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The Impact of Non-Cognitive Skills Training on Academic and Nonacademic Trajectories: From Childhood to Early Adulthood

Non-cognitive skills are closely associated with adult socio-economic success. However, it is unclear whether interventions targeting those skills, rather than cognitive skills, can improve adult outcomes. It is also unclear whether interventions after early childhood can have lasting effects. We show that an intervention focused solely on noncognitive skills at age 7 can change the lifetime trajectories for children with deficits of noncognitive skills, increasing self-control and trust in adolescence, improving education achievement, and outcomes in early adulthood such as criminality, education, employment and social capital. We show that improvements in trust and self-control explain much of the impact on education and young adult outcomes, and argue that social skills are an important but neglected aspect of non-cognitive skill development. Using conservative assumptions in a simple framework, we estimate that, as a lower bound, $1 invested in this program yields about $14 in benefits over the lifetime of the participants.

One Sentence Summary: Non-cognitive skill training at school entry boosts school and adult outcomes, suggesting causal role for self-control and trust.

Introduction

If schools seek to make people more prosperous and productive by improving cognitive skills, should they also explicitly teach non-cognitive skills? Substantial evidence shows that non-cognitive skills like self-control, motivation, and sociability are strongly associated with favorable school, economic and social outcomes [START_REF] Borghans | The economics and psychology of personality traits[END_REF][START_REF] Almlund | Personality psychology and economics[END_REF][START_REF] Duckworth | Who does well in life? Conscientious adults excel in both objective and subjective success[END_REF]. Information on whether interventions in elementary school can promote non-cognitive skills, and subsequently increase positive adult outcomes, is critical, especially for children who arrive at school with low levels of social skills and self-control. These children are more likely to struggle in school, have behavior problems, and be locked into poverty in adulthood. Providing more equal opportunities for all children may not depend only on training in math and reading, but also in self-control and socialization.

Much of the large benefit of early childhood interventions may be due to improvements in non-cognitive, rather than cognitive, skills. Experiments measuring the impact of investments in early childhood cognitive development, such as the Abecedarian project, the Perry Preschool program, Head Start or Project STAR, suggest that a substantial part of the powerful long-term impact of these programs is due to increases in skills that are not measured by grades or IQ tests -suggesting a very important role for non-cognitive skills [START_REF] Heckman | Understanding the mechanisms through which an influential early childhood program boosted adult outcomes[END_REF][START_REF] Chetty | How does your kindergarten classroom affect your earnings? Evidence from project Star[END_REF]. It is important to know what these critical non-cognitive skills are, whether it makes sense to target them directly, and whether the window for intervention is wide or narrow -in other words, is elementary school "too late"? It is well established that early childhood is a critical period for formation of cognitive skills, non-cognitive skills [START_REF] Almond | Human Capital Development Before Age Five[END_REF][START_REF] Heckman | Skill formation and the economics of investing in disadvantaged children[END_REF] The last question is particularly important for countries and communities where pre-school education is not universal, and so behavioral issues may not even be identified until children begin primary school.

This paper provides evidence on these questions by estimating the impact on lifetime trajectories of a randomized non-cognitive skills training program at school entry for disruptive kindergarten boys from low socioeconomic environments. The intervention consisted of a 2-year program aimed at enhancing self-control and social abilities beginning at age 7. We examine the impact of the training on the development of a large set of noncognitive skills and school performance throughout adolescence, and connect these improvements with existing evidence on adult crime and education outcomes and new evidence on adult economic and social capital outcomes. We also provide a cost-benefit analysis of the program. The rich dataset allows us to crack open the "black box" of noncognitive skills [START_REF] Bowles | A (Science-Based) Poor Kids' manifesto, (Review of Heckman James, Giving Kids a Fair Chance: A strategy that works[END_REF]. It also sheds new light on our understanding of skill formation [START_REF] Heckman | Skill formation and the economics of investing in disadvantaged children[END_REF][START_REF] Cunha | Formulating, identifying and estimating the technology of cognitive and noncognitive skill formation[END_REF][START_REF] Cunha | Estimating the technology of cognitive and noncognitive skill formation[END_REF], the malleability of non-cognitive skills at school entry, and the triggering effect of noncognitive skills on latter academic achievement.

We find that, in the early adolescent period, the intervention increased aggression control, attention-impulse control, and trust. During the late adolescent period, the intervention improved school performance, aggression control, and trust. For impacts in early adulthood, we present new data showing that the treated group is more likely to be active fulltime in either work or school from ages 17-27, and to belong to a civic or social group. This result complements earlier findings [START_REF] Boisjoli | Impact and clinical significance of a preventive intervention for disruptive boys: A 15-year follow-up[END_REF] showing higher rate of secondary-school graduation for the treatment group and a large reduction in criminal behavior. We then present evidence that the changes in late adolescent school performance and young adult outcomes are explained by changes in behavior in the early adolescent period. We provide suggestive evidence on the amount of the impact on each outcome that can be explained by changes in Self-Control (Aggression Control and Attention-Impulse Control) and Trust.

