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Abstract

We estimate the effects of five latent personality skills and college educa-
tion on determinants of longevity, including health behaviors, lifestyles, life-
time earnings, as well as general and mental health. The latent personality
skills are closely related to the well-established contemporary Big Five taxon-
omy of personality. We motivate this study by a theoretical framework, which
shows multiple channels through which personality and education may affect
health behaviors and lifestyles. We employ the Terman life-cycle data of chil-
dren with high ability (1922–1991), which is uniquely suited to studying the
developmental and behavioral origins of health and longevity. We uncover
plausible mechanisms behind strong treatment effects of personality and col-
lege education on longevity documented in Savelyev (2014). We account for
measurement error via factor-analytic methods and control for multiple hy-
potheses using a new version of the Holm-Bonferroni method with superior
power proposed by Romano and Wolf (2005). We find strong effects of per-
sonality skills and education on health and health-related outcomes. The
effects of education and the five personality skills differ by gender and out-
come, demonstrating substantial heterogeneity in the role of multiple human
skills in generating health. Variance explained by the five latent personality
skills is comparable to the variance explained by all observable determinants
taken together including education, IQ, early health, and family background.

Key words: post-compulsory education, cognitive skills, personality skills,
Big Five personality taxonomy, health, health behaviors, health-related con-
sumption, lifestyles, earnings, multiple-hypothesis testing, stepdown proce-
dure, Terman data of children with high ability, gender difference
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1 Introduction

There is evidence documented in the literature that both cognitive and personality

skills, as well as college education have an effect on longevity (e.g., Buckles et al., 2013;

Savelyev, 2014). However, the mechanisms of such effects are still not well understood,

especially those for personality skills. This paper offers a theoretical framework and

empirical results that shed light on the mechanisms. We establish the effects of post-

compulsory education, IQ, and personality skills on the following various outcomes

that, according to the literature, are plausible determinants of longevity: health-related

consumption, lifestyles, and earnings. Effects on these outcomes are of interest both in

their own right and as part of longevity production.

Health economics papers examining the causal effect of education on health, health-

related outcomes, or longevity largely use various natural experiments as a source of

identification. A number of these papers are at odds with each other even though they

use the same identification strategy. For instance, while some papers claim a causal ef-

fect of education on health or longevity (Grossman, 2004; Grossman and Kaestner, 1997;

Lleras-Muney, 2005; van Kippersluis et al., 2011), some others find that there is hardly

any effect (Albouy and Lequien, 2009; Clark and Royer, 2013; Mazumder, 2008). The

contradiction is partly due to the serious limitations of natural experiments. Indeed,

validity and monotonicity of instrumental variables are often strong assumptions.1 In-

struments are often weak. Loss of estimation precision relative to OLS is substantial.

Also, effect is identified only for a specific sub-population that is induced by the instru-

ments to change behavior, leading to an estimation of the effect that is not necessarily

policy-relevant (Heckman and Vytlacil, 2007).

In this paper we take an approach that is an alternative to natural experiments, which

we believe to be a useful source of additional information, given the limitations of nat-

ural experiments and the existing controversy. Our identification strategy is based on

explicit factor modeling of latent skills that may contribute to the ability bias. Similar to

Heckman et al. (2006), we assume that, conditional on cognitive skills, five latent person-

1As we know, the regression discontinuity estimator is a special case of IV.
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ality skills, and an extensive set of theoretically relevant controls,2 the choice of education

is independent of health-related potential outcomes for those uneducated and educated.

The conditional independence assumption invoked for the identification of causal ef-

fects is similar to the one used in the matching literature; but, unlike in matching, which

only controls for observables, we additionally control for a set of comprehensive multi-

dimensional latent personality skills using factor-analytic methods.3 We acknowledge

limitations of this approach.

Recent papers by Conti, Heckman, and Urzúa (2010a,b) present results regarding the

relationship between education, personality, and a similar set of health outcomes using

data from the British Cohort Study. The authors calculate the causal effects of edu-

cation, cognition, and a one-dimensional representation of personality skills on health

behaviors. We join Conti, Heckman, and Urzúa (2010a,b) in supporting the claim that

personality skills play a key role in determining health-related outcomes, and comple-

ment their research by emphasizing the multi-dimensional aspect of personality and the

heterogeneity of the effects of personality skills that is not captured by lower dimension

representations. Further, we address the issue of multiple-hypothesis testing due to the

large number of similar outcomes explored. We also analyze a dataset with richer back-

ground information and with a much longer follow-up (ages 86 in the Terman data vs.

42 in the British Cohort Study).

Literature in psychology reports multiple correlations between the Big Five personal-

ity skills and health-related outcomes.4 In particular, Conscientiousness is strongly corre-

lated with beneficial health behaviors and other health-related outcomes, while Neuroti-

cism is strongly correlated with harmful health behaviors (Friedman, 2000; Goodwin and

Friedman, 2006). Our work supplements this literature by providing estimates that can

be interpreted as causal, by accounting for measurement error and multiple-hypothesis

testing.

2Our uniquely detailed controls include parental occupation, employment, and education information;
early parental and private tutoring; early health measures; health rating in childhood; early divorce or
death of parents; ratings of family well-being; and social status (see Table 2).

3The Big Five is one of the most established taxonomies of personality that attempts to reduce multiple
human skills to several latent factors (John and Srivastava, 1999).

4See, e.g, Friedman (2000, 2008); Friedman et al. (1994, 1995, 1993); Hampson and Friedman (2008);
Martin et al. (2007, 2002).
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We use the Terman life-cycle data of children with high ability. Boys and girls born

around 1910 were selected from schools in California for their high IQ (above 140).

The data prospectively covers the period from 1922 to 1991, and combines high-quality

measures of IQ and personality obtained around age 12 with life-cycle measurements of

health-related outcomes. The combination of early measures of psychological skills with

a life-cycle follow-up is unique and ideally suited for studying developmental origins of

health.

For each outcome of interest, we estimate a linear in parameters outcome equation

that accounts for education, IQ, latent personality skills, and a set of observable controls

together with a system of factor measurement equations that links latent skills to mul-

tiple noisy psychological measures. We account for the childhood personality skills of

Conscientiousness, Openness, and Extraversion using a set of ratings given by teachers

and parents; and we augment those with self-reported early adulthood Agreeableness

and Neuroticism to complete the Big Five model of personality. While in the economics

literature the problem of multiple-hypothesis testing is largely ignored, in this paper

we adjust each single p-value to strongly account for family-wise error rate following

Romano and Wolf (2005).

