by induction 

pz = 0 ∀z < x. Thus p6 ∈ (0, 1), which implies p5 > 0, and so: 

π5 = 5 + 10p6 = 6 =⇒ p6 = 0.1. 

Next, p4 > 0. If p4 = 0, then p5 = 0.9, which gives π4 = 13 > 6, a contradiction. Thus: 

 
π4 = 4 + 10p5 = 6 =⇒ p5 = 0.2. 

Next, p3 > 0. If p3 = 0, then p4 = 0.7, which gives π3 = 10 > 6, a contradiction. Thus: 

 
π3 = 3 + 10p4 = 6 =⇒ p4 = 0.3. 

Next, p2 = 0, which also implies that p1 = 0. If p2 > 0, then: 

 
π2 = 2 + 10p3 = 6 =⇒ p3 = 0.4  =⇒  

  
px > 1, 

a contradiction. Thus, p3 = 0.4 to give px = 1; and p3 = 0.4 ensures that there is no incentive 

to deviate to 2. 
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Web Appendix VII 

Robustness to measurement error in the gift-exchange game 
 

 
Web Appendix VII.1 Introduction 

In this appendix we provide evidence that our results in Table 4 (Section 5) on theory-of-mind 

and cognitive ability are robust to correcting the estimates for bias due to measurement error. 

Gillen et al. (2019) note that measurement error in an experimentally measured control variable 

can bias the estimate of an effect of interest. To correct for such bias due to measurement error, 

Gillen et al. (2019) propose using repeated measures of the same experimentally measured 

control variable.87 In our experiment, subjects completed our measures of cognitive ability and 

theory-of-mind (i.e., the Raven test and the IMT) a single time, and so we do not have access to 

repeated measures. However, Gillen et al. (2019) use simulations to estimate the extent of the 

bias arising from different degrees of measurement error in an experimentally measured control 

variable when the variable is measured a single time. The literature provides us with information 

about the extent of measurement error in our measures of cognitive ability and theory-of-mind 

(from subjects who have taken the Raven test or IMT multiple times). Using this information 

about the extent of measurement error, we run Gillen et al. (2019)-style simulations to correct 

our estimates for bias due to this measurement error, and we find that our results in Table 4 on 

the effects of theory-of-mind and cognitive ability are robust to this correction. 

Web Appendix VII.2 provides an overview of the bias-correction procedure, Web Appendix 

VII.3 describes the details of the bias-correction procedure, and Web Appendix VII.4 reports 

the bias-corrected estimates. 

 
Web Appendix VII.2 Overview of the bias-correction procedure 

First, we construct a data generation process (DGP) that explicitly includes noise in the mea- 

surement of cognitive ability and theory-of-mind, using information from the literature about the 

extent of this noise. Second, we estimate the parameters of this DGP by: (i) simulating many 

samples from the DGP (for a given vector of parameters); and (ii) then choosing the parameter 

vector that gives the best match between the average of the simulated samples (for the chosen 

parameter vector) and our experimental sample. Finally, we use these estimated parameters of 

the DGP to correct our estimates in Table 4 for the bias introduced by the measurement error. 

We conduct this exercise three times, first including error only in the measurement of cognitive 

ability, second including error only in the measurement of theory-of-mind, and third including 

error in the measurement of both cognitive ability and theory-of-mind. 

 
 
 
 
 
 
 

87Gillen et al. (2019) write: “At the heart of our approach is the combination of duplicate elicitations (usually 
two) of behavioral proxies and methods from the econometrics literature, particularly the instrumental-variables 
approach to errors in variables.” 
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Web Appendix VII.3 Details of the bias-correction procedure 

The bias-correction procedure starts with the following specification of the DGP for receiver 

behavior in the gift-exchange game: 

 
Y =    1[β0 + β1TreatmentA + β2Age + β3T ∗ + β4C∗ + 

β5(TreatmentA × Age) + β6(TreatmentA × T ∗) + β7(TreatmentA × C∗) + E > 0], 

where Y takes value 1 if the receiver gives one super-token back to the allocator, TreatmentA 

is an indicator for being in Treatment A, Age is age in years, T ∗ denotes theory-of-mind, C∗ 

denotes cognitive ability, and E denotes an error with a standard logistic distribution. T ∗ and 

C∗ follow a bivariate normal distribution with means of zero,  variances of fT  and fC,  and 

a  correlation  of  ρ.   Finally,  the  variables  {TreatmentA, Age, E} are  mutually  independent  and 

independent of {T ∗, C∗}, and all variables are independent over subjects. 

We now introduce measurement error. In particular, we assume that measured theory-of 

mind T = T ∗ + u, where the noise u ∼ N (0, 1 − fT ). Similarly, we assume that measured 

cognitive ability C = C∗ + v, where the noise v ∼ N (0, 1 − fC). Furthermore {u, v} are mutu- 

ally independent, independent of {TreatmentA, Age, E, T ∗, C∗}, and independent over subjects. 

Together, our assumptions ensure that T and C have means of zero and variances of one at 

every age; thus we match our analysis in the main text, where we work with age-standardized 

measures of theory-of-mind and cognitive ability. 

Note that 1 − fT represents the proportion of the variance in measured theory-of-mind that 

is due to measurement error. We conclude from the literature that measurement error accounts 

for approximately 10% of the variance of measured theory-of-mind when using the IMT, and so 

we set 1 − fT = 0.1. Similarly, we conclude from the literature that measurement error accounts 

for approximately 20% of the variance of measured cognitive ability when using the Raven test, 

and so we set 1 − fC = 0.2.88 

We use indirect inference to estimate the parameters of this DGP. In particular, we estimate 

the parameters of the DGP by: (i) simulating many samples from the DGP (for a given vector 

of parameters); and (ii) then choosing the parameter vector that gives the best match between 

the average of the simulated samples (for the chosen parameter vector) and our experimental 

sample. Each time we simulate samples from the DGP for given parameters, we simulate 100 

samples of size N = 207 (to match the N from the experimental sample) using the values of 

age and treatment in the experimental sample (the values of T ∗ and C∗ are generated by the 

bivariate distribution described above). When we estimate ρ, we match the average correlation 

between measured cognitive ability and measured theory-of-mind in the simulated samples with 

the correlation between the same variables in our experimental sample. When we estimate β, 
 

88We use the fact that the proportion of the variance of scores on a skill test that is due to measurement error is 
one minus the test-retest correlation between scores from two attempts on the test (assuming, as do Gillen et al., 
2019, that measurement error is orthogonal across the two attempts and the variance of the measurement error 
is constant across attempts). The Raven manual (Raven et al., 2000a) reports that the test-retest correlation of 
the Standard Progressive Matrices version of the Raven test is 0.9 when the test is taken twice one week apart 
and 0.8 when the test is taken twice one month apart (retest reliabilities for the Coloured Progressive Matrices 

are similar; Raven et al., 1998); thus, we make the conservative assumption that 1 − fC = 0.2. Stylianou (2007) 

provides the only evidence that we are aware of about the retest reliability of the IMT: from Stylianou (2007)’s 
data, the test-retest correlation of the IMT is 0.94 for children aged ten to thirteen and 0.95 for adolescents aged 

thirteen to sixteen, and so we make the conservative assumption that 1 − fT = 0.1. 
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we match summary measures of choice behavior in our experimental sample with the average 

of the same summary measures in the simulated samples (using a quadratic distance metric of 

dissimilarity).89 

Finally, we use these estimated parameters of the DGP to correct our estimates in Table 4 

for the bias introduced by the measurement error. In particular, we calculate average marginal 

effects for each sample that we simulate from the DGP given the estimated β and ρ, and we 

then average these marginal effects over the simulated samples. 

We conduct this exercise three times, first including error only in the measurement of cog- 

nitive ability (i.e., setting 1 − fT = 0), second including error only in the measurement of 

theory-of-mind (i.e., setting 1 − fC = 0), and third including error in the measurement of both 

cognitive ability and theory-of-mind. Tables A.3 to A.5 in Web Appendix VII.4 report the 

bias-corrected estimates. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
89We follow Bruins et al. (2018) by using in each sample the coefficient estimates from a linear probability model 

to summarize choice behavior from a non-linear DGP with a binary outcome variable, and by using Bruins et al. 
(2018)’s generalized indirect inference approach to solve the optimization problem, which combines a gradient- 
based optimizer with a procedure to smooth the objective function. The explanatory variables in the linear 
probability model are treatment, age, measured theory-of-mind, measured cognitive ability, and the interaction 
of the treatment with age, measured theory-of-mind and measured cognitive ability. 
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Web Appendix VII.4 Tables of results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

(0.073) 

 
 
 

 

Notes: See the notes to Table 4. Column (3) reports bias-corrected marginal effects following the procedure 

outlined in Web Appendix VII.2 and described in Web Appendix VII.3 (setting 1 − fT = 0). Column (2) reports bias-
corrected marginal effects from the same procedure, but where interaction terms are omitted from the DGP and 
estimation. Column (1) repeats the first column from Table 4. Standard errors in Columns (2) and (3) were 
obtained by bootstrapping; in particular, we repeated the bias-correction procedure 5,000 times, using a different 
bootstrap sample from the experimental sample for each replication, and then calculated the standard deviation 
of the bias-corrected marginal effects across the 5,000 bootstrap replications. ***, ** and * denote significance at 
the 1%, 5% and 10% levels (two-sided tests). 

Table A.3: Effect of treatment on probability that receiver gives one super-token to allocator: 

Robustness (measurement error in cognitive ability). 

 
(1) (2) (3) 

 
Treatment A 

 
0.095 

 
0.082 -0.123∗ 

 (0.068) (0.060) (0.063) 

Age 
 

0.013 -0.002 
  (0.021) (0.017) 

Theory-of-mind 
 

0.009 -0.026 

(T.o.M.)  (0.026) (0.031) 

Cognitive Ability 
 

0.002 0.003 

(Cogn. Ab.)  (0.032) (0.039) 

Treatment A. × Age 
  

0.051 

(0.037) 

Treatment A. × T.o.M. 
  

0.136∗∗ 
(0.065) 

Treatment A. × Cogn. Ab. 
  

0.005 

Subjects 207 207 

 
 

207 
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(0.061) 

 
 
 

 
 

Notes: See the notes to Table 4. Column (3) reports bias-corrected marginal effects following the procedure 

outlined in Web Appendix VII.2 and described in Web Appendix VII.3 (setting 1 − fC = 0). Column (2) reports 

bias-corrected marginal effects from the same procedure, but where interaction terms are omitted from the DGP 
and estimation. Column (1) repeats the first column from Table 4. Standard errors in Columns (2) and (3) were 
obtained by bootstrapping; in particular, we repeated the bias-correction procedure 5,000 times, using a different 
bootstrap sample from the experimental sample for each replication, and then calculated the standard deviation 
of the bias-corrected marginal effects across the 5,000 bootstrap replications. ***, ** and * denote significance at 
the 1%, 5% and 10% levels (two-sided tests). 

Table A.4: Effect of treatment on probability that receiver gives one super-token to allocator: 

Robustness (measurement error in theory-of-mind). 