The results from our decomposition exercise are directly connected to the debate in the literature about the interaction between non-cognitive and cognitive skills, the contribution of non-cognitive skills to cognitive outcomes, school performance, and their related outcomes in adulthood [START_REF] Heckman | Fostering and Measuring Skills: Interventions that improve Character and Cognition[END_REF][START_REF] Vitaro | Early predictors of high school completion: The developmental interplay between behavior, motivation, and academic performance[END_REF]. In particular, our results are related to nonexperimental longitudinal studies showing a strong association between childhood selfcontrol and a variety of adult outcomes such as school achievement, health and criminality. The crucial contribution of this study is that there is an exogenous variation in self-control levels thanks to the randomization of the intervention, whereas most evidence on the effect of self-control is based on non-experimental longitudinal studies, which cannot address the issue of causality [START_REF] Duckworth | The significance of self-control[END_REF][START_REF] Duckworth | Self-discipline outdoes IQ in predicting academic performance of adolescents[END_REF][START_REF] Diamond | Preschool program improves cognitive control[END_REF][START_REF] Moffitt | A gradient of childhood self-control predicts health, wealth, and public safety[END_REF][START_REF] Pingault | The developmental course of childhood inattention symptoms uniquely predicts educational attainment: A 16-year longitudinal study[END_REF][START_REF] Pingault | Childhood hyperactivity, physical aggression and criminality: a 19-year prospective populationbased study[END_REF][START_REF] Pingault | Childhood trajectories of inattention and hyperactivity and prediction of educational attainment in early adulthood: a 16-year longitudinal population-based study[END_REF].

This study differs from the rich and growing literature on childhood development programs in terms of the characteristics of the target population, length of follow up, the strength of causal identification and the content of the program.

This study targets a different population than most previous studies: children with high deficits in social skills at school entry. The selection criterion of previous studies was mostly based on low IQ or low-income status of parents or neighborhoods. In addition, it provides evidence of effectiveness of an intervention after early childhood, and there is little evidence on the effectiveness of non-cognitive skills training during the early elementary school years [START_REF] Heckman | Fostering and Measuring Skills: Interventions that improve Character and Cognition[END_REF][START_REF] Durlak | The impact of enhancing students' social and emotional learning: A meta-analysis of schoolbased universal interventions[END_REF]. As discussed above, understanding whether the window of intervention is narrow or wide has significant policy relevance. Programs have begun either at birth, like the Nurse-Family Partnership [START_REF] Howard | The role of home-visiting programs in preventing child abuse and neglect[END_REF] or the Abecedarian Program [START_REF] Campbell | Early childhood education: Young adult outcomes for the Abecedarian project[END_REF][START_REF] Campbell | Early childhood investments substantially boost adult health[END_REF], or before the age of 3, like the Jamaican Supplementation Study [START_REF] Gertler | Labor market returns to early childhood stimulation: A 20-year follow up to an experimental intervention in Jamaica[END_REF], the Perry Preschool Program [START_REF] Heckman | Analyzing social experiments as implemented: A reexamination of the evidence from the High Scope Perry Preschool[END_REF], or the Head Start program [START_REF] Currie | Does Head Start make a difference?[END_REF][START_REF] Ludwig | Does Head Start improve children's life chances? Evidence from a regression-discontinuity design[END_REF].

This study has a longer follow-up than most previous studies. The few interventions that have targeted elementary school students generally do not have long-term follow-up on both the development of skills during adolescence and later adult outcomes [START_REF] Heckman | Fostering and Measuring Skills: Interventions that improve Character and Cognition[END_REF]. In a metaanalysis of 213 school-based emotional learning programs, only 15% of those programs have a follow-up that lasts beyond 6 months, and the other ones have very short follow-up programs compared to the MLES [START_REF] Durlak | The impact of enhancing students' social and emotional learning: A meta-analysis of schoolbased universal interventions[END_REF]. A randomized experiment of non-cognitive skill training in Chicago is close to ours [START_REF] Heller | Improving social-cognitive skills among disadvantaged youth: A randomized field experiment[END_REF] but not enough time has elapsed since implementation to measure long-term impacts. The Seattle Social Development Project had unusually long-term follow up that showed positive impacts [START_REF] Hawkins | Reducing early childhood aggression: Results of a primary prevention program[END_REF][START_REF] Hawkins | Preventing adolescent health-risk behaviors by strengthening protection during childhood[END_REF][START_REF] Hawkins | Promoting positive adult functioning through social development intervention in childhood[END_REF][START_REF] Hawkins | Effect of social development intervention in childhood 15 years later[END_REF]. The MLES program is different because it was randomized at the individual level, providing an opportunity for strong causal inference, and because it has a broader set of observations and more frequent assessments of a large variety of non-cognitive skills from childhood to early adulthood.