We find that the effects of personality and education differ considerably across gen-

ders. For males we find many effects of each skill on multiple health-related outcomes

and health behaviors. Overall, at least for behaviors and measures that we observe,

we can see that Conscientiousness and Education are good for heath through multiple

health-related outcomes, while Neuroticism is bad. Extraversion shows mixed effects

by increasing earnings and mental health, while also increasing heavy drinking. IQ for

this high-ability group shows only small, mixed effects. The only strong potential link

between Agreeableness and health is its negative effect on earnings. For females we

observe smaller number of strong and statistically significant links between skills and

health. The links through multiple channels for females are observed only for Education

and Neuroticism, but the number of potential mediators is smaller than for males.

The rest of the paper is organized as follows: Section 2 describes the data , Section 3

elaborates on the Big Five taxonomy of personality, Section 4 introduces the theoretical
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and statistical framework for our estimations, Section 5 presents the results, Section 6

provides a discussion of empirical findings, and Section 7 concludes.

2 Data Description

Research presented in this paper is based on the Terman Life-Cycle Data of Children

with High Ability (Terman, 1986). This dataset prospectively follows a group of 1,583

high-IQ individuals from 1922 to 1991. It thus allows us to look at the effect of ed-

ucation and personality on essential health-related outcomes at multiple points in the

life cycle. The availability of early childhood and early adulthood personality measures

enables the construction of personality skills that are close to the contemporary and well-

established Big Five taxonomy of personality (Martin and Friedman, 2000). The subjects

were also surveyed for education data several times over the life cycle, which helps us

construct reliable education data with minimal possible measurement error. The dataset

includes detailed life histories, early childhood and adolescent health conditions, as well

as information on parental and private tutoring and family background.

The Terman sample consists of 856 males and 672 females from public schools in Cal-

ifornia. The subjects were selected for an IQ of above 140, representing roughly the top

0.4% of the general population.5 While the sample is homogenous in that the subjects

are all highly intelligent, the personality skills show a wide variation. In fact, there is no

evidence that the subjects differ significantly from the general population with regards to

measures of personality (Friedman et al., 1993; Terman and Sears, 2002a). The possible

exception is Openness, which is known to be linked to IQ, unlike other personality skills

(Ackerman and Heggestad, 1997; Borghans et al., 2011; DeYoung et al., 2005). The Ter-

man study has an attrition of less than 10%, which is low for a 70-year-long prospective

study.

The wealth of information in the Terman data, like its low attrition, is remarkable.

Some 4,500 measurements made in the period 1922–1991 describe the family back-

5To be more precise, 187 children had an IQ in the range 126–139, with most of them being in the range
135–139 (180 children).
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ground, parental investment, personality, early health, and household economic status,

among other important determinants of health behavior and education attainment of the

subjects (Burks et al., 1930; Terman et al., 1925; Terman and Oden, 1959; Terman et al.,

1947; Terman and Sears, 2002a,b; Terman et al., 2002).

2.1 Health Behaviors, Health Measures, and Lifestyle Characteristics

Table 1 presents health-related outcomes that we explore in this paper including health

behaviors and their proxies, lifestyles, earnings, and general heath measures. Many of

these outcomes were observed at multiple points of the life cycle.6 We also use longitu-

dinal data to construct aggregate measures of outcomes over the life cycle such as “ever

drank heavily.”

Education in this paper refers to whether or not the subject received a Bachelor’s

degree or above, an outcome that we shortly refer to as “college degree” or “college

education.” Although this was a particularly high-IQ sample, there was still a sizeable

number of subjects (about 30% of the sample) who did not achieve a college degree.7 The

average IQ is approximately 149 for both genders. Subjects were tested using either the

Stanford Binet Test or the Terman Group Test. The IQ variable is constructed by survey

organizers from the two tests used and corrects for differences between them, as well as

for the age of subjects at the time of testing. The rest of the variables are the background

controls, which cover a wide range of underlying characteristics of the subjects, including

early childhood health, key parental characteristics, parental investment in children, and

cohort.

We restrict the regression sample the same way as in Savelyev (2014). The exclu-

sions determined prior to estimation are as follows: subjects who were not born in the

period 1904–1915; subjects who never participated or were lost or dropped out before

6We thank Miriam Gensowski for providing her calculations of earnings profiles. The life-cycle earnings
measures that we use are net of tuition paid for schooling and taxes and are expressed in 2010 US dollars
(see the Web Appendix of Gensowski (2013) for more details).

7Savelyev (2014) argues that for the Terman subjects’ generation, the high school threshold was similar
to today’s college threshold in terms of the percentile of the population above this threshold. Back in
1920-1930s, high school was perceived as a relatively high education level and was competitive for many
jobs.
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Table 1: Description of Main Variables, Outcomes
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Notes: (a)Calculations are based on the Terman data. Multi-period observations of heavy drinking, mental difficulty, and general health are

summarized into binary indicators which equal 1 when negative outcomes are observed in any point in time of the life cycle, and 0 otherwise.

Earnings are annual, in thousands of 2010 US dollars, net of tuition and taxes. General health variable is a standardized average of standardized

general health and energy self-ratings.
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1940; subjects who are missing both parent and teacher personality trait ratings in 1922;

subjects who are high-school dropouts; subjects who died in service during World War

II; subjects with serious diseases in their early life, such as chorea or Hodgkin’s disease;

subjects without education level information; and subjects who did not survive to age

30. Aside from subjects excluded due to missing data, these restrictions remove outliers8

in the sample and help reduce reverse causality9 between education and health.10

The base estimation sample contains 680 males and 529 females. All models are

estimated using this base sample, but the actual estimation sample may be smaller and

may vary from regression to regression due to missing information in left-hand side

variables.

2.2 Main Regressors and Background Variables

The right-hand side variables are described in Table 2, which includes education, IQ,

and background variables, but excludes personality measures, which are to be discussed

in Section 3.

3 Understanding Personality Skills

The literature in personality psychology explores many ideas of what personality is and

how to measure it. However, perhaps the most established contemporary categorization

of personality is the Big Five taxonomy (John and Srivastava, 1999).11 This taxonomy

reduces the dimensionality of human personality to just five latent factors: Openness,

Conscientiousness, Extraversion, Agreeableness, and Neuroticism (see Table 3 for de-

scriptions). This system of five personality skills is comprehensive enough to capture the

multi-faceted nature of human personality, whilst remaining computationally tractable.