 
(1) (2) (3) 

 
Treatment A 

 
0.095 

 
0.082 -0.126∗∗ 

 (0.068) (0.060) (0.063) 

Age 
 

0.013 0.001 
  (0.021) (0.017) 

Theory-of-mind 
 

0.009 -0.026 

(T.o.M.)  (0.026) (0.033) 

Cognitive Ability 
 

0.001 0.000 

(Cogn. Ab.)  (0.029) (0.034) 

Treatment A. × Age 
  

0.054 

(0.037) 

Treatment A. × T.o.M. 
  

0.151∗∗ 
(0.071) 

Treatment A. × Cogn. Ab. 
  

-0.002 

 
 

Subjects 

 
 

207 

 
 

207 

 
 

207 
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(0.074) 

 
 
 

 
 

Notes: See the notes to Table 4. Column (3) reports bias-corrected marginal effects following the procedure 
outlined in Web Appendix VII.2 and described in Web Appendix VII.3. Column (2) reports bias-corrected 
marginal effects from the same procedure, but where interaction terms are omitted from the DGP and estimation. 

Column (1) repeats the first column from Table 4. Standard errors in Columns (2) and (3) were obtained by 
bootstrapping; in particular, we repeated the bias-correction procedure 5,000 times, using a different bootstrap 
sample from the experimental sample for each replication, and then calculated the standard deviation of the bias-
corrected marginal effects across the 5,000 bootstrap replications. ***, ** and * denote significance at the 1%, 5% 
and 10% levels (two-sided tests). 

Table A.5: Effect of treatment on probability that receiver gives one super-token to allocator: 

Robustness (measurement error in cognitive ability and theory-of-mind). 

 
(1) (2) (3) 

 
Treatment A 

 
0.095 

 
0.082 -0.125∗∗ 

 (0.068) (0.060) (0.064) 

Age 
 

0.013 0.001 
  (0.021) (0.017) 

Theory-of-mind 
 

0.009 -0.026 

(T.o.M.)  (0.028) (0.034) 

Cognitive Ability 
 

0.002 0.002 

(Cogn. Ab.)  (0.032) (0.040) 

Treatment A. × Age 
  

0.052 

(0.037) 

Treatment A. × T.o.M. 
  

0.154∗∗ 
(0.072) 

Treatment A. × Cogn. Ab. 
  

-0.004 

 
 

Subjects 

 
 

207 

 
 

207 

 
 

207 
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Web Appendix VIII 

Description of controls used in analysis of ALSPAC data 

 
For presentational purposes, we divide the controls into four groups: controls for characteris- 

tics of the participant’s birth; controls for characteristics of the participant’s home environment; 

controls for parental characteristics; and controls for school characteristics. 

The controls for characteristics of the participant’s birth are as follows: 

• An indicator for being born female (from birth records). 

• ALSPAC’s preferred birthweight (combines obstetric records, birth records and ALSPAC’s 

own measurements). 

• ALSPAC’s best estimate of gestational age at birth (from obstetric records). 

• Maternal age at birth (calculated by ALSPAC from obstetric records). 

• An indicator for the participant resulting from a multiple pregnancy (from obstetric records). 

• An indicator for membership of the ALSPAC core sample (i.e., the sample recruited around 

the time of the participant’s birth). 

We construct controls for the characteristics of the participant’s home environment using 

information collected from questionnaires that the mothers of ALSPAC participants were asked 

to complete during the prenatal period and in the early years of the ALSPAC participant’s life, 

up to and around the time that theory-of-mind and cognitive ability were measured at mean 

age eight years and eight months (see Section 6.2).90,91 

The controls for characteristics of the home environment are as follows: 

• Mother’s marital status. 

• Family income per week. 

• Amount spent on food per week 

• Amount spent on childcare per week. 

• Mother’s home ownership status. 

• Mother living in public housing. 

• Mother’s employment status. 

• Mother’s partner’s employment status. 

• Number of children living in the mother’s household. 

• Parity (i.e., the number of previous pregnancies that resulted in either a livebirth or stillbirth), 

winsorized at the 99th percentile. 

• Mother having ever breast fed the participant. 

• Number of cigarettes the mother smokes per day. 

90Specifically, we use information from prenatal questionnaires called “Your Environment”, “Having a Baby” 

and “Your Pregnancy” and from further questionnaires that were administered to mothers of the ALSPAC par- 
ticipants when the participants reached the followings ages (questionnaire names in parentheses): 8 weeks (Me 
and My Baby); 6 months (My Son/Daughter); 8 months (Looking after the Baby); 18 months (Boy/Girl Toddler 
Questionnaire); 21 months (Caring for a Toddler); 30 months (My Study Son/Daughter); 33 months (Your Health, 
Events and Feelings); 42 months (My Study Son/Daughter’s Health and Behaviour); 47 months (Mother’s New 
Questionnaire); 61 months (Study Mother’s Questionnaire); 73 months (Mother’s Lifestyle); 85 months (Mother 
and Home); 97 months (Mother and Family); and 110 months (Mother of a 9 Year Old). 

91When a characteristic was measured multiple times, we sought to use all available measures, and we averaged 

across available measures at the participant level (before averaging, we de-meaned questionnaire-by-questionnaire 
to adjust for participant age when the questionnaire was administered). 
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• Number of cigarettes the mother’s partner smokes per day. 

• Number of books owned by the participant. 

• ALSPAC’s Neighbourhood Quality Index. 

The controls for parental characteristics are as follows:92 

• A set of controls based on indicators for the mother’s highest educational qualification (the 

qualification categories are: no qualifications; GCSE grade D–G, CSE or vocational qualifica- 

tion; GCSE grade A–C or O-level; A-level; and university degree). 

• An equivalent set of controls for the mother’s partner’s highest educational qualification. 

• An indicator for the mother being white. 

• An indicator for the mother’s partner being white. 

• A set of controls based on indicators for the mother’s occupational group (the occupational 

groups are the nine major groups in the Standard Occupational Classification 2000 (ONS, 

2000)). 

• An equivalent set of controls for the mother’s partners’ occupational group. 

We construct controls for the characteristics of the participant’s school using information 

collected from questionnaires that head teachers of schools of participants were asked to com- 

plete.93 

The controls for school characteristics are as follows: 

• Percentage of children at the participants’s school receiving free school meals, winsorized at 

the 1st and 99th percentiles. 

• Percentage of children at the participant’s school with special educational needs, winsorized 
at the 1st and 99th percentiles. 

• Number of children at the participant’s school, winsorized at the 1st and 99th percentiles. 

• An indicator for the participant attending a publicly-funded school. 

In Tables A.42 to A.45 in Web Appendix XIII we further include a control for locus of 

control. ALSPAC measured locus of control at age eight (in the “Focus @ 8” interview session) 

using a 12-item version of Nowicki and Strickland (1973)’s Children’s Nowicki Strickland Internal 

External scale (CNSIE). Nowicki et al. (2018) describe the development of this 12-item version 

and use the ALSPAC data; following Nowicki et al. (2018) we use the variable in the ALSPAC 

dataset that measures the CNSIE score for children who answered all 12 questions. 

In all cases, when a control is missing for a participant we include an indicator for the 

control being missing, and when a measure of a characteristic includes interval information we 

use interval regression to assign a value to each interval. 

 
 

92We construct controls for parental characteristics using information from questionnaires that we also used for 

the characteristics of the home environment. For each parental characteristic, we use the first available observation 
of that characteristic for each parent. 

93We use information from the “About Your School” questionnaire, administered when a participant was in 

Year 3, and the “Questionnaire for the Head Teacher”, administered when the participant was in Year 6 (children 
were aged seven at the beginning of Year 3 and ten at the beginning of Year 6). When a school is in one of the 
four Local Education Authorities (LEAs) in the ALSPAC data, we have access to anonymized school identifiers, 
which allow us to create an average measure of that school’s characteristics. We assign each participant to the 
first publicly-funded school in one of the four LEAs that we observe them attending; if the participant never 
attended such a school, she is assigned to a privately-funded school in one of the four LEAs or to a school outside 
these LEAs. 
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Web Appendix IX 

Robustness to measurement error in analysis of ALSPAC data 
 

 
Web Appendix IX.1 Introduction 

In Web Appendix VII we describe how we run Gillen et al. (2019)-style simulations to correct 

estimates from our gift-exchange game for bias due to measurement error in cognitive ability 

and theory-of-mind. In this appendix we use the same approach to correct our estimates in 

Tables 6 to 9 (Section 6.3) for bias due to measurement error. Using information from the 

literature about the extent of measurement error in our measures of cognitive ability and theory- 

of-mind (from subjects who have taken the WISC-III or DANVA2-CF multiple times), we find 

that our estimates of the effects of theory-of-mind and cognitive ability on adult outcomes in 

Tables 6 to 9 are broadly stable after correcting for bias due to measurement error, with a 

modest loss of precision in some cases. 

Web Appendix IX.2 provides an overview of the bias-correction procedure, Web Appendix 

IX.3 describes the details of the bias-correction procedure, and Web Appendix IX.4 reports the 

bias-corrected estimates. 

 
Web Appendix IX.2 Overview of the bias-correction procedure 

First, we construct a data generation process (DGP) that explicitly includes noise in the mea- 

surement of cognitive ability and theory-of-mind, using information from the literature about the 

extent of this noise. Second, we use indirect inference to estimate the parameters of this DGP 

by: (i) simulating many samples from the DGP (for a given vector of parameters); and (ii) then 

choosing the parameter vector that gives the best match between the average of the simulated 

samples (for the chosen parameter vector) and the estimation sample from the ALSPAC data. 

Finally, we use these estimated parameters of the DGP to correct our estimates in Tables 6 to 9 

for the bias introduced by the measurement error. For each adult outcome that we study, we 

conduct this exercise three times, first including error only in the measurement of cognitive 

ability, second including error only in the measurement of theory-of-mind, and third including 

error in the measurement of both cognitive ability and theory-of-mind. 

 
Web Appendix IX.3 Details of the bias-correction procedure 

The bias-correction procedure is the same as the procedure that we used to correct our gift- 

exchange game estimates for bias due to measurement error (see Web Appendix VII.3), apart 

from the following differences. 

First, given that we estimated linear models in Tables 6 to 9, we specify a linear DGP for 

each of the adult outcomes that we study.94 Furthermore, since we are no longer in the setting 

of the gift-exchange game experiment, the DGP does not include variables that involve Age or 

Treatment A. 