The content of the MLES curriculum targeted only non-cognitive skills while most of the other early childhood interventions taught cognitive skill development (like Abecedarian and Head Start) or combined non-cognitive training with cognitive training (Perry Preschool). In this way, the MLES is also different from the Fast Track program [START_REF]Conduct Problems Prevention Research Group, Fast Track intervention effects on youth arrests and delinquency[END_REF][START_REF] Bierman | School Outcomes of Aggressive-Disruptive Children: Prediction From Kindergarten Risk Factors and Impact of the Fast Track Prevention Program[END_REF] which included both academic tutoring and social skills training. The Cambridge-Somerville Youth Study evaluated training in non-cognitive skills with a long-term follow-up, which actually had a negative impact on participants at age 30 [START_REF] Mccord | A follow-up report on the Cambridge-Somerville Youth Study[END_REF], but the program intervention was itself fundamentally different from that of the MLES: children with behavioral problems were grouped together for treatment, and this may have given rise to the stigma or negative influence of deviant peers that led to the unintended negative consequences.

Several dimensions of the MLES program have been discussed in the psychology literature, but it is generally centered on testing measures of and theories on the development of aggressiveness during adolescence [START_REF] Tremblay | Can disruptive boys be helped to become competent[END_REF][START_REF] Tremblay | Parent and child training to prevent early onset of delinquency: The Montreal longitudinal experimental study[END_REF][START_REF] Tremblay | A bimodal preventive intervention for disruptive kindergarten boys: its impact through midadolescence[END_REF][START_REF] Tremblay | The development of aggressive behavior during childhood: what have we learned during the past century[END_REF][START_REF] Vitaro | Negative social experiences and dropping out of school[END_REF][START_REF] Lacourse | A longitudinal-experimental approach to testing theories of antisocial behavior development[END_REF][START_REF] Castellanos-Ryan | A multimodal intervention for disruptive kindergarten children reduces substance-use across adolescence: a randomized control trial[END_REF][START_REF] Vitaro | Kindergarten Disruptive Behaviors, Protective Factors, and Educational Achievement by Early Adulthood[END_REF] and primarily relies on scales designed to test one psychological construct at a time. Other studies have examined the long-term effect of the MLES on secondary completion and crime [START_REF] Boisjoli | Impact and clinical significance of a preventive intervention for disruptive boys: A 15-year follow-up[END_REF][START_REF] Vitaro | Pathways explaining the reduction of adult criminal behaviour by a randomized preventative intervention for disruptive kindergarten children[END_REF].

In this study we investigate the impact of the intervention on a wide set of noncognitive and cognitive skills at adolescence, using new data that has not been previously presented or analyzed. We take a much broader approach to identify the development of all potential cognitive and non-cognitive skills during adolescence rather than restricting the analysis to aggressiveness. This approach opens the way to identifying new, potentially important, skills, which are then systematically examined for their relationship to academic achievement during adolescence and adult outcomes using the same framework. While we do find some skills related to disruptiveness as addressed in previous papers, there are notable differences, and we add several new skills: new data includes information on school performance and grades, trust, altruism, self-esteem, friends, and parent behaviors. We also extend the analysis of these diverse cognitive and non-cognitive skills as potential pathways for impacts on education, crime, economic and social outcomes and provide suggestive evidence on the relative contribution of several different skills.

Experimental Design and Data

In the spring of 1984, the Montreal Longitudinal Experimental Study (MLES) evaluated 1037 boys at the end of kindergarten (age 6) in low socio-economic areas. From this original sample, 250 boys were targeted for the experiment based on teacher ratings of disruptive behavior. These 250 boys were randomly assigned to either participate in the social skills/parent training program or to be part of the control group. Detailed information on the behavior rating, sampling, timeline of the intervention and data collection, and information on tests for the balance of baseline characteristics are given in Supplementary materials section B.

The intervention took place when the participants were between 7 and 9 years old. Over the two-year period, 19 sessions were carried out at school by a team of professional childcare workers, a social worker and a psychologist. The sessions were carried out in small groups, which included one disruptive boy and 3 or 4 non-disruptive boys. The first year was dedicated to social behavior training, such as how to ask a question, how to say no politely, or how to join a game. The second year was dedicated to self-control, such as how to react to teasing or when angry, or how to identify the intentions of others. The parents received a home-based training program in child rearing to review and reinforce the lessons taught at school at home. The control group did not have access to this program but had access to all of the standard programs and resources available to the Montreal public school children in this period. Detailed information on the program is given in Supplementary materials section A.

Of those assigned to the treatment group, 67% agreed to participate. Table S 2 shows the difference between compliers and non-compliers on a number of baseline variables.

Differences are significant at the 10% level or higher for 4 out of 21 variables tested: Prestige of mother's job, age of mother, initial aggression and initial fighting. Our estimates control for those baseline characteristics. Our preferred specification uses Intention to Treat (ITT) estimation, so that all subjects assigned to the treatment group are considered treated for the analysis, and we provide Treatment on Treated (TOT) estimates in Table S 20 for completeness.