8For example, a few subjects who were high school dropouts despite extraordinary IQ.
9For example, subjects with serious early health problems that may have severely affected schooling

choice.
10See Savelyev (2014) for more details.
11See also Digman (1990) and McCrae et al. (1986) for evidence regarding the comprehensive and rigor-

ous nature of this taxonomy.
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Table 2: Description of Main Variables(a), Background Controls
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Table 3: Description of Big Five Personality Skills(a)
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Personality skills are not directly observed and are therefore modelled as latent fac-

tors. They are proxied by multiple psychological ratings, which are measures of specific

behaviors that are deemed to be manifestations of the latent factors. In this paper, in

line with previous research based on the same data (Friedman et al., 2010, 1995, 1993;

Savelyev, 2014), we use a set of measures that are constructed as an average of par-

ent and teacher ratings of child behavior and measures from early adulthood that are

self-reported.12 We present the list of measures of the five latent factors in Table 4.

These measures are summarized into five groups based on established psychomet-

ric techniques of exploratory and confirmatory factor analysis (see Heckman et al. (2013)

and Savelyev (2014) for descriptions of the EFA and CFA approaches directed at economists,

as well as classical references by Gorsuch (1983) and Bollen (1989)). This paper uses the

childhood measures that were justified by Savelyev (2014) to best represent Conscien-

tiousness, Openness and Extraversion13 and further augments these with early adult per-

sonality skills represented by Agreeableness and Neuroticism to complete the Big Five

system of personality.14 Skills of Conscientiousness, Agreeableness and Neuroticism that

are used in this paper strongly correlate with those used by Martin and Friedman (2000)

based on the same data and are empirically shown to be closely related to their Big Five

counterparts. Martin and Friedman (2000) also establish a strong link between a factor

they call “Sociability” with Big Five Extraversion. Savelyev (2014) argues that the Ex-

traversion factor as defined in this paper is close to Sociability and should therefore also

be related to the Big Five Extraversion. Openness in this paper is theoretically related

to Big Five Openness, but no empirical evidence is available to support this hypothesis

yet. The constructed personality skills are similar in internal consistency reliability15 to

those used by Martin and Friedman (2000).

12As argued in Savelyev (2014), the average of ratings accounts for all available sources of information.
13See Savelyev (2014), Web Appendix, for a detailed analysis.
14Personality measures during childhood were not rich enough to account for Agreeableness and Neu-

roticism, so we use the early adulthood measures as the best available substitutes. EFA and CFA including
Agreeableness and Neuroticism are available from authors upon request.

15Measured by Cronbach’s Alpha (see Web Appendix A to Savelyev (2014)).
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Table 4: Five Personality Factors and Their Measures
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4 Methodology

4.1 Theoretical Framework

In line with Becker’s (2007) approach, this project can be motivated by a generalization

of a model suggested in Savelyev (2014) by explicitly modeling the key health-related

economic choices: education, health-related consumption, and health investments.

Economic theories of demand for health usually do not investigate the role of per-

sonality (e.g., Grossman, 1972; Galama and Kippersluis, 2013). An exception is a recent

paper-in-progress by Hai and Heckman (2014). Both this paper and the paper by Hai

and Heckman take a similar approach of allowing a number of model parameters to de-

pend on multi-dimensional personality (justified based on the literature), but models are

different and have different focus. The model presented here contributes to the literature

by summarizing multiple links between psychological skills and health-related economic

decisions, namely health-related consumption, education, and health investments, thus

linking psychology and economics. The paper by Hai and Heckman investigates the

role of credit constraints and rational addiction among other aims. The main role of

the model in this paper is a theoretical justification of causal links between skills and

health-related outcomes that we estimate. We leave a more detailed analysis including

generalization and calibration of this model to future research.

Consider a two-period model with time-separable utility.16 A young adult makes

decisions about college education, health investment, and consumption over the life

cycle. There are only two periods of life that the young adult has ahead. She survives

to the first period with certainty, but the probability S of surviving to the second period

is below 1. In this simple model, IQ and personality are exogenous variables that can

be influenced by parents, teachers, peers, specific interventions, or other factors of the

environment prior to the education, health investment, and consumption decisions.17

16The model is easily generalizable to more periods, but a two-period model is sufficient to demonstrate
the key features of the relevant economic decisions, which is the purpose of this paper.

17The model can be generalized in line with Becker and Mulligan (1997), who suggested that individuals
may rationally invest in their imagination capital with the aim of reducing the discount on future utilities.
In principle, individuals may likewise invest in their psychological skills, which may directly affect not
only the discount rate but also the productivity of health investment, education cost, and wages. Via more
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Let utility in both periods depend on health-related consumption CH , health-neutral

consumption CN , and health stock H. In addition, due to the possibility of addiction to

the health-related good, utility in the second period also depends on health-related con-

sumption in the first period as in Becker (2007). The second period utility is discounted

with discount factor B, which is assumed to depend on psychological skills Θ, and the

survival function S, which is assumed to depend on health stock in the second period of

life, H2. The lifetime expected utility is given by

u1(C
N
1 , CH

1 , H1) + B(Θ) · S(H2) · u2(C
N
2 , CH

2 , H2, CH
1 ), (1)

where H2 = f (I, D, Θ) + (1 − δ(CH
1 ))H1, in which f is the health production function,

which depends on health investment I, education D, and personality skills Θ. The

dependence on education is in line with the Grossman (1972) hypothesis, suggesting that

education increases the efficiency of health production. The dependence on Θ is in line

with recent evidence from the literature, such as the productive role of Conscientiousness

in treating diseases that require patients to follow complex treatment rules at home

(Almlund et al., 2011). It is also well known that health-related consumption CH
1 affects

how long people stay healthy and so determines health depreciation rate δ. For instance,

smoking tobacco and heavy drinking of alcohol increase the deterioration of health,

while good diet and physical exercise help to keep the health stock high.

Assume perfect capital and annuity markets. Let the cost of educational investment

f depend on the chosen highest education level D, health in the first period H1, and

psychological skills Θ.18 Let earnings depend on health and skills.19 In the second pe-

effective health investment, skills may affect future health, longevity, and utility if alive.
18With education level D, both forgone earnings and the price of education become increasingly higher:

compare costs of attending high school, college, and a professional school. Poor health is an obstacle for
effective study. Among cognitive and personality skills, Cognition, Conscientiousness, and Openness are
expected to lower the cost of education through lower tuition fees (e.g. higher probability of winning a
scholarship), lower psychic costs, and greater time-efficiency in acquiring knowledge. Indeed, we can ex-
pect that Cognition helps to be effective at processing new information, Conscientiousness helps in staying
organized and following rules, and Openness helps in creativity and by sustaining an interest in learning.
We may also expect Extraversion to contribute to costs since studying implies forgone socializing. Neu-
roticism may increase psychic costs and reduce the efficiency in acquiring knowledge. It is unclear from
theoretical considerations whether we should expect any effect of Agreeableness on college education.