 
94We include a normally distributed error with a variance parameter in the DGP, and so our indirect inference 

procedure estimates this variance parameter. 
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Second, when using the estimation sample from the ALSPAC data in the indirect infer- 

ence procedure, we residualize the outcome, measured theory-of-mind and measured cognitive 

ability with respect to the controls (see Web Appendix VIII for a description of the controls); 

differencing in this way removes the need to explicitly model the controls when performing 

the bias correction while still accounting for the correlation of the controls with the outcome, 

theory-of-mind and cognitive ability.95 

Third, we conclude from the literature that measurement error accounts for approximately 

20% of the variance of measured theory-of-mind when using the DANVA2-CF, and so here we 

set 1 − fT = 0.2. Similarly, we conclude from the literature that measurement error accounts 

for approximately 10% of the variance of measured cognitive ability when using the WISC-III, 

and so here we set 1 − fC = 0.1.96 

Tables A.6 to A.17 in Web Appendix IX.4 report the bias-corrected estimates. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
95As in Web Appendix VII, the indirect inference procedure uses a linear regression model (note that the 

residualized outcome is not binary, and the same is true of the outcome from the linear DGP). 
96As in Web Appendix VII.3, we use the fact that the proportion of the variance of scores on a skill test that 

is due to measurement error is one minus the test-retest correlation between scores from two attempts on the 
test (assuming, as do Gillen et al., 2019, that measurement error is orthogonal across the two attempts and the 
variance of the measurement error is constant across attempts). The WISC-III manual (Wechsler, 1991) reports 
that the test-retest correlation of the WISC-III Full Scale IQ score is 0.94 for school children; thus, we make the 

conservative assumption that 1 − fC = 0.1. The DANVA2 manual (Nowicki, 2015) evidences that the test-retest 

correlation of the DANVA2-CF is 0.79 for school children; thus, we assume that 1 − fT = 0.2. 
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Web Appendix IX.4 Tables of results 
 
 

 
Number of close friends Ten or more close friends 

 
Theory-of-mind 

 
0.188∗∗ 
(0.081) 

 
0.020∗∗∗ 

(0.007) 

Cognitive ability 0.329∗∗∗ 
(0.102) 

0.025∗∗∗ 
(0.009) 

 
Participants 

 
3,887 

 
3,887 

Mean age 24.49 24.49 
Mean of dependent variable 6.76 0.16 

 

 
Notes: See the notes to Table 6. This table reports bias-corrected estimates following the procedure outlined 

in Web Appendix IX.2 and described in Web Appendix IX.3 (setting 1 − fT = 0).  Standard errors were obtained 

by bootstrapping; in particular, we repeated the bias-correction procedure 5,000 times, using a different bootstrap 
sample from the estimation sample (from the ALSPAC data) for each replication, and then calculated the standard 
deviation of the bias-corrected estimates across the 5,000 bootstrap replications. ***, ** and * denote significance 
at the 1%, 5% and 10% levels (two-sided tests). 

Table A.6: Close friends: Robustness (measurement error in cognitive ability). 
 
 
 
 
 

 
In education at 17 In education at 20 A-level qualification 

 
Theory-of-mind 

 
0.014∗∗ 

(0.006) 

 
0.017∗ 
(0.009) 

 
0.013∗ 
(0.008) 

Cognitive ability 0.026∗∗∗ 
(0.007) 

0.109∗∗∗ 
(0.010) 

0.106∗∗∗ 
(0.009) 

 
Participants 

 
4,091 

 
4,332 

 
4,332 

Mean age 17.76 20.95 20.95 
Mean of dependent variable 0.88 0.55 0.73 

 
 

Notes: See the notes to Table 7. This table reports bias-corrected estimates following the procedure outlined 

in Web Appendix IX.2 and described in Web Appendix IX.3 (setting 1 − fT = 0).  Standard errors were obtained 

by bootstrapping; in particular, we repeated the bias-correction procedure 5,000 times, using a different bootstrap 
sample from the estimation sample (from the ALSPAC data) for each replication, and then calculated the standard 
deviation of the bias-corrected estimates across the 5,000 bootstrap replications. ***, ** and * denote significance 
at the 1%, 5% and 10% levels (two-sided tests). 

Table A.7: Educational participation and attainment: 

Robustness (measurement error in cognitive ability). 
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Parent Number of children 

 
Theory-of-mind 

 
-0.012∗∗ 
(0.006) 

 
-0.023∗∗ 
(0.009) 

Cognitive ability -0.028∗∗∗ 
(0.007) 

-0.040∗∗∗ 
(0.011) 

 
Participants 

 
4,371 

 
4,371 

Mean age 25.76 25.76 
Mean of dependent variable 0.12 0.18 

 
 

Notes: See the notes to Table 8. This table reports bias-corrected estimates following the procedure outlined 

in Web Appendix IX.2 and described in Web Appendix IX.3 (setting 1 − fT = 0).  Standard errors were obtained 

by bootstrapping; in particular, we repeated the bias-correction procedure 5,000 times, using a different bootstrap 
sample from the estimation sample (from the ALSPAC data) for each replication, and then calculated the standard 
deviation of the bias-corrected estimates across the 5,000 bootstrap replications. ***, ** and * denote significance 
at the 1%, 5% and 10% levels (two-sided tests). 

Table A.8: Fertility: Robustness (measurement error in cognitive ability). 
 
 
 
 
 

 
Employed Log hourly wage Large workplace 

 
Theory-of-mind 

 
0.005 

 
-0.008 

 
0.018 

 (0.008) (0.008) (0.011) 

Cognitive ability 0.006 0.027∗∗ 0.031∗∗ 
 (0.010) (0.011) (0.014) 

 
Participants 

 
3,884 

 
2,999 

 
3,129 

Mean age 24.49 23.89 23.89 
Mean of dependent variable 0.81 2.05 0.60 

 
 

Notes: See the notes to Table 9. This table reports bias-corrected estimates following the procedure outlined 

in Web Appendix IX.2 and described in Web Appendix IX.3 (setting 1 − fT = 0).  Standard errors were obtained 

by bootstrapping; in particular, we repeated the bias-correction procedure 5,000 times, using a different bootstrap 
sample from the estimation sample (from the ALSPAC data) for each replication, and then calculated the standard 
deviation of the bias-corrected estimates across the 5,000 bootstrap replications. ***, ** and * denote significance 
at the 1%, 5% and 10% levels (two-sided tests). 

Table A.9: Employment, wages, and workplace size: 

Robustness (measurement error in cognitive ability). 
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Number of close friends Ten or more close friends 

 
Theory-of-mind 

 
0.253∗∗ 
(0.103) 

 
0.026∗∗∗ 

(0.009) 

Cognitive ability 0.287∗∗∗ 
(0.089) 

0.022∗∗∗ 
(0.008) 

 
Participants 

 
3,887 

 
3,887 

Mean age 24.49 24.49 
Mean of dependent variable 6.76 0.16 

 
 

Notes: See the notes to Table 6. This table reports bias-corrected estimates following the procedure outlined 

in Web Appendix IX.2 and described in Web Appendix IX.3 (setting 1 − fC = 0). Standard errors were obtained 

by bootstrapping; in particular, we repeated the bias-correction procedure 5,000 times, using a different bootstrap 
sample from the estimation sample (from the ALSPAC data) for each replication, and then calculated the standard 
deviation of the bias-corrected estimates across the 5,000 bootstrap replications. ***, ** and * denote significance 
at the 1%, 5% and 10% levels (two-sided tests). 

Table A.10: Close friends: Robustness (measurement error in theory-of-mind). 
 
 
 
 
 

 
In education at 17 In education at 20 A-level qualification 

 
Theory-of-mind 

 
0.018∗∗ 

(0.008) 

 
0.024∗∗ 
(0.011) 

 
0.019∗ 
(0.010) 

Cognitive ability 0.023∗∗∗ 
(0.007) 

0.096∗∗∗ 
(0.009) 

0.093∗∗∗ 
(0.008) 

 
Participants 

 
4,091 

 
4,332 

 
4,332 

Mean age 17.76 20.95 20.95 
Mean of dependent variable 0.88 0.55 0.73 

 
 

Notes: See the notes to Table 7. This table reports bias-corrected estimates following the procedure outlined 

in Web Appendix IX.2 and described in Web Appendix IX.3 (setting 1 − fC = 0). Standard errors were obtained 

by bootstrapping; in particular, we repeated the bias-correction procedure 5,000 times, using a different bootstrap 
sample from the estimation sample (from the ALSPAC data) for each replication, and then calculated the standard 
deviation of the bias-corrected estimates across the 5,000 bootstrap replications. ***, ** and * denote significance 
at the 1%, 5% and 10% levels (two-sided tests). 

Table A.11: Educational participation and attainment: 

Robustness (measurement error in theory-of-mind). 
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Parent Number of children 

 
Theory-of-mind 

 
-0.016∗∗ 
(0.007) 

 
-0.030∗∗ 
(0.012) 

Cognitive ability -0.025∗∗∗ 
(0.006) 

-0.036∗∗∗ 
(0.010) 

 
Participants 

 
4,371 

 
4,371 

Mean age 25.76 25.76 
Mean of dependent variable 0.12 0.18 

 
 

Notes: See the notes to Table 8. This table reports bias-corrected estimates following the procedure outlined 

in Web Appendix IX.2 and described in Web Appendix IX.3 (setting 1 − fC = 0). Standard errors were obtained 

by bootstrapping; in particular, we repeated the bias-correction procedure 5,000 times, using a different bootstrap 
sample from the estimation sample (from the ALSPAC data) for each replication, and then calculated the standard 
deviation of the bias-corrected estimates across the 5,000 bootstrap replications. ***, ** and * denote significance 
at the 1%, 5% and 10% levels (two-sided tests). 

Table A.12: Fertility: Robustness (measurement error in theory-of-mind). 
 
 
 
 
 

 
Employed Log hourly wage Large workplace 

 
Theory-of-mind 

 
0.007 

 
-0.011 

 
0.023 

 (0.010) (0.011) (0.014) 

Cognitive ability 0.005 0.024∗∗ 0.028∗∗ 
 (0.009) (0.009) (0.012) 

 
Participants 

 
3,884 

 
2,999 

 
3,129 

Mean age 24.49 23.89 23.89 
Mean of dependent variable 0.81 2.05 0.60 

 
 

Notes: See the notes to Table 9. This table reports bias-corrected estimates following the procedure outlined 

in Web Appendix IX.2 and described in Web Appendix IX.3 (setting 1 − fC = 0). Standard errors were obtained 

by bootstrapping; in particular, we repeated the bias-correction procedure 5,000 times, using a different bootstrap 
sample from the estimation sample (from the ALSPAC data) for each replication, and then calculated the standard 
deviation of the bias-corrected estimates across the 5,000 bootstrap replications. ***, ** and * denote significance 
at the 1%, 5% and 10% levels (two-sided tests). 

Table A.13: Employment, wages, and workplace size: 

Robustness (measurement error in theory-of-mind). 
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Number of close friends Ten or more close friends 

 
Theory-of-mind 

 
0.243∗∗ 
(0.104) 

 
0.025∗∗∗ 

(0.009) 

Cognitive ability 0.327∗∗∗ 
(0.102) 

0.024∗∗∗ 
(0.009) 

 
Participants 

 
3,887 

 
3,887 

Mean age 24.49 24.49 
Mean of dependent variable 6.76 0.16 

 
 

Notes: See the notes to Table 6. This table reports bias-corrected estimates following the procedure outlined 
in Web Appendix IX.2 and described in Web Appendix IX.3. Standard errors were obtained by bootstrapping; 
in particular, we repeated the bias-correction procedure 5,000 times, using a different bootstrap sample from the 
estimation sample (from the ALSPAC data) for each replication, and then calculated the standard deviation of 
the bias-corrected estimates across the 5,000 bootstrap replications. ***, ** and * denote significance at the 1%, 
5% and 10% levels (two-sided tests). 

Table A.14: Close friends: 

Robustness (measurement error in cognitive ability and theory-of-mind). 
 