Following the two-year intervention program between ages 7-9 (1985-1987), the MLES collected detailed longitudinal data for two decades on the boys' development during adolescence, including self-reported behavior, grades, relationship with parents, and teacherreported behavior, and later adult outcomes at ages 17-27, including educational achievement, crime, employment and social capital from both administrative data and selfreported surveys. The surveys took place around age 20-21 and 26-27. The MLES also collected the same longitudinal data for the boys who were not identified as disruptive during the kindergarten year (N= 787). We use data from both groups as the comparison between the experimental group and the non-disruptive group helps understand the size of the impact by estimating to what extent the intervention helped the disruptive boys "catch up" to the nondisruptive. Details on constructing the measures are given in Supplementary materials section C.

We identify two skills that deal with self-control, based largely on the behavioral dimensions used to identify the disruptive sub-sample in kindergarten: Aggression Control, that is, control over aggressive behavior towards persons or towards property (such as fighting, bullying, and destroying objects), and Attention-Impulse Control, that is, control over impulsive behavior in tasks that require self-control (sitting still, remaining on task, focusing). We also identify four additional skills: Trust, Friends, Altruism and Self-Esteem. Trust includes trust in others and also the ability of perspective taking, that is, to understand the intentions of another person. Our measure of trust is thus more subtle than a definition where someone may be "trusting" if they simply tend to believe what other people tell them, it is more closely related to someone's attitude toward the intentions of institutions and other people (in particular, people who are outside of their immediate social circle). Friends measures the closeness of relationships friends, Altruism measures voluntary altruistic and compassionate behavior, and Self-Esteem measures feelings of value and self-worth. There is also a measure of social capital, Group Membership, which is the only non-cognitive skill that is measured by a single variable (whether or not the individual belong to a social group at ages 16 or 17). Figure 1 parts A, B, andC shows the distributions for the treatment and control groups, as well as the non-disruptive sub-sample, of the Aggression Control, Attention-Impulse Control, and Trust skills.

For cognitive skills and school performance, verbal IQ was tested when the subjects were around 13 years old using the Sentence Completion Test [START_REF] Lorge | The Lorge-Thorndike Intelligence Tests[END_REF], and we have data on yearly grades in Math and French, as well as whether the subject had been held back or was in special education class each year. Figure 1 part D shows the percent of subjects held back a grade at each age.

Full details for each skill, including all distributions, summary statistics, the number of components, the Cronbach alpha index for internal consistency, and the mean and number of observations for each sub-sample are given in Supplementary materials section C. We also measure, but find no impact on, various aspects of parent behavior, reported in Supplementary materials section E.

The adult outcome variables are measured with questionnaires and administrative data. We use self-reported data on activities from ages 17 to 27 to construct a variable of the percent of reported years from 17-27 where the subject was active full time by either school or work or both. To supplement the data on fulltime activity, we also provide estimates on whether the subject was employed at age 27, employed fulltime at age 27, and the percent of years from ages 17-27 during which the subject reported receiving government transfers, and the percent of years from ages 17-27 that the subject was inactive. We also measure the hours worked at age 27 which we use as one measure of cost-effectiveness in section 5. We use self-reported data on whether or not the subject reported belonging to a civic or social group at age 21 or age 27. We use administrative information on whether each subject had received a secondary-school level degree, whether they had a criminal record, the number of offenses and whether the offense was violent or non-violent, collected when the participants were around 23-24 years old (2003). Summary statistics on adult outcome are given in Supplementary materials section C.

For the adolescent outcomes that we focus on, in early adolescence the average rate of attrition is 4%, and in late adolescence the average rate of attrition is 10%. Adult education and criminal outcomes come from administrative data for which attrition is virtually zero. However, the primary economic and social outcomes suffer from high attrition of around 40% (38% in the control group and 44% in the treatment group) that could threaten internal validity if it is correlated with treatment. In no case is the rate of attrition statistically significant between the treatment and the control group. Supplementary materials section B details attrition rates between groups and the relationship to compliance. We discuss the strategies we use to deal with attrition below.

Impact of the program

Figures 1 and2 show the raw differences in selected outcomes, and Tables 1 and2 show the results from different specifications for selected outcomes, and our preferred specification is column 5 of Table 1 and column 6 of Table 2. Supplementary materials section D provides details on the specifications and detailed results for all outcomes.

In early adolescence, we find that the treatment has a significant impact on noncognitive skills: Aggression Control is higher in the treatment group (0.15 standard deviations, significant at the 10% level, about 36% of the difference between the disruptive and non-disruptive sub-samples), Attention-Impulse Control (0.19 standard deviations, significant at the 5% level, about 57% of the difference between the disruptive and nondisruptive sub-samples) is higher, and Trust is higher (0.17 standard deviations, significant at the 5% level, about 62% of the difference between disruptive and non-disruptive). There is no impact on the other behavioral factors in early adolescence: Friendship, Self-Esteem, and Altruism, and no impact on IQ scores, grades, being held back, or being placed in a Special Education Class.