19Clearly, greater health leads to greater productivity. Gensowski (2013) suggests that earnings are
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riod let earnings also depend on education level. The individual maximizes the expected

utility (1) subject to budget constraint

CN
1 + pHCH

1 + g(D, H1, Θ) + pI I +
S(H2)

1 + r
(CN

2 + pHCH
2 ) =

A + Y1(H1, Θ) +
S(H2)

1 + r
Y2(D, H2, Θ). (2)

First order conditions (FOC) with respect to CN
1 , CN

2 and CH
2 are standard and are dis-

cussed in the Web Appendix. FOC with respect to health-related consumption, health

investments, and education are more thought-provoking since they allow us to summa-

rize theoretically expected inputs of psychological skills into marginal costs and benefits

of the corresponding economic decisions. In line with the aim of the paper, we empha-

sise the FOC with respect to health-related consumption:

∂u1

∂CH
1

︸︷︷︸

cons. benefit

−B(Θ)S′(H2)δ
′(CH

1 )H1u2
︸ ︷︷ ︸

longevity benefit

−B(Θ)S(H2)
∂u2

∂H2
δ′(CH

1 )H1

︸ ︷︷ ︸

health benefit

+ B(Θ)S(H2)
∂u2

∂CH
1

︸ ︷︷ ︸

addiction benefit

+λ
S(H2)

1 + r

∂Y2

∂H2
δ′(CH

1 )H1

︸ ︷︷ ︸

health productivity

= λ( pH

︸︷︷︸

price

+
S′(H2)δ

′(CH
1 )H1

1 + r
(CN

2 + pHCH
2 − Y2(D, H2, Θ))

︸ ︷︷ ︸

budget deficit

), (3)

where λ = ∂u1/∂CN
1 is the shadow price of wealth. We can see that multiple marginal

costs and marginal benefits contribute to equilibrium health-related consumption.

Generally, health-related consumption is a vector of multiple consumption types.

Some of them, such as heavy drinking, smoking, or taking hard drugs have adverse ef-

fects on health depreciation, while others such as consuming healthy food or using gym

services are beneficial. Consumption that is complementary with family stability (e.g.,

family trips) or with socialization (e.g., club or church memberships) are examples of

both health-related consumption and beneficial addictions. For the ease of presentation

affected by Big Five skills and IQ, a result that we confirm in this paper
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we treat health-related consumption as a composite consumption good that is a benefi-

cial addiction in the sense of Becker’s (2007) definition (∂u2/∂CH
1 > 0), and has positive

effects on health. Considering an adverse composite health-related consumption and

generalizing to the case of multidimensional consumption is straightforward.

As it is clear from equation (3), marginal benefits are produced through enjoying

health-related consumption (“consumption benefit”), higher probability to enjoy life in

the second period (“longevity benefit”), greater expected utility in the second period due

to better health (“health benefit”), greater expected utility in the second period due to

beneficial addictions (“addiction benefit”), and greater earnings in the second period due

to better health (“health productivity”). The marginal cost is the price of health-related

consumption (“price”) and additional spending (or revenues) due to a higher expected

positive (or negative) budget deficit in the second period due to a higher probability of

survival (“budget deficit”). We discuss other FOCs in the Web Appendix.

From this model we can see multiple links between psychological skills, education,

health-related consumption, health investments, health, and longevity. In order to un-

derstand the multiple determinants of health-related consumption, it is productive to an-

alyze major determinants of marginal costs and benefits shown in equation (3). Through

B(Θ), skills affect longevity, health, and addiction marginal benefits. In addition, per-

sonality skills and education directly boost earnings, which increases u1 through the

wealth effect, thus contributing to the longevity benefit on all three margins. Moreover,

complementarities may play a strong role (Becker, 2007). In this model, productive skills

Θ boost D and I, while D and I boost H2, Y2, S and u2, thus further incentivizing health-

ier consumption. Similar complementarities are associated with an exogenous increase

in D.

We therefore can conclude that mechanisms linking Θ, D, and CH are numerous.

While leaving detailed investigation of these mechanisms for future research, we con-

centrate in this paper on understanding a number of basic causal relationships implied

by this model: the effect of education and psychological skills on health-related con-

sumption and other health-related outcomes such as earnings.
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4.2 Statistical Model

We estimate effects for education D, IQ (ΘG), and five latent personality factors (Open-

ness, ΘO; Conscientiousness, ΘC; Extraversion, ΘE; Agreeableness, ΘA; and Neuroti-

cism, ΘN) on each health-related outcome. Unlike in the theoretical model, vector Θ in

this section excludes IQ. The reason for this somewhat inconsistent notation is different

approaches to estimating effects of skills and effects of IQ despite their similar role in

theory. On one hand, IQ is a part of the set of psychological skills and so should be

labeled as (ΘG). On the other hand, given available measures in the Terman data, we

cannot model IQ as a latent skill, but only as an observable variable.20 Additionally, we

want to separate the role of personality skills from the role of IQ, since IQ has become a

traditional control, while personality is relatively new in economics literature.

We first identify all available health-related outcomes in the data, for which we expect

a relationship with longevity based on theoretical considerations and literature results.

We proceed with regression analysis, showing effects of education and latent psycho-

logical skills on various health-related outcomes, and adjust inference to account for

multiple-hypothesis testing. To identify the effect of latent skills on an outcome, we

need to estimate each outcome equation simultaneously with a system of measurement

equations often referred to as a “measurement system.”

4.2.1 Measurement System

The factors i ∈ I = {O, C, E, A, N} enter into a set of measurement equations, one for

each psychological measure Mj, j ∈ J = {1, . . . , J}.21 The factor model is thus defined

20There is only one reliable measure of IQ in the Terman data, which is not enough to identify a factor
model involving the IQ as a latent factor.

21For example, “knowledge,” “originality,” “intelligence,” “prudence,” and so on (see Table 4).
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by the following equations:

M1 = α1 + β1Θ + γ1A + δ1X + η1

...

Mj = αj + βjΘ + γjA + δjX + ηj

...

MJ = αJ + βJΘ + γJ A + δJX + ηJ ,

(4)

where A refers to age in 1922 in order to control for differences in age at which person-

ality was evaluated, and X represents background variables.22 We use standard factor

model identifying assumptions: Θi ⊥⊥ ηj, for all i ∈ I , and all j ∈ J ; ηj ⊥⊥ ηj′ , for all j

and j′ such that j 6= j′. In addition, for all i ∈ I and j ∈ J , E(η j) = 0 and E(Θi) = 0.