 
 

 
 

In education at 17 In education at 20 A-level qualification 

 
Theory-of-mind 0.017∗∗ 0.021∗ 

 
0.016 

 (0.008) (0.011) (0.010) 

Cognitive ability 0.025∗∗∗ 
(0.007) 

0.109∗∗∗ 
(0.010) 

0.106∗∗∗ 
(0.009) 

 
Participants 

 
4,091 

 
4,332 

 
4,332 

Mean age 17.76 20.95 20.95 
Mean of dependent variable 0.88 0.55 0.73 

 
 

Notes: See the notes to Table 7. This table reports bias-corrected estimates following the procedure outlined 
in Web Appendix IX.2 and described in Web Appendix IX.3. Standard errors were obtained by bootstrapping; 
in particular, we repeated the bias-correction procedure 5,000 times, using a different bootstrap sample from the 
estimation sample (from the ALSPAC data) for each replication, and then calculated the standard deviation of 
the bias-corrected estimates across the 5,000 bootstrap replications. ***, ** and * denote significance at the 1%, 
5% and 10% levels (two-sided tests). 

Table A.15: Educational participation and attainment: 

Robustness (measurement error in cognitive ability and theory-of-mind). 
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Parent Number of children 

 
Theory-of-mind 

 
-0.015∗∗ 
(0.007) 

 
-0.029∗∗ 
(0.012) 

Cognitive ability -0.028∗∗∗ 
(0.007) 

-0.040∗∗∗ 
(0.011) 

 
Participants 

 
4,371 

 
4,371 

Mean age 25.76 25.76 
Mean of dependent variable 0.12 0.18 

 
 

Notes: See the notes to Table 8. This table reports bias-corrected estimates following the procedure outlined 
in Web Appendix IX.2 and described in Web Appendix IX.3. Standard errors were obtained by bootstrapping; 
in particular, we repeated the bias-correction procedure 5,000 times, using a different bootstrap sample from the 
estimation sample (from the ALSPAC data) for each replication, and then calculated the standard deviation of 
the bias-corrected estimates across the 5,000 bootstrap replications. ***, ** and * denote significance at the 1%, 
5% and 10% levels (two-sided tests). 

Table A.16: Fertility: Robustness (measurement error in cognitive ability and theory-of-mind). 
 
 
 
 
 

 
Employed Log hourly wage Large workplace 

 
Theory-of-mind 

 
0.006 

 
-0.011 

 
0.022 

 (0.010) (0.011) (0.014) 

Cognitive ability 0.006 0.027∗∗ 0.031∗∗ 
 (0.010) (0.011) (0.014) 

 
Participants 

 
3,884 

 
2,999 

 
3,129 

Mean age 24.49 23.89 23.89 
Mean of dependent variable 0.81 2.05 0.60 

 
 

Notes: See the notes to Table 9. This table reports bias-corrected estimates following the procedure outlined 
in Web Appendix IX.2 and described in Web Appendix IX.3. Standard errors were obtained by bootstrapping; 
in particular, we repeated the bias-correction procedure 5,000 times, using a different bootstrap sample from the 
estimation sample (from the ALSPAC data) for each replication, and then calculated the standard deviation of 
the bias-corrected estimates across the 5,000 bootstrap replications. ***, ** and * denote significance at the 1%, 
5% and 10% levels (two-sided tests). 

Table A.17: Employment, wages, and workplace size: 

Robustness (measurement error in cognitive ability and theory-of-mind). 
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Web Appendix X 

Robustness to measurement error in the Baseline games 
 

 
Web Appendix X.1 Introduction 

In Web Appendix VII we describe how we run Gillen et al. (2019)-style simulations to provide 

evidence that the results from our gift-exchange game are robust to correcting for bias due to 

measurement error in cognitive ability and theory-of-mind. In this appendix, we use the same 

approach to correct our estimates in Table 2 (Section 4.2) for bias due to measurement error. We 

also correct our estimates in the associated Table A.27 (Web Appendix XIII), which replicates 

Table 2 using binary rather than continuous measures of cognitive skills. Using information from 

the literature about the extent of measurement error in our measures of cognitive ability and 

theory-of-mind (from subjects who have taken the Raven test or the IMT multiple times; see 

Web Appendix VII.3), we find that our estimates of the effects of theory-of-mind and cognitive 

ability in Table 2 and Table A.27 are robust to correcting for bias due to measurement error, with 

a modest change in precision in some cases. We note in particular that in the specification with 

binary measures of cognitive skills (which reduces the influence of outliers on the distribution 

of skills), the effect of theory-of-mind on level-1 behavior remains statistically significant at the 

one-percent level after correcting for bias. 

Web Appendix X.2 provides an overview of the bias-correction procedure, Web Appendix 

X.3 describes the details of the bias-correction procedure, and Web Appendix X.4 reports the 

bias-corrected estimates. 

 
Web Appendix X.2 Overview of the bias-correction procedure 

First, we construct a data generation process (DGP) that explicitly includes noise in the mea- 

surement of cognitive ability and theory-of-mind, using information from the literature about the 

extent of this noise. Starting with Table 2, we use indirect inference to estimate the parameters 

of this DGP by: (i) simulating many samples from the DGP (for a given vector of parameters); 

and (ii) then choosing the parameter vector that gives the best match between the average of 

the simulated samples (for the chosen parameter vector) and our experimental sample. We then 

use these estimated parameters of the DGP to correct our estimates in Table 2 for the bias 

introduced by the measurement error. We conduct this exercise three times, first including error 

only in the measurement of theory-of-mind, second including error only in the measurement 

of cognitive ability, and third including error in the measurement of both cognitive ability and 

theory-of-mind. Finally, we repeat the procedure to correct the estimates in Table A.27. 

 
Web Appendix X.3 Details of the bias-correction procedure 

The bias-correction procedure is the same as the procedure that we used to correct our gift- 

exchange game estimates for bias due to measurement error (see Web Appendix VII.3), apart 

from the following differences. 
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First, the outcomes here are fractions, and so we replace the DGP for a binary outcome 

variable with the following DGP for the fraction of rounds Yj that an individual chooses number 

j ∈ {1, 2, ..., 6} over the five repetitions r ∈ {1, 2, ..., 5} of the Baseline game: 

5 

Y = 
1 

1[u 
j 

5
 
r=1 

j,r > max 
k∈{1,2,...,6}\j 

uk,r], 

uj,r =  βj + βjAge + βjT ∗ + βjC∗ + εj,r, 
0 1 2 3 

where εj,r denote independently-distributed errors from the standard extreme value type-1 dis- 

tribution (here we use the extreme value distribution because Table 2 and Table A.27 are based 

on fractional logits in a multinomial setting; Age, T ∗ and C∗ are defined in Web Appendix 

VII.3). Second, each time we simulate samples from the DGP for given parameters, we simulate 

samples of size N = 730 (to match the N from the experimental sample).97 

Tables A.18 to A.23 in Web Appendix X.4 report the bias-corrected estimates. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

97As described in footnote 89, in Web Appendix VII.3 we followed Bruins et al. (2018) by using in each sample 
the coefficient estimates from a linear probability model to summarize choice behavior from a non-linear DGP; 
here we extend that approach by using the coefficient estimates from linear regression models of the fractional 

outcomes Yj  to summarize behavior in each sample.  In relation to Table 2, the explanatory variables in each linear 

regression model are age, measured theory-of-mind and measured cognitive ability. In relation to Table A.27, the 
explanatory variables in each linear regression model are age, an indicator for above-median measured theory-of- 
mind, and an indicator for above-median measured cognitive ability. 
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Web Appendix X.4 Tables of results 
 
 
 
 
 
 
 
 
 
 
 
 

 
Choice 1 2 3 4 5 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 -0.022∗∗∗ 

 
0.001 

 
0.003 0.027∗∗∗ 0.020∗∗∗ -0.029∗∗∗ 

 (0.003) (0.003) (0.004) (0.005) (0.006) (0.001) 

Theory-of-mind 0.000 -0.011 -0.014 0.006 0.018∗ 0.000 
 (0.009) (0.006) (0.009) (0.009) (0.011) (0.004) 

Cognitive ability -0.017∗ -0.003 0.008 0.011 0.018∗ -0.017∗∗∗ 
 (0.009) (0.006) (0.008) (0.008) (0.010) (0.005) 

 
Subjects 

 
730 

 
730 

 
730 

 
730 

 
730 

 
730 

 
 

Notes: See the notes to Table 2. This table reports bias-corrected marginal effects following the procedure outlined 

in Web Appendix X.2 and described in Web Appendix X.3 (setting 1 − fC = 0). Standard errors were obtained by 

bootstrapping; in particular, we repeated the bias-correction procedure 5,000 times, using a different bootstrap 
sample from the experimental sample for each replication, and then calculated the standard deviation of the bias-
corrected marginal effects across the 5,000 bootstrap replications. ***, ** and * denote significance at the 1%, 
5% and 10% levels (two-sided tests). 

Table A.18: Probability of choices in the Baseline games: 

Robustness (measurement error in theory-of-mind). 
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Choice 1 2 3 4 5 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 -0.021∗∗∗ 

 
0.000 

 
0.001 0.026∗∗∗ 0.023∗∗∗ -0.030∗∗∗ 

 (0.004) (0.004) (0.005) (0.005) (0.006) (0.002) 

Above median 0.002 -0.021 -0.033∗ -0.005 0.060∗∗∗ -0.003 

theory-of-mind (0.022) (0.015) (0.018) (0.017) (0.019) (0.023) 

Above median -0.043∗∗ 0.006 -0.006 0.036∗∗ 0.030∗ -0.023 

cognitive ability (0.018) (0.013) (0.015) (0.014) (0.016) (0.019) 

 
Subjects 

 
730 

 
730 

 
730 

 
730 

 
730 

 
730 

 
 

Notes: See the notes to Table A.27. This table reports bias-corrected marginal effects following the procedure 

outlined in Web Appendix X.2 and described in Web Appendix X.3 (setting 1 − fC = 0). Standard errors were 

obtained by bootstrapping; in particular, we repeated the bias-correction procedure 5,000 times, using a different 
bootstrap sample from the experimental sample for each replication, and then calculated the standard deviation 
of the bias-corrected marginal effects across the 5,000 bootstrap replications. ***, ** and * denote significance at 
the 1%, 5% and 10% levels (two-sided tests). 

Table A.19: Probability of choices in the Baseline games (binary measures of cognitive skills): 

Robustness (measurement error in theory-of-mind). 
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Choice 1 2 3 4 5 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 -0.021∗∗∗ 

 
0.001 

 
0.002 0.027∗∗∗ 0.021∗∗∗ -0.029∗∗∗ 

 (0.003) (0.003) (0.004) (0.005) (0.006) (0.001) 

Theory-of-mind 0.001 -0.010 -0.012 0.005 0.015 0.001 
 (0.009) (0.007) (0.009) (0.009) (0.010) (0.005) 

Cognitive ability -0.019∗∗ -0.004 0.007 0.012 0.021∗∗ -0.017∗∗∗ 
 (0.010) (0.006) (0.008) (0.008) (0.011) (0.005) 

 
Subjects 

 
730 

 
730 

 
730 

 
730 

 
730 

 
730 

 
 

Notes: See the notes to Table 2. This table reports bias-corrected marginal effects following the procedure outlined 

in Web Appendix X.2 and described in Web Appendix X.3 (setting 1 − fT = 0). Standard errors were obtained by 

bootstrapping; in particular, we repeated the bias-correction procedure 5,000 times, using a different bootstrap 
sample from the experimental sample for each replication, and then calculated the standard deviation of the bias-
corrected marginal effects across the 5,000 bootstrap replications. ***, ** and * denote significance at the 1%, 
5% and 10% levels (two-sided tests). 