In late adolescence, treatment has a significant impact on Aggression Control (0.18 standard deviations, significant at the 5% level, or 61% of the gap between the disruptive and non-disruptive sub-samples) and Trust (0.18 standard deviations, significant at the 5% level, or 68% of the gap between disruptive and non-disruptive sub-samples). We find no impact on Attention-Impulse Control in late adolescence. In contrast to the early adolescent period, we observe a large impact on school performance in the late adolescent period: Grades (about 0.30 standard deviations, or 74% of the gap between disruptive and non-disruptive subsamples), percent of years Held Back (14 percentage points, 65% of the gap between disruptive and non-disruptive sub-samples) and percent of years in Special Education (14 percentage points, or 65% of the gap between disruptive and non-disruptive samples) (all significant at the 5% level). In addition, there is an increase in social group membership (10 percentage points, significant at the 5% level). The impact on social group membership is very large relative to the gap between the disruptive and the non-disruptive sub-samples, over five times as large, but this is because the gap itself is quite small. Indeed, overall group membership is low.

For crime and secondary completion, we find results equivalent to those previously reported [START_REF] Boisjoli | Impact and clinical significance of a preventive intervention for disruptive boys: A 15-year follow-up[END_REF]. The treatment group committed 1.1 fewer crimes per person, significant at the 10% level, bringing the treatment group about 80% of the way "back" to the non-disruptive sub-sample. The impact is largely driven by reductions in nonviolent crimes (for example, drug offenses) rather than violent crimes. Participants in the treatment group are 18 percentage points more likely to have received a secondary school diploma than participants in the control group, significant at the 1% level (note that only 32% percent of control group participants completed secondary school). Our specification shows that the treatment reduced the gap between the non-disruptive and disruptive sub-samples by 80%.

We find a significant impact on economic performance and social capital. 1 Treatment participants were active fulltime in work or school between 8 and 12 percentage points more than the control group (the control group average is 80%), significant at the 5% level. Treatment group members were 22 percentage points more likely to belong to a social group, from 32% in the control group, significant at the 5% level. Both the impacts on percent of years active fulltime and on social capital are large and greater than the size of the gap between the disruptive and non-disruptive groups. (Recall that the impact on social group membership in adolescence also exceeded the gap between the disruptive and non-disruptive sub-samples).

Robustness Checks

There were 53 schools in 1984, with an average of 20 total participants, 2 treatment participants and 4 control participants, per school. Since randomization was carried out at the individual level (within schools), and control and treatment participants are present in each school, neither fixed effects nor clustering are required, but we present these results as robustness checks. We present a specification that includes clustered standard errors at the level of the school in 1984, and a specification that includes fixed effects at the level of the school in 1984.

Since the sample size is small, we also include the p-value from a permutation (randomization) test of the difference in means (where treatment group assignment was randomly permuted within the sample) with 2000 draws. That is, treatment group assignment was randomly re-assigned 2000 times, and the simple difference in means (or proportions) was calculated for each draw. The p-value is the proportion of draws that have a difference in means as large (in absolute value) as the difference observed in the true sample.

Attrition is marginal for observations on cognitive and non-cognitive skills during adolescence, and for secondary-school completion and criminal records that are based on administrative data, but is a potentially important issue for the economic and social adult outcomes. We test whether attrition for adult outcomes is related to 21 variables collected prior to the program, and whether it is related to treatment conditional on those baseline variables. 2 Results are given in Supplementary materials section B. There are two variables of potential concern: father's initial work status and hyperactivity. We control for these variables in all regressions using adult data subject to attrition.

In order to get an idea of the possible direction and magnitude of any bias, we estimate the bias introduced by the same level of attrition into the estimate of the program impact on secondary school completion. Administrative data on secondary school completion is available for nearly the entire sample (242 out of 250 participants, or 97%). We use the following procedure. We create a false secondary school variable that takes the value of missing if the subject is missing data for our principal economic outcome (percent of years active fulltime) and the value of the true secondary school variable if they do have economic outcome data. In this way we mimic the level of attrition in the adult questionnaire data in the administrative data (we call this the "attrited" dataset). We then estimate the impact of the program on secondary school completion using our preferred specification. We compare this to an estimate of the impact of the program using data from the entire sample (the "true" dataset). The validity of this comparison rests on the assumption that the direction of the bias induced in the secondary school completion is likely to be the same as the direction of the potential bias in the fulltime occupation data. The results presented in Table S 6 show that if we had observed the same pattern of attrition for secondary completion as we do for percent active fulltime, we would underestimate the impact. This test provides some reassurance that our results are not driven by attrition bias.

We also use inverse probability weighting (IPW) as an additional check. IPW gives higher weight to observations that are similar to those missing outcome data [START_REF] Campbell | Early childhood investments substantially boost adult health[END_REF]. This procedure cannot recover the true distribution of outcomes except under strong assumptions, but provides an additional robustness check. We use a logit specification with a dummy variable for attrition as the dependent variable and all available baseline variables as the independent variables. Using the coefficients from this estimate and the values of the baseline variables, we calculate the likelihood that each subject will attrit regardless of actual attrition status. Participants are weighted using the inverse of the likelihood of having data on the outcome, so that participants who are similar to attriters have higher weight in the estimate of program impact. We include the estimate using IPW for variables with attrition. In general, the IPW estimates of impact are slightly larger than the unweighted estimates.