Finally, we normalize the variance of each latent factor to one (Var(Θi) = 1, i ∈ I),

and impose a set of exclusion restrictions for each measurement equation (βi
j = 0 for

a number of pairs (j, i)). The variance normalization is a standard technique that al-

lows us to identify the model and interpret factor loadings as the effect of changing the

factor by one standard deviation. The exclusion restrictions are grounded in our EFA

and CFA analysis and are in line with the theory of the Big Five.23 Since human skills

including the Big Five correlate, we relax the assumption of orthogonality among skills:

Θi �⊥⊥ Θi′ for i 6= i′. Identification of this standard factor model is discussed in detail

in many papers including the classic Anderson and Rubin (1956), as well as more recent

Heckman, Pinto, and Savelyev (2013), Heckman et al. (2014), and Williams (2011).

4.2.2 Linear Model for Health-Related Outcomes

We use a linear model to examine the effect of education and personality skills on health-

related outcomes. Let Hk be the kth health-related outcome available in the Terman data,

22Controlling for A does add to the factor model, as discussed in Savelyev (2014), and linear approxi-
mation is adequate.

23See Web Appendix A to Savelyev (2014) for the EFA and CFA based on the Terman data uncovering
exclusion restrictions for the childhood personality skills of Conscientiousness, Extraversion, and Open-
ness. Supplementary EFA-CFA documentation specific to early adulthood personality of Agreeableness
and Neuroticism is available from the authors upon request.
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k ∈ 1, ..., K. We are interested in relationship

Hk = akD + bk
Θ + ck

Θ
G + dkX + εk, (5)

where letters represent: D, the education indicator; Θ, the five personality skills; Θ
G, the

IQ; X , the control variables; and ε, the i.i.d. error term. For each k, we estimate equation

(5) simultaneously with the measurement system (4), allowing us to identify the effect of

latent factor Θ whilst controlling for measurement error in measures, which is explicitly

modelled in (4).

We further estimate two restricted models to understand the explanatory power of

personality skills relative to that of other background controls and human capital mea-

sures traditionally employed by the literature. We estimate a model controlling only for

personality skills:

Hk = bk
pΘ

u + εk
p, (6)

where Θ
u are personality skills defined by a measurement system similar to (4), but

without conditioning on X . In this specification, neither D nor X enters any equation

of the system, and so we explore the explanatory power of personality skills as we

observe them.

We also estimate a model omitting the personality skills:

Hk = ak
rD + ck

r Θ
G + dk

rX + εk
r . (7)

We compare the coefficient of determination (R2) of models (5), (6), and (7) in Section 5

and argue that, at least for the Terman sample, personality alone explains about as much

variation as Education, IQ, and background variables taken together.

4.2.3 Multiple-Hypothesis Testing Problem and the Stepdown Procedure

A major challenge in exploring treatment effects on multiple outcomes is accounting for

false rejections due to the multiplicity of single hypotheses being tested (e.g., Westfall and Young,

1993). As the number of single hypotheses under consideration increases, the probability
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that at least one of them is falsely rejected given that all of them are true, the (family-wise

error rate) quickly increases. While this problem is well-recognized in genetic research,

in which thousands of single hypotheses related to single genes are tested, in economics

literature, this problem is largely neglected despite substantial probabilities of false rejec-

tion. Some researchers dealing with multiple-hypothesis testing provide arguments such

as: “the number of single hypotheses in this study rejected at 5% level greatly exceeds

5%.” While this is a valid argument to support the claim that a majority of rejected hy-

potheses are not rejected falsely, it provides no information on which specific inferences

are to be trusted, creating an uncertainty about the validity of each single result of the

study. Standard joint tests only provide limited help; by rejecting the hypothesis that all

coefficients are jointly zero, all one knows is that at least one unknown effect is non-zero.

The problem with multiple-hypothesis testing in the literature is even worse than

non-adjustment for FWE because of the related problem of selectively reporting statisti-

cally significant outcomes, which is also called “cherry-picking.” The reader is not aware

of the large number of unreported individual hypotheses, which authors consider and

later selectively drop from consideration after finding out that they yield no statistically

significant results.

In order to introduce some formal notation and definitions, consider a family of single

tests. Let the chance of false rejection for every single test be α = P(H1|H0). The problem

is that the chance of at least one false rejection in the family is substantially higher than

α. Define family-wise error rate, FWE= P(Reject at least one Hi| all Hi are true). For

instance, let α be 0.05 for each single test. Then, for a family of four independent tests,

the FWE(4)=1 − (1 − 0.05)4=0.19. Likewise, FWE(7)=0.30; FWE(10)=0.40; FWE(60)=0.95;

FWE(90)=0.99. In words, in a family of four single hypotheses at least one false rejection

is not unlikely. In a family of 7–10 hypotheses such false rejection is likely. Finally, if

there are 60 or more hypotheses, at least one false rejection happens almost for sure.

In line with the above analysis, given the multiplicity of outcomes explored in this

paper, it would be overoptimistic to accept calculated single-hypothesis p-values at their

face value. We need to account for the fact that testing a group of several hypothe-

ses makes false rejection of at least one of them more likely. The question is how to
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select the group of hypotheses. In principle, we could consider a group that contains

all numerous single hypotheses that were ever tested in this paper, but this approach

is overly-conservative, leading to the opposite problem: we risk adjusting inference in

such a conservative way that many truly-rejected hypotheses will be labeled as falsely

rejected.

Fortunately, we can make the procedure less conservative by using a-priori informa-

tion and by asking a more precise question. Following Heckman, Moon, Pinto, Savelyev,

and Yavitz (2010), we account for multiple-hypothesis testing within each group of sin-

gle hypotheses that are clustered a-priori by type. For example, we wish to test whether

education has a statistically significant negative effect on heavy alcohol consumption at

each observed stage of the life cycle. Based on evidence from the literature we have prior

knowledge that education should affect heavy drinking, but we are not sure whether this

effect would persist over the entire life cycle. It is possible that random variation in sam-

ple size from follow-up to follow-up combined with multiple-hypothesis testing may

lead to some false rejections. We therefore group all single hypotheses on the effect of

education on heavy drinking at different years and perform the stepdown adjustment.

For the single tests that survive the stepdown adjustment (so that the effect is still sta-

tistically significant after stepdown correction), we are sure that the result is not a false

rejection due to the multiplicity of heavy-drinking measurements over the life cycle.