Table A.20: Probability of choices in the Baseline games: 

Robustness (measurement error in cognitive ability). 
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Choice 1 2 3 4 5 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 -0.020∗∗∗ 

 
-0.001 

 
0.000 0.028∗∗∗ 0.022∗∗∗ -0.029∗∗∗ 

 (0.004) (0.003) (0.005) (0.005) (0.006) (0.002) 

Above median 0.006 -0.020 -0.028 -0.007 0.054∗∗∗ -0.005 

theory-of-mind (0.021) (0.015) (0.018) (0.016) (0.018) (0.023) 

Above median -0.045∗∗ 0.003 -0.008 0.039∗∗ 0.036∗ -0.025 

cognitive ability (0.020) (0.015) (0.018) (0.016) (0.019) (0.019) 

 
Subjects 

 
730 

 
730 

 
730 

 
730 

 
730 

 
730 

 
 

Notes: See the notes to Table A.27. This table reports bias-corrected marginal effects following the procedure 

outlined in Web Appendix X.2 and described in Web Appendix X.3 (setting 1 − fT = 0). Standard errors were 

obtained by bootstrapping; in particular, we repeated the bias-correction procedure 5,000 times, using a different 
bootstrap sample from the experimental sample for each replication, and then calculated the standard deviation 
of the bias-corrected marginal effects across the 5,000 bootstrap replications. ***, ** and * denote significance at 
the 1%, 5% and 10% levels (two-sided tests). 

Table A.21: Probability of choices in the Baseline games (binary measures of cognitive skills): 

Robustness (measurement error in cognitive ability). 
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Choice 1 2 3 4 5 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 -0.021∗∗∗ 

 
0.001 

 
0.002 0.026∗∗∗ 0.021∗∗∗ -0.029∗∗∗ 

 (0.003) (0.004) (0.004) (0.005) (0.006) (0.001) 

Theory-of-mind 0.001 -0.010 -0.014 0.006 0.017 0.000 
 (0.009) (0.007) (0.010) (0.009) (0.011) (0.004) 

Cognitive ability -0.019∗ -0.004 0.007 0.012 0.021∗ -0.017∗∗∗ 
 (0.010) (0.006) (0.008) (0.009) (0.011) (0.005) 

 
Subjects 

 
730 

 
730 

 
730 

 
730 

 
730 

 
730 

 
 

Notes: See the notes to Table 2. This table reports bias-corrected marginal effects following the procedure outlined 
in Web Appendix X.2 and described in Web Appendix X.3. Standard errors were obtained by bootstrapping; 
in particular, we repeated the bias-correction procedure 5,000 times, using a different bootstrap sample from 
the experimental sample for each replication, and then calculated the standard deviation of the bias-corrected 
marginal effects across the 5,000 bootstrap replications. ***, ** and * denote significance at the 1%, 5% and 10% 
levels (two-sided tests). 

Table A.22: Probability of choices in the Baseline games: 

Robustness (measurement error in cognitive ability and theory-of-mind). 
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Choice 1 2 3 4 5 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 -0.020∗∗∗ 

 
-0.000 

 
0.000 0.028∗∗∗ 0.022∗∗∗ -0.029∗∗∗ 

 (0.004) (0.004) (0.005) (0.005) (0.006) (0.002) 

Above median 0.006 -0.021 -0.031∗ -0.006 0.056∗∗∗ -0.004 

theory-of-mind (0.022) (0.016) (0.019) (0.016) (0.019) (0.023) 

Above median -0.046∗∗ 0.003 -0.007 0.040∗∗ 0.035∗ -0.024 

cognitive ability (0.021) (0.015) (0.018) (0.016) (0.019) (0.019) 

 
Subjects 

 
730 

 
730 

 
730 

 
730 

 
730 

 
730 

 
 

Notes: See the notes to Table A.27. This table reports bias-corrected marginal effects following the procedure 
outlined in Web Appendix X.2 and described in Web Appendix X.3. Standard errors were obtained by bootstrap- 
ping; in particular, we repeated the bias-correction procedure 5,000 times, using a different bootstrap sample from 
the experimental sample for each replication, and then calculated the standard deviation of the bias-corrected 
marginal effects across the 5,000 bootstrap replications. ***, ** and * denote significance at the 1%, 5% and 10% 
levels (two-sided tests). 

Table A.23: Probability of choices in the Baseline games (binary measures of cognitive skills): 

Robustness (measurement error in cognitive ability and theory-of-mind). 
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Web Appendix XI 

Relationship between measures of theory-of-mind 

 
To begin, we summarize our discussion in Section 6.2.1 of the DANVA2-CF that was used by 

the ALSPAC birth-cohort study to measure theory-of-mind: 

 

• Psychologists measure theory-of-mind by the ability to correctly infer or understand the 

mental states of others, which can include others’ beliefs, desires, intentions and emotions. 

• ALSPAC measured theory-of-mind ability at age eight using the DANVA2-CF. 

• Similarly to the Reading the Mind in the Eyes Test (RMET), the DANVA2-CF measures 

theory-of-mind by the ability to recognize emotions in photographs of faces. 

• Psychologists often measure theory-of-mind using tests based on recognizing emotions in 

photographs. For example, Kidd and Castano (2013), a heavily cited paper on theory-of- 

mind in the journal Science, uses both the RMET and DANVA2 to measure theory-of- 

mind. 

• Theory-of-mind tests based on recognizing emotions in photographs such as the RMET 
and the DANVA2-CF are “social-perceptual” tests of theory-of-mind. 

 
 

In our experiments, we measured theory-of-mind using the IMT: 

 

• We describe the IMT in Section 3.2.1. 

• The IMT is a “social-cognitive” test of theory-of-mind. In a social-cognitive test of theory- 

of-mind such as the IMT, subjects infer others’ mental states from information provided in 

stories or scenarios, rather than inferring them from perceptual cues as in social-perceptual 

tests of theory-of-mind such as the RMET and the DANVA2-CF. 

• According to Ewing et al. (2016)’s succinct description, social-perceptual tests of theory- 

of-mind measure “the ability to identify the mental states of others using perceptual cues 

such as facial expressions, gestures, or bodily movements,” while social-cognitive tests of 

theory-of-mind measure “the ability to reason about the mental states of other individuals 

without relying on perceptual cues.” 

• In our experimental game-theoretic setting, a social-cognitive test of theory-of-mind such 

as the IMT was most appropriate because experimental subjects in games like the ones 

we study cannot use perceptual cues to infer the mental states of those they interact with, 

but must instead reason about their mental states without using perceptual cues. 

• Alongside social-perceptual tests of theory-of-mind such as the RMET and the DANVA2- 

CF, social-cognitive tests are a popular way to measure theory-of-mind. For example, 

the false-belief test (Wimmer and Perner, 1983) is widely used in psychology to measure 

theory-of-mind. 
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More on the relationship between social-perceptual and social-cognitive tests of theory-of-mind: 

 

• Osterhaus et al. (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.” 

• Chung et al. (2014)’s meta-study finds that autistic subjects show similarly-sized deficits 

in social-perceptual and social-cognitive tests of theory-of-mind. 

• Tager-Flusberg and Sullivan (2000) introduced the distinction between the social-perceptual 

and social-cognitive components of theory-of-mind. According to Tager-Flusberg and Sul- 

livan (2000), the social-perceptual and social-cognitive components of theory-of-mind are 

closely related. As they say: “our capacity to make inferences about other people almost 

always involves both components.” Furthermore, they argue that: (i) the social-cognitive 

component builds on social-perceptual knowledge; and (ii) the social-perceptual component 

itself entails some cognitive processing, and so tests of social-perceptual theory-of-mind 

partly capture the social-cognitive component. 
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Web Appendix XII 

Dynamic mechanisms 

Web Appendix XII.1 Overview 

Exploiting dynamic models that build on our conceptual framework in Section 2, in this appendix 

we quantify the importance of dynamic mechanisms that mediate the effect of childhood theory- 

of-mind on adult outcomes. We conduct two mediation analyses; in each mediation analysis we 

include one important theoretically-motivated dynamic mechanism whose empirical importance 

we quantify with the help of evidence from the existing literature. The conceptual framework 

in Section 2 discusses other direct and indirect mechanisms that also help to explain the total 

effect of childhood theory-of-mind on adult outcomes. 

In our first mediation analysis, we quantify the importance of attention in the classroom as a 

dynamic mechanism that mediates the effect of theory-of-mind at age eight on academic attain- 

ment. This mediation analysis draws on the literature for estimates of the effect of childhood 

theory-of-mind on subsequent attention in the classroom and for estimates of the effect of atten- 

tion in the classroom on later academic achievement. As described in detail in Web Appendix 

XII.2, our mediation analysis suggests that the dynamic effect of childhood theory-of-mind on 

subsequent attention in the classroom mediates 55% of the total effect of theory-of-mind at age 

eight on academic attainment that we report in Table 7 in Section 6.3.3. 

In our second mediation analysis, we quantify the importance of educational participation 

(i.e., years of education) as a dynamic mechanism that mediates the effect of theory-of-mind at 

age eight on fertility in early adulthood. This mediation analysis uses our results from Table 7 

to estimate the effect of childhood theory-of-mind on years of education, and the analysis draws 

on the literature that exploits a change in the compulsory schooling age in the UK in the 1970s 

for estimates of the effect of an extra year of education on fertility in early adulthood. As 

described in detail in Web Appendix XII.3, our mediation analysis suggests that the dynamic 

effect of childhood theory-of-mind on educational participation mediates 27% of the total effect 

of theory-of-mind at age eight on fertility in early adulthood that we report in Table 8 in 

Section 6.3.4. 

 
Web Appendix XII.2 Mediation analysis 1: Relationship between childhood 

theory-of-mind and academic attainment 

In our first mediation analysis, we quantify the importance of attention in the classroom as a 

dynamic mechanism that mediates the effect of theory-of-mind at age eight on academic at- 

tainment. The mediation analysis exploits a dynamic model in which childhood theory-of-mind 

increases subsequent attention in the classroom, which in turn facilitates learning and later aca- 

demic achievement. This dynamic model builds on our conceptual framework in Section 2 in 

which childhood theory-of-mind improves attention in the classroom by: (i) increasing engage- 

ment and reducing boredom because theory-of-mind allows the child to better understand the 

pedagogical motives and intentions of teachers; and (ii) improving the child’s relationship with 

teachers through the effect of theory-of-mind on social skills. Relatedly, von Salisch et al. (2017) 



Web Appendix XII, p. 2  

show that a poor understanding of the emotions of social peers adds cognitive load to children’s 

working memory and can cause social problems that further absorb attention. 

The mediation analysis uses the product-method approach (Sobel, 1982). First, we multiply 

the effect of childhood theory-of-mind on subsequent attention in the classroom by the effect 

of attention in the classroom on later academic achievement (with all quantities in standard 

deviations). Dividing this product by the total effect of theory-of-mind at age eight on academic 

attainment gives the proportion of the total effect that is mediated by the dynamic effect of 

childhood-theory of mind on subsequent attention in the classroom. 