Trust and Self-Control as Potential Mechanisms

We observe an impact on Self-Control and Trust in early adolescence, and subsequent improvements in school performance and young adult outcomes. To what extent are these changes explained by the initial changes in non-cognitive skills? That is, is the initial boost in trust and self-control responsible for the later improvements in school, crime, and labor market outcomes? Note that non-cognitive skills explain a higher share of the variance in later school performance than early adolescent school grades and IQ. Figure 3 shows the adjusted R-squared for regressions on school achievement, where the independent variables are IQ, the non-cognitive skills evaluated here, or both. It shows that, except for Special Education, Trust and Self-Control explain substantially more of the variance in school achievement.

Here, we investigate the potential mechanisms for explaining the impact on academic achievement and adult outcomes, following some aspects of previous approaches to estimating mechanisms [START_REF] Heckman | Understanding the mechanisms through which an influential early childhood program boosted adult outcomes[END_REF]. Details of the estimation strategy are given in Supplementary materials section F. We present these results with the caveat that whereas the impact of the treatment on the non-cognitive skills, school performance, and young adult outcomes is wellidentified thanks to the random assignment of the treatment, the analysis presented here depends on the observed correlation of the non-cognitive skill to the outcome, which may be subject to omitted variable bias. Nonetheless, these results, combined with the fact that we find no impact on other non-cognitive skills or cognitive skills in early adolescence, and the fact that these were precisely the skills that were targeted by the program, provide strong suggestive evidence that trust and self-control are mechanisms for the longer-term impact of the intervention.

Figure 4 shows the proportion of the impact on each outcome that is explained by changes in adolescent skills, and Tables S 31 and S 32 present the estimates and p-values. Half of the impact on being Held Back is explained by changes in Attention-Impulse Control (50%, significant at the 5% level), and 20% is explained by changes in Trust (significant at the 10% level), leaving 30% of the impact unexplained though this direct impact is not significant. There is essentially the same pattern for assignment to Special Education Classes: 36% (significant at the 10% level) of the impacts explained by Attention-Impulse Control, 21% (significant at the 5% level) is explained by Trust. The unexplained impact is not significant. The impact on Grades is not explained by Trust or by Aggression Control, but about half (54%, significant at the 5% level) is explained by Attention-Impulse Control.

Changes in Attention-Impulse Control explain the greatest proportion of the treatment impact on secondary completion (about 52%, significant at the 5% level), while Trust (13%, not significant but with a p-value of 0.10) and Aggression Control (9%, significant at the 10% level) may also play a role. Recall that we found no impact of the program on IQ or grades in early adolescence, so this again underlines that non-cognitive skills, in particular Attention-Impulse Control, are important determinants of school achievement.

Changes in Aggression Control explain the greatest proportion of the treatment impact on Number of Crimes (32%, significant at the 10% level), Attention-Impulse Control and Trust explains 5% (not significant). Changes in Attention-Impulse Control and Trust explain equal shares of the treatment impact on percent active fulltime: each about 14% (Attention-Impulse Control significant at 5% and Trust at the 10% level). Changes in Trust are the only skill that explains even a part of the impact on group membership, about 6% of the impact, and it is not significant.

Cost-effectiveness and Rate of Return

While it is difficult to estimate the precise rate of return to such a program because it is difficult to monetize the benefits (for an exception, see 47), it may be useful for policymakers to know the order of magnitude of the benefits in comparison to the costs;

We estimate the cost of the program based on known staff costs, as the principle cost of the program was the salary of the trainers and implementers, and no other particular inputs were used. The implementation team was composed of one full time social worker, two full time childcare specialists (BA level), one psychologist, and one half-time program administrator, full time over the course of the program (two years). We do not include the cost of evaluation or questionnaires. We use median reference hourly wages for these professions in Quebec in 2011 (48), adjusted for inflation to 1985 (half a year), 1986 (full year), and 1987 (half a year). We assume 40 hours per week paid for 52 weeks. We assume that other costs amount to 30% of salaries (photocopies, transport, training, and so on). Under these assumptions, we calculate that the total program cost per person (for two years) was around 9,500 in 2013 USD.

In order to understand how the benefits relate to the costs of the intervention, we compare the benefits to the costs in two ways. First, we calculate how much each increment of benefit "cost" under the intervention. For example, how much did it cost, using this program, to avert one crime? This type of estimate of cost-effectiveness measures the effectiveness of a program in terms of the cost of attaining a desired outcome. It does not rely on monetizing the outcomes. It can be useful for making general comparisons between programs that have similar policy goals [START_REF] Dhaliwal | Comparative cost-effectiveness analysis to inform policy in developing countries: a general framework with applications for education[END_REF]. The detailed assumptions underlying this analysis are presented in Supplementary materials section G. We calculate that the cost of averting one crime is around 3,100 in 2013 USD, the cost of each additional secondary graduation is around 29,300 in 2013 USD. We also estimate that the cost of each repeated year avoided is 8,600 in 2013 USD and the cost of each year of special education avoided is 7,700 in 2013 USD. We calculate that each additional year of fulltime work of about 1,800 in 2013 USD.