Since we are less sure about a-priori knowledge concerning certain other outcomes

such as number of memberships, we supplement stepdown adjustment in groups by

type of outcomes with a more conservative stepdown adjustment on the full set of ag-

gregated health-related outcomes of various types. If a rejected individual test survives

this adjustment, we conclude that the rejection did not occur falsely due to testing mul-

tiple single hypotheses on a set of aggregated health-related outcomes.

Let there be K individual hypotheses in a family. Then, adaptation of the general

stepdown algorithm by Romano and Wolf (2005) to particular needs of this paper leads

to the following procedure:

1. For each individual hypothesis in the family, obtain the true t-statistic and B boot-

strap t-statistics. (Use absolute values of t-statistics since all tests are double-sided.)
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2. Find the maximal t-statistic among K true t-statistics. Do the same for each pseudo-

sample to get a bootstrap distribution of maximal t-statistics.

3. Use the distribution of maximal bootstrap t-statistics to test the hypothesis asso-

ciated with the maximal true t-statistic. The p-value of this test is the stepdown-

adjusted individual hypothesis p-value for that hypothesis.

3. If the test cannot be rejected at the chosen significance level, then stop the proce-

dure and conclude that none of the remaining tests can be rejected either.

4. If the test can be rejected, then record the result and exclude the rejected hypothesis

from the family for further steps. If only one hypothesis is left after the exclusion

then test the hypothesis individually and stop the procedure. If multiple hypothe-

ses are left then repeat the procedure starting from (2).

We discuss stepdown-adjusted results in Section 5.

Advantages of the stepdown procedure are the following. First, it strongly controls

for the FWE. Strong control holds regardless of which subset of hypotheses happen

to be true (any partial null), while weak control holds only if all hypotheses are true

(the complete null) (Westfall and Young, 1993). Second, it tests for adjusted statistical

significance of every single hypothesis, unlike standard joint tests. Finally, it is a more

powerful method than the computationally simpler Bonferroni and Holm-Bonferroni

methods. Gains in power come from accounting for statistical dependencies among

individual test statistics using resampling (Romano and Wolf, 2005).

A big computational advantage of the stepdown procedure is the lack of a need to

resample t-statistics again for the subsequent stages of stepdown. Despite this compu-

tational advantage, calculations for this paper still took us weeks because of the use of

computationally-intensive five-factor models, multiplicity of outcomes modelled sepa-

rately for each gender, and the need to calculate bootstrap distributions of all relevant

statistics.
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4.2.4 Assumptions for Claims of Causality

Similar to Heckman et al. (2006), we assume that conditional on detailed and theoreti-

cally relevant childhood and parental characteristics, the dependence across education

choices and health-related outcomes comes from cognitive and personality skills. The

richness of the Terman data and the comprehensive nature of the personality controls

(as argued in the Big Five theory) give additional credibility to this assumption. The

conditional independence assumption is the key assumption of the matching literature

with the difference that we additionally control for latent ability via factor analysis. We

acknowledge that it is impossible to control for all causes, but we hope that our relevant

and elaborate set of controls makes the bias due to endogeneity of education negligible.

5 Empirical Results

5.1 Longevity and Health-Related Outcomes

We first perform a life-table descriptive analysis on a range of health-related adult out-

comes. This exercise confirms that most of the adult outcomes thought to be important

for predicting longevity are associated with longevity in the Terman sample, at least

for males (see Figure 1 for health behaviors, Figure 2 for health measures, Figure 3 for

lifestyle choices, and Figure 4 for earnings).24 In particular, measures of general health,

mental health, later life earnings, abnormal BMI, and heavy drinking exhibit strong cor-

relations with survival probabilities for males, while the other health-related outcomes

show smaller but still distinct differences in survival probabilities (divorce, group mem-

berships). For females, differences in health behaviors, health measures, and lifestyle

choices generally translate to a much smaller, if any, gradient in longevity as compared

to males.

24We summarize the multi-period observations of heavy drinking, mental difficulty, and general health
into binary indicators which equal 1 when negative outcomes are observed in any point in time of the life
cycle, and 0 otherwise. We also present just a subset of marriage statuses and earnings measures in the
interest of brevity.
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Figure 1: Survival by Health Behaviors and Their Proxies

(a) Heavy Drinking, Males (b) Heavy Drinking, Females
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(c) Physical Activity, Males (d) Physical Activity, Females
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(e) BMI, Males (f) BMI, Females
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Notes: Heavy drinking in this graph is one if the subject has ever reported drinking heavily over the

period of 1940–1960 and zero otherwise. Physical activity indicates whether or not the subject engaged in

physical activity frequently in 1982. BMI indicates whether or not the subject had abnormal BMI in 1940,

where abnormal means underweight or overweight. Overweight refers to subjects who had a BMI above

25. Underweight subjects had a BMI below 18.5, but the role of underweight BMI is negligible. Survival

graphs are based on life-table calculations; standard errors above and below the estimate are represented

by the thinner lines.
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Figure 2: Survival by Health Measures

(a) General Health, Males (b) General Health, Females
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(c) Mental Difficulty, Males (d) Mental Difficulty, Females
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Notes: General health is an index constructed from various self-reported health measures including “en-

ergy level”, “vitality”, and “physical health”. It indicates whether the subject experienced poor or fair

health over the years 1940–1960. Mental difficulty indicates whether or not the subject experienced any

mental difficulty over the years 1950–1960. Survival graphs are based on life-table calculations; standard

errors above and below the estimate are represented by the thinner lines.
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Figure 3: Survival by Lifestyle Choices - Social and Family

(a) Group Membership, Males (b) Group Membership, Females
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(c) Ever Divorced, Males (d) Ever Divorced, Females
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Notes: Lifestyle choices refer to group membership in 1950 and marriage status. ‘High’ membership refers

to subjects having a greater number of organization memberships than the median. ‘Low’ membership

refers to subjects at or below the median number of organization memberships. “Ever divorced” indicates

whether the subject was divorced at least once. Survival graphs are based on life-table calculations;

standard errors above and below are represented by the thinner lines.
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Figure 4: Survival by Age 50 Earnings

(a) Above Median, Males (b) Above Median, Females
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(c) Quintiles, Males
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Notes: “High wage” refers to earnings above the median, “low wage” refers to earnings at or below

the median. For females, the median wage is zero. Survival graphs are based on life-table calculations;

standard errors above and below each estimate are represented by the thinner lines.
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5.2 Personality, Education, and Health-Related Outcomes

We present the summary of our main results for health-related outcomes in Tables 5 and