We draw on the literature for estimates of the effect of childhood theory-of-mind on subse- 

quent attention in the classroom and for estimates of the effect of attention in the classroom 

on later academic achievement. The total effect of theory-of-mind at age eight on academic 

attainment comes from the third column of Table 7 in Section 6.3.3. Multiplying the effect of 

a one-standard-deviation increase in childhood theory-of-mind on subsequent attention in the 

classroom (0.156 of a standard deviation)98 by the effect of a one-standard-deviation increase 

in attention in the classroom on later academic achievement (0.126 of a standard deviation),99 

and then dividing by the total effect of a one-standard-deviation increase in theory-of-mind at 

age eight on academic attainment (0.036 of a standard deviation),100 gives 0.545. That is, we 

estimate that the dynamic effect of childhood theory-of-mind on subsequent attention in the 

classroom mediates 54.5% of the total effect of theory-of-mind at eight on academic attainment. 

 
 
 
 
 
 

98We found three papers that provide estimates of the longitudinal relationship between theory-of-mind and 
attention in the classroom at a later age (Trentacosta et al., 2006; Trentacosta and Izard, 2007; von Salisch et al., 
2017). Trentacosta et al. (2006) find that a one-standard-deviation increase in theory-of-mind in the fall is asso- 
ciated with a 0.11 standard-deviation increase in teacher-rated attention in the following spring (controlling for 
verbal ability and teacher-rated attention in the fall; mean age of 7.4 years in the fall). Using path-analytic model- 
ing, Trentacosta and Izard (2007) find that a one-standard-deviation increase in theory-of-mind in kindergarten is 
associated with a 0.14 standard-deviation increase in teacher-rated attention in first grade (controlling for atten- 
tion (not teacher-rated) and verbal ability in kindergarten); we note that the authors also explore a better-fitting 
alternative model which does not include the path from theory-of-mind to attention. von Salisch et al. (2017) find 
that a one-standard-deviation increase in theory-of-mind at age five is associated with a 0.22 standard-deviation 
increase in teacher-rated attention one year later (controlling for language ability and teacher-rated attention at 
age five), while attention at age five does not predict theory-of-mind at age six. The effect size of 0.156 comes 
from averaging these three estimates of the effect of theory-of-mind on subsequent attention in the classroom. 

99For estimates of the effect of attention in the classroom on later academic achievement, we use Duncan et al. 

(2007)’s comprehensive study based on three longitudinal datasets (which produce consistent results). We also use 
estimates from Breslau et al. (2009), who extend Duncan et al. (2007)’s analysis to consider academic achievement 
at later ages. Using the ECLSK, NICHD, and MLEPS datasets, Duncan et al. (2007) regress several measures of 
academic achievement in grades 3 and 5 on teacher-rated attention around the time of school entry, with controls 
for socio-emotional skills and prior cognitive or academic achievement, and with controls for non-teacher-rated 
attention (NICHD only) or hyperactivity (MLEPS only) around the time of school entry. The results show that 
a one-standard-deviation increase in teacher-rated attention around the time of school entry is associated with 
an increase in later academic achievement (averaged over achievement measures) of 0.10, 0.14, and 0.17 of a 
standard deviation in, respectively, the ECLSK, NICHD, and MLEPS. Breslau et al. (2009) regress academic 
achievement at age 16 on teacher-rated attention at age six, with controls for cognitive ability at age six and 
family background. Again averaging over achievement measures, the results show that a one-standard-deviation 
increase in teacher-rated attention at age six is associated with an increase in academic achievement at age sixteen 
of 0.11 of a standard deviation (the findings are robust to adding controls for other behavioral problems). The 
effect size of 0.126 comes from averaging these four estimates of the effect of attention in the classroom on later 
academic achievement. 

100We derive this effect size from the numbers reported in the third column of Table 7 in Section 6.3.3 
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Web Appendix XII.3 Mediation analysis 2: Relationship between childhood 

theory-of-mind and fertility in early adulthood 

In our second mediation analysis, we quantify the importance of educational participation (i.e., 

years of education) as a dynamic mechanism that mediates the effect of theory-of-mind at 

age eight on fertility in early adulthood. The mediation analysis exploits a dynamic model 

in which childhood theory-of-mind increases the number of years spent in education, which in 

turn reduces fertility. This dynamic model builds on our conceptual framework in Section 2 in 

which: (i) childhood theory-of-mind increases educational participation and attainment (e.g., via 

the effect of theory-of-mind on attention studied in Web Appendix XII.2); and (ii) educational 

participation reduces fertility in early adulthood (e.g., through delayed marriage or a higher 

opportunity cost of child-rearing). 

The mediation analysis uses the product-method approach (Sobel, 1982). First, we multiply 

the effect of theory-of-mind at age eight on years of education by the effect of an extra year 

of education on the probability of being a parent by early adulthood. Dividing this product 

by the total effect of theory-of-mind at age eight on the probability of being a parent by early 

adulthood gives the proportion of the total effect that is mediated by the dynamic effect of 

childhood theory-of-mind on educational participation. 

The effect of theory-of-mind at age eight on years of education comes from the first two 

columns of Table 7 in Section 6.3.3. We draw on the literature that exploits a change in the 

compulsory schooling age in the UK in the 1970s for estimates of the effect of an extra year of 

education on the probability of being a parent by early adulthood. The total effect of theory- 

of-mind at age eight on the probability of being a parent by early adulthood comes from the 

first column of Table 8 in Section 6.3.4. Multiplying the effect of a one-standard-deviation 

increase in theory-of-mind at age eight on years of education (0.086 years)101 by the effect of 

an extra year of education on the probability of being a parent by early adulthood (−0.118 

of a standard deviation),102 and then dividing by the total effect of a one-standard-deviation 

increase in theory-of-mind at age eight on the probability of being a parent by early adulthood 

(−0.037 of a standard deviation),103 gives 0.274. That is, we estimate that the dynamic effect 

of childhood theory-of-mind on educational participation mediates 27.4% of the total effect of 

theory-of-mind at age eight on fertility in early adulthood. 
 
 
 
 
 

101We derive this effect size from the numbers reported in the first two columns of Table 7 in Section 6.3.3, 

assuming that individuals not in education at 17 left education at 16 (schooling was compulsory to age 16 for the 
individuals in ALSPAC), individuals in education at 17 but not at 20 left education at 18 (high school beyond 
the compulsory age of 16 lasted for two more years until the age of 18), and individuals in education at 20 left 
education at 21 (undergraduate degrees in the UK generally last for three years). 

102For estimates of the effect of years of education on fertility in early adulthood, we restrict attention to UK 

data to match our data from ALSPAC, and we further restrict attention to studies that identify the size of the 
relationship using the change in compulsory schooling age in the 1970s and include results for individuals age 20 
or older; we found two studies that provide such estimates (Silles, 2011, and Wilson, 2017; using the same policy 
variation, Braakmann, 2011, Fort et al., 2016, and Geruso and Royer, 2018, estimate the effect of education on 
completed fertility). Silles (2011) and Wilson (2017) find that an extra year of education decreases the probability 

of being a parent by age 20 by, respectively, 0.133 and 0.103 of a standard deviation. The effect size of −0.118 
comes from averaging these two estimates of the effect of years of education on fertility in early adulthood. 

103We derive this effect size from the numbers reported in the first column of Table 8 in Section 6.3.4. 
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Web Appendix XIII 

Additional tables 

 

 

Age 
 5 6 7 8 9 10 11 12 

 

 
Mean score 

 

 
2.08 

 

 
2.26 

 

 
2.85 

 

 
3.14 

 

 
4.50 

 

 
5.02 

 

 
5.21 

 

 
5.00 

Standard deviation 1.01 0.98 0.96 0.91 1.12 0.83 0.91 1.35 

Minimum 0 0 0 0 1 3 3 2 

Maximum 4 4 4 4 6 6 6 6 

Number of questions 4 4 4 4 6 6 6 6 

Number of subjects 84 103 110 111 100 125 84 13 

 

 

Table A.24: Distribution of scores in the Imposing Memory Task. 
 
 
 
 
 

 

Age 
 5 6 7 8 9 10 11 12 

 

 
Mean score 

 

 
18.23 

 

 
21.17 

 

 
24.57 

 

 
28.92 

 

 
33.08 

 

 
37.49 

 

 
41.29 

 

 
41.31 

Standard deviation 5.36 5.71 5.66 7.70 8.64 7.65 6.76 9.71 

Minimum 5 5 7 10 13 17 20 17 

Maximum 28 32 35 45 53 57 53 50 

Number of questions 36 36 36 60 60 60 60 60 

Number of subjects 84 103 110 111 100 125 84 13 

 

 

Table A.25: Distribution of scores in the Raven’s Progressive Matrices test. 
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Game Order X Order Y 

 
1 

 
Baseline game 

 
Baseline game 

2 Computer game Baseline game 

3 Baseline game Computer game 

4 Baseline game Baseline game 

5 Raven game Baseline game 

6 Baseline game Raven game 
7 Baseline game Baseline game 

 
 

Table A.26: Order of games in phase 2. 
 
 
 
 
 
 
 
 

 
Choice 1 2 3 4 5 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 -0.023∗∗∗ 

 
0.001 

 
0.003 0.027∗∗∗ 0.021∗∗∗ -0.030∗∗∗ 

 (0.007) (0.003) (0.004) (0.004) (0.004) (0.006) 

Above median -0.000 -0.017 -0.026 -0.003 0.053∗∗∗ -0.011 

theory-of-mind (0.022) (0.014) (0.017) (0.017) (0.017) (0.026) 

Above median -0.045∗∗ 0.005 -0.006 0.033∗∗ 0.029∗ -0.016 

cognitive ability (0.019) (0.012) (0.015) (0.014) (0.017) (0.021) 

 
Subjects 

 
730 

 
730 

 
730 

 
730 

 
730 

 
730 

 

Notes: See the notes to Table 2. Here above median theory-of-mind (cognitive ability) is an indicator taking 
value 1 when a subject’s theory-of-mind ability (cognitive ability) is above the median for subjects of their age. 
We allocate the small number of subjects exactly at the median to the above-median category. 

 

Table A.27: Probability of choices in the Baseline games: Binary measures of cognitive skills. 



Web Appendix XIII, p. 3  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Choice 1 2 3 4 5 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 -0.022∗∗∗ 

 
0.001 

 
0.003 0.027∗∗∗ 0.020∗∗∗ -0.030∗∗∗ 

 (0.007) (0.003) (0.004) (0.004) (0.004) (0.006) 

Theory-of-mind -0.000 -0.011 -0.013∗ 0.007 0.017∗ 0.001 

 (0.009) (0.007) (0.008) (0.008) (0.010) (0.011) 

Cognitive ability -0.016 -0.003 0.006 0.012 0.018∗∗ -0.017 

 (0.010) (0.006) (0.007) (0.008) (0.009) (0.010) 

Intercept 0.212∗∗∗ 0.129∗∗∗ 0.160∗∗∗ 0.102∗∗∗ 0.123∗∗∗ 0.273∗∗∗ 
 (0.027) (0.013) (0.014) (0.013) (0.013) (0.027) 

 
Subjects 

 
730 

 
730 

 
730 

 
730 

 
730 

 
730 

 

Notes: See the notes to Table 2. Here we report OLS regressions with the same dependent and independent 
variables, where we recode age five (the youngest age) as 0, age six as 1, and so on. 