Second, we calculate a lower bound overall rate of return based on a set of reasonable and conservative assumptions, and show the proportion of return accounted for by each type of benefit. This estimate gives a general idea of how good an investment this type of intervention is likely to be, compared to other interventions with different policy goals. Our calculation of the total monetary benefits of the program is a lower bound: it excludes monetary benefits from increased hourly wage, because calculating the benefits in increased hourly wage requires making assumptions about the replacement wage of the unemployed, increased high school graduation, and reduced social cost of crime. We calculate that each dollar invested yields about 14 dollars in net benefits over 53 years. An equivalent compound interest rate, taking into account the 53 years elapsed between investment at age 7 (the intervention) and the full benefits accrued at age 60, is around 5%. Since labor market activity accounts for a large proportion of the returns, the estimate is sensitive to the amount of labor returns, and these returns may fade over time. If labor market returns decline yearly at the rates of 5%, or 15%, the respective equivalent compound interest rates are 4% or 2%. Details of the cost-effectiveness estimates and a sensitivity analysis are presented in Supplementary materials section G.

Conclusion

We find that a non-cognitive skills training program conducted in inner-city Montreal in the 1980s with disruptive boys led to substantial improvements in non-cognitive skills in early and late adolescence, improvements in school performance in late adolescence, and long-term positive effects early adult outcomes. We use a rich longitudinal dataset to examine cognitive and non-cognitive skills and find that the program changed levels of trust and selfcontrol (both in terms of controlling aggression and controlling attention and impulses) in adolescence, and we provide suggestive evidence that these non-cognitive skills are the mechanisms by which adult outcomes are improved. An important result from this paper is the evidence that self-control is critically important for academic achievement as an adolescent, and directly linked to young adult outcomes.

Our findings highlight the role of trust as an important factor for explaining academic achievement and adult outcomes. A growing literature shows an important association between social capital and trust and community or country-level outcome like income per capita [START_REF] Banfield | The Moral Basis of a Backward Society[END_REF][START_REF] Putnam | Bowling Alone: The Collapse and Revival of American Community[END_REF][START_REF] Algan | Trust, Growth and Well-Being: New evidence and policy implication[END_REF]. A recent study shows that inter-generational mobility is highly correlated with social capital at the local level, measured by voter turn-out or civic associations in US districts [START_REF] Chetty | Where is the land of opportunity? The geography of intergenerational mobility in the United States[END_REF]. At the same time, relatively little research attention has been paid to the causal impact of trust on individual success (as compared to self-control) and the mechanisms behind the relationship between trust and aggregate outcomes are poorly understood. We present evidence at the individual level on this mechanism: higher levels of trust help people function better in secondary school and on the job market, controlling for other cognitive and non-cognitive skills. Our evidence on the important role of trust suggests that new investment should be made in refining the measure of trust in others and perspective taking, and how to build those social skills in early childhood.

The results reported in this paper demonstrate that increased investment in early childhood development programs for disruptive boys from low socioeconomic environments is likely to be an efficient and profitable public policy, especially where such programs explicitly incorporate simple strategies to foster the development of social skills. Outside of the public interest in the welfare of these children, such investments are likely to be particularly prudent in terms of cost to the education system, the welfare system, the juvenile justice system and the criminal justice system.

References and Notes:

1 While we focus on percent active fulltime as our primary economic outcome of interest, we present impacts on related economic outcomes. We observe significant effects on percent of years 17-27 working, and employment, full-time employment, number of hours worked and hourly wages at age 27. There is no significant impact on the percent of government transfers, though the point estimates are in the expected direction. There is no impact on activity at age 21. 2 Whether both parents were living at home; age of mother and father at birth of subject; education of mother and father; work status of mother and father; prestige of job of mother and father, number of children in the household; adversity index of household; age of subject in 1984; whether or not the subject went to pre-school; and initial scores on aggression, anxiety, opposition, pro-sociality, combativeness, inattention, hyperactivity, and anti-social behavior. As young adults, treatment subjects commit fewer crimes, are more likely to graduate from secondary school, are more likely to be active fulltime in school or work, and are more likely to belong to a social or civic group. The intervention closed part or all of the gap between boys ranked as disruptive in kindergarten but not treated (the control group) and the nondisruptive boys (who represent the normative population). Raw differences are significant for secondary diploma (p-value=0.04) and group membership (p-value=0.05), conditional differences (controlling for group imbalances) are significant for number of crimes (p-value=0.09) and percent active fulltime (p-value=0.03). 

Figure 1 .