6. Each cell in the table shows only the regression coefficient and asterisks denoting the

stepdown-adjusted statistical significance level. (More detailed results presenting both

adjusted and unadjusted p-values are in Tables 10–16 of the Appendix.) The p-values

are adjusted for multiple hypothesis testing within blocks of outcomes of the same type,

for example, to all available heavy alcohol drinking-related outcomes across the life cy-

cle, or to all available marriage-related outcomes.25 As argued above, for a number of

skills and outcomes we have prior evidence that we should expect a treatment effect of

this particular type, such as the effect of education on heavy drinking, but we are less

sure about the behavior of this effect over time, which motivates stepdown adjustments

within blocks but not across blocks.26 Coefficients from the same block are marked by

bold frames in Tables 5 and 6. We report both statistically significant coefficients using

standard thresholds (p < 0.01, 0.05, and 0.10), and borderline statistically significant

coefficients (p < 0.15). Coefficients with p-values above 0.15 are not shown since we

can hardly distinguish them from zero, but they are available in Tables 10–16 of the Ap-

pendix. The results are color-coded so that green (or light grey in print) refers to effects

that are considered in the literature to be beneficial for longevity (such as a decrease in

heavy drinking or an increase in physical activity), and red (or dark grey in print) refers

to adverse effects.

One quick way to analyze these summary tables is to look at paterns of green and

red only, and notice that some skills show multiple effects that are beneficial for health,

while some others are of the opposite sort. We discuss these patterns below.

5.2.1 Conscientiousness, Neuroticism, IQ, and Education

Our results show that, for males, Conscientiousness and education act on health-related

outcomes beneficially (look at patterns of green (light grey) associated with them), while

25Physical exercise, BMI, and smoking are exceptions as we know them at only one specific age. We do
not adjust them in Tables 5 and 6, but we do adjust them in a more conservative test described below.

26Our confidence in this prior evidence differs from outcome to outcome. Below we provide a more
conservative test that essentially works across blocks.
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Table 5: Summary of Effects on Health-Related Outcomes, Males
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Notes: Calculations are based on the Terman data. Letters denote: C, Conscientiousness; O, Openness; E,

Extraversion; A, Agreeableness; N, Neuroticism. Coefficients are reported with accompanying statistical

significance represented by stars, where ∗ ∗ ∗, ∗∗, ∗ indicates p < 0.01, 0.05, 0.10 respectively. A coefficient

with no star refers to p < 0.15, while a blank cell refers to a coefficient with p-value above 0.15. p-

values are calculated using bootstrap techniques, and further adjusted using the stepdown procedure in

Romano and Wolf (2005). Coefficients shaded green (light grey in print) and red (dark grey in print)

denote beneficial and adverse implications for health. See Tables 10–16 for a full set of results used for the

summary.
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Table 6: Summary of Effects on Health-Related Outcomes, Females
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Notes: Calculations are based on the Terman data. Letters denote: C, Conscientiousness; O, Openness; E,

Extraversion; A, Agreeableness; N, Neuroticism. Coefficients are reported with accompanying statistical

significance represented by stars, where ∗ ∗ ∗, ∗∗, ∗ indicates p < 0.01, 0.05, 0.10 respectively. A coefficient

with no star refers to p < 0.15, while a blank cell refers to a coefficient with p-value above 0.15. p-

values are calculated using bootstrap techniques, and further adjusted using the stepdown procedure in

Romano and Wolf (2005). Coefficients shaded green (light grey in print) and red (dark grey in print)

denote beneficial and adverse implications for health. See Tables 10–16 for a full set of results used for the

summary.
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Neuroticism is disadvantageous (see Table 5 for patterns of red or dark gray). Both

Conscientiousness and education reduce heavy drinking over the life cycle and protect

against divorce. Education also increases earnings over the life cycle. Childhood Con-

scientiousness also reduces mental difficulty and increases general health at age 50.27

Education enhances physical activity, while Openness and Neuroticism decrease it. Neu-

roticism also has large and statistically significant negative effects on general and mental

health, as well as negative effects on earnings at ages 50 and 60.

IQ of males increases heavy drinking in early adulthood (year 1940), has a borderline

statistically significant negative effect on being overweight, has mixed effects on social

participation, and a borderline statistically significant positive effect on earnings.28

For females, we reject only a few hypotheses, which, coupled with little correlation

between behavior and longevity of females discussed above, is in line with no effect of

education and skills on longevity for females found in Savelyev (2014) based on the same

data.29 We can see that education consistently encourages group membership among

women over the life cycle, improves their general health at least in young adulthood, has

an effect on earnings at age 40, and decreases the likelihood of divorce. Both education

and Neuroticism reduce the incidence of an overweight BMI. In this case, Neuroticism,

an otherwise unproductive trait, has an effect that is potentially good for health. Inter-

estingly, we see no such effect for males. Understanding the psychological and biological

mechanisms behind this unexpected effect as well as the gender difference is beyond the

scope of this paper. To provide one possible explanation, a neurotic woman may worry

more about her appearance, leading to a reduced likelihood of being overweight.

5.2.2 Openness, Agreeableness, and Extraversion

For males, the effects of Extraversion are mixed with regard to potential health-enhancing

effects. Extraversion encourages heavy drinking over the life cycle (probably through in-

27Gensowski (2013) finds the effect of adult Conscientiousness on earnings. While we confirm this result
(not documented in this paper), we find no such effect of childhood Conscientiousness.

28The effect on earnings is in line with Gensowski (2013).
29Effects on potential mediators that are weak and not numerous may lead to so small a causal effect on

longevity that we cannot distinguish it from zero.
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creased participation in social gatherings) but is at the same time beneficial for earnings

and mental health (probably through better communication skills, greater networks, and

emotional support from others).

Agreeableness does not have statistically significant effects on most health-related

outcomes. The exceptions include earnings, where Agreeableness has a large negative

effect for males, and number of organizations in 1950, with a small positive effect. A

possible reason of the negative effect on earnings is that Agreeable people are less likely

to be promoted due to their unwillingness to criticize others and make tough decisions,

which are valuable skills in management. Further, Agreeable persons may be less willing

to change employers and locations for career development (which usually leads to a

wage boost), due to placing a greater importance on the interests of other members of

their family, who may prefer to stay in the current location, and on the interests of their

current employer.

Openness to experiences increases mental difficulty and divorce rates, and has some

negative effect on general health. Thus, even though Openness is productive for creativ-

ity, it comes at some health cost. Note that since IQ correlates with Openness, Openness

results should be interpreted with caution as this sample is selected on high IQ.

Overall, we find no persistent, strong, and precisely determined effects of Open-

ness, Agreeableness, and Extraversion on health-related outcomes for females. Similar

to males, there is some positive effect of Extraversion on heavy drinking, but there is

also some negative effect of Openness on the same outcome. Agreeableness has some

negative effect on heavy drinking and some negative effect on general health in young

adulthood, with both effects being borderline statistically significant.