 

Table A.28: Probability of choices in the Baseline games: Robustness (linear probability model). 
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Choice 1 2 3 4 5 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 -0.024∗∗∗ 

 
0.001 

 
0.004 0.027∗∗∗ 0.020∗∗∗ -0.030∗∗∗ 

 (0.006) (0.003) (0.004) (0.004) (0.003) (0.006) 

Theory-of-mind 0.004 -0.012∗ -0.013∗ 0.006 0.017∗ -0.001 

 (0.008) (0.007) (0.007) (0.009) (0.010) (0.011) 

Cognitive ability -0.013 -0.003 0.005 0.010 0.016∗ -0.014 

 (0.009) (0.006) (0.008) (0.008) (0.010) (0.010) 

 
Subjects 

 
729 

 
729 

 
729 

 
729 

 
729 

 
729 

 

Notes: See the notes to Table 2.  Here we add controls for subjects’ gender and school. One subject is excluded 
because they did not report their gender. 

 

Table A.29: Probability of choices in the Baseline games: Robustness (demographic controls). 
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Baseline games Computer game 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(0.005) (0.008) 

 
 

Subjects 730 730 730 730 

Notes: Columns 1 and 2 each report average marginal effects from a fractional logit: the dependent variable is the 
fraction of times each subject best-responded to the empirical distribution of subjects’ choices in the five Baseline 
games (that is, the number of times each subject best-responded divided by five); we pool all choices from the 
five Baseline games to calculate a single empirical distribution (to which the best-response is 5). Columns 3 
and 4 each report average marginal effects from a logit: the dependent variable is an indicator taking value 1 
if a subject best-responded to the computer’s known uniform randomization in the Computer game (again the 

best-response is 5). In all columns the independent variables are age, age-standardized theory-of-mind ability and 
age-standardized cognitive ability (as explained in Section 3.2.3, we standardize test scores within age group). 
Heteroskedasticity-robust standard errors, clustered at the session level, are shown in parentheses. ***, ** and * 
denote significance at the 1%, 5% and 10% levels (two-sided tests). 

Table A.30: Probability of best-responding. 

 (1) (2) (3) (4) 

Age 0.020∗∗∗ 
(0.004) 

0.019∗∗∗ 
(0.004) 

0.017∗ 
(0.009) 

0.016∗ 
(0.008) 

Theory-of-mind 0.017∗ 0.004 0.013 0.026 

(T.o.M.) (0.010) (0.017) (0.015) (0.027) 

Cognitive ability 0.019∗∗ -0.012 0.013 -0.089∗∗∗ 
(Cogn. Ab.) (0.009) (0.019) (0.017) (0.032) 

T.o.M.× Age 
 

0.004 

(0.005) 

 
-0.004 

(0.006) 

Cogn. Ab. × Age 
 

0.009∗ 
 

0.032∗∗∗ 
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Baseline games Computer game 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(0.005) (0.008) 

 
 
 
 
 
 
 

 

Notes: See the notes to Table A.30. Here we report OLS regressions with the same dependent and independent 
variables, where we recode age five (the youngest age) as 0, age six as 1, and so on. 

 

Table A.31: Probability of best-responding: Robustness (linear probability model). 

 (1) (2) (3) (4) 

Age 0.020∗∗∗ 
(0.004) 

0.020∗∗∗ 
(0.003) 

0.017∗ 
(0.009) 

0.017∗∗ 
(0.008) 

Theory-of-mind 0.017∗ 0.002 0.012 0.023 

(T.o.M.) (0.010) (0.014) (0.014) (0.023) 

Cognitive ability 0.018∗∗ -0.012 0.013 -0.083∗∗∗ 
(Cogn. Ab.) (0.009) (0.016) (0.016) (0.031) 

T.o.M.× Age 
 

0.005 

(0.005) 

 
-0.004 

(0.006) 

Cogn. Ab. × Age 
 

0.010∗∗ 
 

0.031∗∗∗ 

 

Intercept 

 
0.123∗∗∗ 

 
0.123∗∗∗ 

 
0.150∗∗∗ 

 
0.150∗∗∗ 

 (0.013) (0.013)  (0.034) (0.034) 

 
Subjects 

 
730 

 
730 

  
730 

 
730 
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Baseline games Computer game 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(0.005) (0.008) 

 
 

Subjects 729 729 729 729 

Notes: See the notes to Table A.30. Here we add controls for subjects’ gender and school. One subject is excluded 
because they did not report their gender. 

Table A.32: Probability of best-responding: Robustness (demographic controls). 

 (1) (2) (3) (4) 

Age 0.020∗∗∗ 0.019∗∗∗ 0.013∗ 0.012 

 (0.003) (0.003) (0.008) (0.008) 

Theory-of-mind 0.017∗ 0.003 0.010 0.024 

(T.o.M.) (0.010) (0.017) (0.014) (0.026) 

Cognitive ability 0.016∗ -0.010 0.014 -0.083∗∗∗ 
(Cogn. Ab.) (0.010) (0.018) (0.017) (0.031) 

T.o.M.× Age 
 

0.004 

(0.005) 

 
-0.004 

(0.006) 

Cogn. Ab. × Age 
 

0.008 
 

0.030∗∗∗ 

 



Web Appendix XIII, p. 8  

 
 
 
 
 
 
 
 
 

 

 

Baseline games Computer game 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(0.039) (0.070) 

 
 
 
 
 
 
 

 

Notes: Each column reports an OLS regression.   In Columns 1 and 2 the dependent variable is the average 
number of tokens that each subject earned in the five Baseline games (that is, the total number of tokens each 
subject earned in the Baseline games divided by five). In Columns 3 and 4 the dependent variable is the number 

of tokens that each subject earned in the Computer game. In all columns the independent variables are age, age-
standardized theory-of-mind ability and age-standardized cognitive ability (as explained in Section 3.2.3, we 
standardize test scores within age group). We recode age five (the youngest age) as 0, age six as 1, and so on. 
Heteroskedasticity-robust standard errors, clustered at the session level, are shown in parentheses. ***, ** and * 
denote significance at the 1%, 5% and 10% levels (two-sided tests). 

 

Table A.33: Payoffs. 

 (1) (2) (3) (4) 

Age 0.118∗∗∗ 0.118∗∗∗ -0.054 -0.054 
 (0.041) (0.039) (0.074) (0.070) 

Theory-of-mind 0.111 0.087 -0.136 -0.155 

(T.o.M.) (0.078) (0.119) (0.133) (0.202) 

Cognitive ability -0.040 -0.277∗ 0.075 -0.471 

(Cogn. Ab.) (0.077) (0.160) (0.153) (0.294) 

T.o.M.× Age 
 

0.007 

(0.036) 

 
0.004 

(0.060) 

Cogn. Ab. × Age 
 

0.076∗ 
 

0.176∗∗ 

 

Intercept 

 
4.731∗∗∗ 

 
4.731∗∗∗ 

 
5.150∗∗∗ 

 
5.150∗∗∗ 

 (0.143) (0.140)  (0.243) (0.235) 

 
Subjects 

 
730 

 
730 

  
730 

 
730 
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Baseline games Computer game 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(0.035) (0.061) 
 
 
 
 
 
 
 
 
 
 

 
Subjects 729 729 729 729 

Notes: See the notes to Table A.33. Here we add controls for subjects’ gender and school. One subject is excluded 
because they did not report their gender. 

Table A.34: Payoffs: Robustness (demographic controls). 

 (1) (2) (3) (4) 

Age 0.126∗∗∗ 0.125∗∗∗ -0.042 -0.044 

 (0.036) (0.035) (0.073) (0.070) 

Theory-of-mind 0.090 0.081 -0.172 -0.191 

(T.o.M.) (0.074) (0.114) (0.136) (0.211) 

Cognitive ability -0.061 -0.264∗ 0.032 -0.449 

(Cogn. Ab.) (0.080) (0.158) (0.150) (0.293) 

T.o.M.× Age 
 

0.002 
 

0.004 

 
Cogn. Ab. × Age 

  

0.067∗ 
(0.038) 

  

0.158∗∗ 
(0.069) 

Intercept 4.981∗∗∗ 4.969∗∗∗ 5.027∗∗∗ 4.999∗∗∗ 
 (0.192) (0.188) (0.372) (0.358) 
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Baseline games Computer game 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(0.021) (0.026) 
 
 
 
 
 
 
 
 
 
 
 
 

Notes: Each column reports an OLS regression. In Columns 1 and 2 the dependent variable is the average 
expected payoff (in tokens) of each subject’s choices in the five Baseline games (that is, the sum across the five 
Baseline games of the subject’s expected payoff in each game, given her choice in that game, divided by five); we 
calculate the expected payoff to each choice given the empirical distribution of choices across the five Baseline 
games. In Columns 3 and 4 the dependent variable is the expected payoff (in tokens) of each subject’s choice 
in the Computer game; we calculate the expected payoff to each choice given the computer’s known uniform 
randomization in the Computer game. In all columns the independent variables are age, age-standardized theory- 
of-mind ability and age-standardized cognitive ability (as explained in Section 3.2.3, we standardize test scores 
within age group). We recode age five (the youngest age) as 0, age six as 1, and so on. Heteroskedasticity-robust 
standard errors, clustered at the session level, are shown in parentheses. ***, ** and * denote significance at the 
1%, 5% and 10% levels (two-sided tests). 

 

Table A.35: Expected payoffs. 

 (1) (2) (3) (4) 

Age 0.088∗∗∗ 
(0.028) 

0.088∗∗∗ 
(0.027) 

0.068∗∗ 
(0.030) 

0.068∗∗ 
(0.028) 

Theory-of-mind 0.053 -0.012 0.065 0.091 

(T.o.M.) (0.043) (0.075) (0.050) (0.094) 

Cognitive ability 0.073∗ -0.056 0.026 -0.249∗∗ 
(Cogn. Ab.) (0.044) (0.094) (0.058) (0.115) 

T.o.M.× Age 
 

0.020 
 

-0.009 

 
Cogn. Ab. × Age 

  

0.041∗ 
(0.022) 

   

0.089∗∗∗ 
(0.029) 

 

Intercept 4.830∗∗∗ 
(0.112) 

4.830∗∗∗ 
(0.110) 

 

4.819∗∗∗ 
(0.120) 

4.819∗∗∗ 
(0.116) 

 
Subjects 

 
730 

 
730 

  
730 

 
730 
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g 

5 g=1 c=1 

 
 

 
 Below median  Above median  Difference 

 
Age 

 
0.89 

  
0.61 

  
0.28 

Theory-of-mind 0.76 
 

0.72 
 

0.05 

Cognitive ability 0.77 
 

0.69 
 

0.08 

 

Notes: For each sub-sample, we calculate the deviation metric 1  
  5 6 

|fg(c)−f ∗(c)|, where g ∈ {1, 2, . . . , 5} 

denotes a Baseline game, c ∈ {1, 2, . . . , 6} denotes a choice, f ∗(c) is the Nash equilibrium density (reported in 

Table A.2 in Web Appendix VI), and f (c) is the empirical density in Baseline game g for that sub-sample. In 
other words, for each sub-sample, for each game we first calculate the sum of absolute deviations between the 
observed frequency of a choice in that game and the Nash equilibrium frequency, and then average across the five 
Baseline games. The sub-samples split subjects according to whether they are above or below: (i) median age; 
(ii) median theory-of-mind ability for subjects of their age; or (iii) median cognitive ability for subjects of their 
age. In each case, we allocate the small number of subjects exactly at the median to the above-median 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). Since we have only five observations per sub-sample (one for each 
repetition of the Baseline game), statistical tests are not appropriate. 