 1 Figure 1. Non-cognitive skills and school performance during adolescence. A, B and C show distributions for non-cognitive skills measured in early adolescence for the control, treatment and nondisruptive groups (the non-disruptive boys being those who were not disruptive in kindergarten and did not participate in the experiment as treatment or control: they serve as a normative population baseline). Kolmorgorov-Smirnov test for equality of Treatment and Control distributions gives p-value of 0.003 for Trust, 0.036 for Aggression Control, and 0.023 for Attention-Impulse Control. D shows the increasing gap in the percent of subjects held back at each age. P-value from χ 2 test between Treatment and Control groups is 0.60 at age 10 and 0.01 at age 17.

Figure 2 .

 2 Figure 2. Young Adult Outcomes.As young adults, treatment subjects commit fewer crimes, are more likely to graduate from secondary school, are more likely to be active fulltime in school or work, and are more likely to belong to a social or civic group. The intervention closed part or all of the gap between boys ranked as disruptive in kindergarten but not treated (the control group) and the nondisruptive boys (who represent the normative population). Raw differences are significant for secondary diploma (p-value=0.04) and group membership (p-value=0.05), conditional differences (controlling for group imbalances) are significant for number of crimes (p-value=0.09) and percent active fulltime (p-value=0.03).

Figure 3 .

 3 Figure 3. School achievement explained by IQ and non-cognitive skills. The non-cognitive skills measured in this paper explain a higher proportion of school performance than IQ. The bars plot the adjusted R-squared from uncontrolled OLS regressions of IQ or non-cognitive skills (Trust, Aggression Control, and Attention-Impulse Control), or both, on different measures of school achievement.

Figure 4 .

 4 Figure 4. Proportion of impact on Grades and Young Adult Outcomes explained by Aggression Control, Attention-Impulse Control, and Trust. Increases in non-cognitive skills explain a substantial portion of the impact on several outcomes. Calculated percentages and p-values presented in Supplementary materials section F.
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Table 1. Impact of treatment on adolescent outcomes. Each cell of column [START_REF] Borghans | The economics and psychology of personality traits[END_REF] gives the p-value for the raw difference between the treatment and the control group for each of the outcomes (in rows). Each cell of columns ( 2)- [START_REF] Bowles | A (Science-Based) Poor Kids' manifesto, (Review of Heckman James, Giving Kids a Fair Chance: A strategy that works[END_REF] give the regression coefficient of the treatment dummy variable on each of the potential mechanisms (in rows). Columns (2)- [START_REF] Heckman | Skill formation and the economics of investing in disadvantaged children[END_REF] include bootstrapped standard errors (with 2000 draws) in parentheses. Column [START_REF] Bowles | A (Science-Based) Poor Kids' manifesto, (Review of Heckman James, Giving Kids a Fair Chance: A strategy that works[END_REF] includes robust standard errors in parentheses. *** p<0.01, ** p<0.05, *p<0.10. Columns (1)-( 3) and ( 9) use data from the disruptive sample only. Columns ( 4)-( 8) use data from the entire sample. Columns (1), ( 2), (4), and (9) include no controls. Columns (3) and ( 5)-( 8) include controls for imbalances between the treatment and control groups. Column [START_REF] Bowles | A (Science-Based) Poor Kids' manifesto, (Review of Heckman James, Giving Kids a Fair Chance: A strategy that works[END_REF] uses inverse probability weighting to adjust for attrition under certain assumptions. The p-values in column [START_REF] Cunha | Formulating, identifying and estimating the technology of cognitive and noncognitive skill formation[END_REF] are from a permutation test of the difference of the means (where the permuted value is treatment group) with 2000 repetitions. For details on specifications, see Supplementary materials section D. ( Table 2. Impact of treatment on young adult outcomes. Each cell of column (1) provides the p-value for the raw difference between the treatment and the control group for each of the young adult outcomes (in rows). Each cell of column (2) gives impact of treatment (in marginal effect) from a logit specification. Each cell of columns (3)-( 9) give the OLS regression coefficient of the treatment dummy variable on each of the outcomes (in rows). Columns ( 2)-( 8) include bootstrapped standard errors (with 2000 draws) in parentheses. Column (9) includes robust standard errors in parentheses. *** p<0.01, ** p<0.05, *p<0.10. Columns (1)-( 4) and ( 10) use data from the disruptive sample only. Columns ( 5)-( 9) use data from the entire sample. Columns (1), ( 2), ( 3), [START_REF] Chetty | How does your kindergarten classroom affect your earnings? Evidence from project Star[END_REF], and (10) include no controls. Columns ( 4) and ( 6)-( 9) include controls for imbalances between the treatment and control groups for all outcomes and baseline variables correlated to treatment and attrition for economic and social capital outcomes (see Supplementary materials section B). Column [START_REF] Cunha | Formulating, identifying and estimating the technology of cognitive and noncognitive skill formation[END_REF] uses inverse probability weighting to adjust for attrition under certain assumptions.

The p-values in column [START_REF] Cunha | Estimating the technology of cognitive and noncognitive skill formation[END_REF] are obtained from a permutation test of the difference of the means (where the permuted value is treatment group) with 2000 repetitions. For details on the specifications, see Supplementary materials section D.
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