 

Table A.36: Deviations from Nash equilibrium in the Baseline games. 
 
 
 
 

 
Choice  1 2 3 4 5 6 

 
Level-k 

  
Level-5 

 
Level-4 

 
Level-3 

 
Level-2 

 
Level-1 

 
Level-0 

 
Subjects 

 
above median 

      

age (341)        
 

 

High cognitive ability 
 

0.000 -0.072∗ 
 

0.011 0.114∗∗∗ 
 

-0.021 
 

-0.034 

opponent (0.032) (0.040) (0.037) (0.044) (0.040) (0.029) 

 
Subjects below median 

      

age (342)       

 
High cognitive ability 

 
-0.021 

 
0.045 

 
-0.039 

 
0.045 

 
-0.024 

 
-0.007 

opponent (0.049) (0.036) (0.044) (0.042) (0.047) (0.050) 

 

Notes: See the notes to Table 3. Here we add controls for subjects’ gender and school, as well as for age, age-
standardized theory-of-mind ability and age-standardized cognitive ability (as explained in Section 3.2.3, we 
standardize test scores within age group). One subject of below median age is excluded because that subject did 
not report their gender. 

 

Table A.37: Probability of choices in the Raven game: Robustness (demographic controls). 
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(0.023) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Notes: See the notes to Table 4. Here we report OLS regressions with the same dependent and independent 
variables, where we recode age five (the youngest age) as 0, age six as 1, and so on. 

 

 

Table A.38: Effect of treatment on probability that receiver gives one super-token to allocator: 

Robustness (linear probability model). 

 (1) (2) (3) 

 
Treatment A 

 
0.095 

 
0.087 

 
-0.128 

 (0.068) (0.067) (0.086) 

Age 
 

0.015 -0.000 

  (0.013) (0.014) 

Theory-of-mind 
 

0.009 -0.028 

(T.o.M.)  (0.026) (0.030) 

Cognitive Ability 
 

0.002 0.003 

(Cogn. Ab.)  (0.029) (0.036) 

Treatment A. × Age 
  

0.060∗∗ 

 
Treatment A. × T.o.M. 

   

0.153∗∗∗ 
(0.051) 

Treatment A. × Cogn. Ab. 
  

0.005 

(0.057) 

 

Intercept 0.160∗∗∗ 
(0.028) 

0.112∗∗ 
(0.051) 

0.162∗∗∗ 
(0.051) 

 
Subjects 

 
207 

 
207 

 
207 
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 (1) (2) (3) 

 
Number of super-tokens received 0.040∗∗∗ 0.041∗∗∗ 

 
0.016 

(Super-tokens) (0.009) (0.009) (0.016) 

Age 
 

0.007 -0.026 

  (0.009) (0.018) 

Theory-of-mind 
 

0.011 -0.027 

(T.o.M.)  (0.018) (0.037) 

Cognitive ability 
 

-0.004 -0.049 

(Cogn. Ab.)  (0.020) (0.039) 

Super-tokens × Age 
  

0.009∗∗ 
(0.004) 

Super-tokens × T.o.M. 
  

0.009 

(0.010) 

Super-tokens × Cogn. Ab. 
  

0.011 

(0.009) 

Intercept -0.014 -0.037 0.060 
 (0.036) (0.045) (0.069) 

 
 

Subjects 385 385 385 

Notes: See the notes to Table 5. Here we report OLS regressions with the same dependent and independent 
variables, where we recode age five (the youngest age) as 0, age six as 1, and so on. 

Table A.39: Effect of number of tokens received on probability that receiver gives one 

super-token to allocator: Robustness (linear probability model). 
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(0.054) 

 
 
 

 
 

Notes: See the notes to Table 4. Here we add controls for subjects’ gender and school. 
 

 

Table A.40: Effect of treatment on probability that receiver gives one super-token to allocator: 

Robustness (demographic controls). 

 (1) (2) (3) 

 
Treatment A 

 
0.087 

 
0.081 -0.145∗∗ 

 (0.075) (0.072) (0.064) 

Age 
 

0.014 -0.003 
  (0.013) (0.014) 

Theory-of-mind 
 

0.002 -0.033 

(T.o.M.)  (0.026) (0.027) 

Cognitive Ability 
 

0.002 -0.007 

(Cogn. Ab.)  (0.028) (0.034) 

Treatment A. × Age 
  

0.061∗∗∗ 
(0.023) 

Treatment A. × T.o.M. 
  

0.134∗∗∗ 
(0.049) 

Treatment A. × Cogn. Ab. 
  

0.025 

 
 

Subjects 

 
 

207 

 
 

207 207 
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(0.009) 

 
 

Subjects 384 384 384 

Notes: See the notes to Table 5.  Here we add controls for subjects’ gender and school.  One subject is excluded 
because they did not report their gender. 

Table A.41: Effect of number of tokens received on probability that receiver gives one 

super-token to allocator: Robustness (demographic controls). 

 (1) (2) (3) 

 
Number of super-tokens received 0.042∗∗∗ 0.043∗∗∗ 

 
0.017 

(Super-tokens) (0.008) (0.008) (0.016) 

Age 
 

0.008 -0.034 

  (0.009) (0.027) 

Theory-of-mind 
 

0.013 -0.022 

(T.o.M.)  (0.018) (0.050) 

Cognitive ability 
 

-0.003 -0.073 

(Cogn. Ab.)  (0.020) (0.049) 

Super-tokens × Age 
  

0.009∗ 
(0.005) 

Super-tokens × T.o.M. 
  

0.007 

(0.010) 

Super-tokens × Cogn. Ab. 
  

0.015 
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Number of close friends Ten or more close friends 

 
Theory-of-mind 

 
0.191∗∗ 
(0.079) 

 
0.020∗∗∗ 

(0.007) 

Cognitive ability 0.244∗∗∗ 
(0.091) 

0.019∗∗ 
(0.008) 

 
Participants 

 
3,887 

 
3,887 

Mean age 24.49 24.49 
Mean of dependent variable 6.76 0.16 

 
 

Notes: See the notes to Table 6. Here we add a control for the participant’s locus of control (see the penultimate 
paragraph of Web Appendix VIII). 

Table A.42: Close friends: Robustness (with control for locus of control). 
 
 
 
 
 
 
 
 
 

 
In education at 17 In education at 20 A-level qualification 

 
Theory-of-mind 

 
0.012∗∗ 

(0.006) 

 
0.018∗∗ 

(0.009) 

 
0.015∗ 
(0.008) 

Cognitive ability 0.023∗∗∗ 
(0.007) 

0.084∗∗∗ 
(0.009) 

0.085∗∗∗ 
(0.008) 

 
Participants 

 
4,091 

 
4,332 

 
4,332 

Mean age 17.76 20.95 20.95 
Mean of dependent variable 0.88 0.55 0.73 

 
 

Notes: See the notes to Table 7. Here we add a control for the participant’s locus of control (see the penultimate 
paragraph of Web Appendix VIII). 

Table A.43: Educational participation and attainment: 

Robustness (with control for locus of control). 
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Parent Number of children 

 
Theory-of-mind 

 
-0.011∗∗ 
(0.006) 

 
-0.022∗∗ 
(0.009) 

Cognitive ability -0.022∗∗∗ 
(0.006) 

-0.032∗∗∗ 
(0.010) 

 
Participants 

 
4,371 

 
4,371 

Mean age 25.76 25.76 
Mean of dependent variable 0.12 0.18 

 
 

Notes: See the notes to Table 8. Here we add a control for the participant’s locus of control (see the penultimate 
paragraph of Web Appendix VIII). 

Table A.44: Fertility: Robustness (with control for locus of control). 
 
 
 
 
 
 
 
 
 

 
Employed Log hourly wage Large workplace 

 
Theory-of-mind 

 
0.006 

 
-0.010 0.020∗ 

 (0.008) (0.008) (0.011) 

Cognitive ability 0.008 0.019∗∗ 0.031∗∗ 
 (0.009) (0.010) (0.012) 

 
Participants 

 
3,884 

 
2,999 

 
3,129 

Mean age 24.49 23.89 23.89 
Mean of dependent variable 0.81 2.05 0.60 

 
 

Notes: See the notes to Table 9. Here we add a control for the participant’s locus of control (see the penultimate 
paragraph of Web Appendix VIII). 

Table A.45: Employment, wages, and workplace size: 

Robustness (with control for locus of control). 
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 Disadvantaged 
participants 

Advantaged 
participants 

 
School spending per pupil 

 
-0.058 0.351∗∗∗ 

(£300 cumulative over three years) (0.092) (0.126) 

 
Participants 

 
2,216 

 
1,982 

 

Notes: See the notes to Table 10. Here we allocate participants whose family income in childhood is at the median 
for the participants in their primary school to the disadvantaged category. 

Table A.46: Difference-in-differences estimates of the effect of school spending on theory-of-mind: 

Robustness. 



Web Appendix XIV, p. 1  

Web Appendix XIV 

Additional figures 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1st repetition 2nd repetition 3rd repetition   4th repetition   5th repetition 
 

 
Figure A.7: Mean choices in the Baseline games. 
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1 2 3 4 5 6 

Choice 

 

(a) Low cognitive ability opponent. 

1 2 3 4 5 6 
Choice 

 

(b) High cognitive ability opponent. 
 

Notes: See the notes to Figure 3. Here the subjects are those of below median age. 
 

Figure A.8: Distribution of choices in the Raven game for younger subjects. 
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5 6 7 8 9 10 11 

Age 
 

Level-0 Level-1 
 
 

(a) Above median theory-of-mind ability subjects. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5 6 7 8 9 10 11 
Age 

 

Level-0 Level-1 
 
 

(b) Below median theory-of-mind ability subjects. 

 
Notes: See the notes to Figure 4. The top (bottom) panel shows the proportion among subjects above (below) 
median theory-of-mind ability for subjects of their age. We allocate the small number of subjects exactly at the 
median to the above-median category. 

 
Figure A.9: Age and strategic sophistication in the Baseline games: 

Split by theory-of-mind ability. 
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Figure A.10: Age and strategic sophistication in the Baseline games: 

Split by cognitive ability. 
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5 6 7 8 9 10 11 

Age 
 

Level-0 Level-1 
 
 

(a) Above median cognitive ability subjects. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5 6 7 8 9 10 11 
Age 

 

Level-0 Level-1 
 
 

(b) Below median cognitive ability subjects. 

 
Notes: See the notes to Figure 4. The top (bottom) panel shows the proportion among subjects above (below) 
median cognitive ability for subjects of their age. We allocate the small number of subjects exactly at the median 
to the above-median category. 
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