5.3 Mid-life and Lifetime Outcomes

Step-down adjustment within groups by age was justified by an a-priori expectation that

for many groups we expect the effect for at least some ages. However, our confidence

in this a-priori knowledge differs from outcome to outcome; so, in addition to our main

approach described above, we provide a more conservative approach, in which we adjust
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single hypotheses in a family of tests involving outcomes of different type, thus allowing

for the chance that some of them could be rejected only due to multiplicity of different

health-related outcomes. We use two alternative groups of outcomes: (1) outcomes

aggregated over the life cycle whenever information for such aggregation is available;

(2) outcomes in year 1960, around age 50, or as close to 1960 as possible given available

outcomes (see Tables 7 and 8).30 We can see that most key results discussed above

survive even this conservative adjustment.

Interpretation of results of this more conservative approach should be done with cau-

tion, taking into account all available prior information. For instance, while in panel (B)

of Table 7 the effect of Conscientiousness on heavy drinking is statistically significant at

5% level, in panel (A) of the same figure p is below 0.15, a borderline statistically signif-

icant result. We argue that despite the result in panel (A), false rejection for this specific

outcome is unlikely. First, we have multiple sources of strong prior evidence showing

the negative effect (see Bogg and Roberts (2004) for a survey). Second, there are several

plausible causal mechanisms behind the effect.31 Third, we use a conservative two-sided

p-value, despite the strong prior evidence of a negative effect leading to unadjusted p-

values that are twice as large as one-sided ones. In other specific cases, such as the loss

of a statistically significant negative effect of Openness on physical activity, it is better

to adopt the conservative approach and not reject the hypothesis given that prior em-

pirical evidence based on different data in favour of rejecting the hypothesis is absent.

Mechanisms behind such possible effects are unclear, and there is no reason to use a less

conservative one-sided test in this case. As before, we see few statistically significant

results for females (see Figure 8).

30Using the latest outcome available whenever possible, such as 1960 chosen from the period 1940–60,
should increase the power of estimates on health stock such as general and mental health due to longer
period of effect accumulation.

31Mechanisms are easy to understand by revisiting the theoretical model, especially the FOC with re-
spect to health-related consumption such as heavy drinking (see Equation [3]). Conscientiousness is
expected to increase the discount factor B, thus affecting longevity and morbidity marginal benefits, and
the marginal cost of addiction. Additionally, as discussed above, Conscientiousness makes heath invest-
ments more efficient, thus contributing to health production and income effect. Greater health in the
second part of life contributes to addiction, health, and health productivity marginal benefits, as well as
to the marginal cost related to budget deficit. Income effect due to higher wage and more efficient health
production contributes to utility in the second period, thus increasing the longevity marginal benefit. As
discussed, complementarities additionally strengthen the causal effect.
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Table 7: Lifetime and 1960 Outcomes and Proxies, Males
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Notes: Calculations are based on the Terman data. Letters denote: C, Conscientiousness; O, Openness; E, Extraversion; A, Agreeableness; N,

Neuroticism. Coefficients are reported with accompanying statistical significance represented by stars, where ∗ ∗ ∗, ∗∗, ∗ indicates p < 0.01, 0.05, 0.10

respectively. A coefficient with no star refers to p < 0.15, while a blank cell refers to a coefficient with p-value above 0.15. p-values are calculated

using bootstrap techniques, and further adjusted using the stepdown procedure in Romano and Wolf (2005). Coefficients shaded green (light grey

in print) and red (dark grey in print) denote beneficial and adverse implications for health.
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Table 8: Lifetime and 1960 Outcomes and Proxies, Females
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using bootstrap techniques, and further adjusted using the stepdown procedure in Romano and Wolf (2005). Coefficients shaded green (light grey

in print) and red (dark grey in print) denote beneficial and adverse implications for health.
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5.4 Personality vs. Traditional Controls

The importance of personality skills is comparable to the combined role of education,

IQ, and detailed background controls for many of our health-related outcomes. Figure 5

presents the R2 statistic for three models: the full model, the model with only personal-

ity skills, and the model omitting personality skills.32 The results suggest that omitting

personality skills leads to a dramatic reduction in R2 for all health-related outcomes,

particularly mental health. This strong result establishes personality skills as an impor-

tant aspect of human capital that should receive more attention from economists. We

acknowledge that in a more heterogeneous sample traditional controls are expected to

explain more variance, especially due to variation in IQ.

6 Discussion

We contribute to the existing research by jointly estimating the effects of education and

five personality skills conditional on education, as well as by accounting for multiple-

hypothesis testing, which is uncommon in the literature. This is an improvement over

a treatment of personality as a low-dimensional object often reduced to just a single-

dimensional variable, and it adds interpretability and refinement to the role of person-

ality as a determinant of health-related outcomes. The unique Terman data allows us to

establish links between childhood measures of psychological skills and multiple health-

related outcomes over the life cycle. Our paper thus provides new evidence for education

and personality skills as major determinants of health-related outcomes, and also raises

awareness for a wider set of health-related outcomes than commonly considered.

Education and Health Our paper uses a methodology that serves as an alternative

to natural experiments in order to provide evidence that education has causal effects

on heavy drinking, earnings, divorce, and physical activity. Results are in line with

a number of effects documented in the literature: effects on reducing heavy drinking

32The sum of the R2 statistic across model 2 and model 3 may fail to coincide exactly with the R2 statistic
of model 1 due to correlations between personality skills and traditional economic controls.
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(Conti and Hansman, 2013; Crum et al., 1993; Droomers et al., 1999), increasing earn-

ings (Card, 1999), lowering divorce rates (Stevenson and Wolfers, 2007), and encourag-

ing physical activity (Conti and Hansman, 2013; Conti et al., 2010b). Results are also in

line with the theory presented in Section 4.1, which suggests multiple channels through

which greater education leads to healthier consumption and superior health. Indeed, if

we raise college education exogenously, we expect to see an increase in S(H2)
33 and Y2

(see Table 16), therefore increasing the marginal benefits of health-related consumption

through longevity, morbidity, addiction, and health productivity.34 It is beyond the scope

of this paper to break down precisely the relative importance of the various channels.

Personality and Health Many of the effects of Conscientiousness and Neuroticism on

health-related outcomes that we estimate are large and statistically significant. Estimated

coefficients reflect a substantial percentage of sample means for most outcomes, and a

few of the less-precisely estimated coefficients are still sizeable.

Our results therefore confirm the positive effects of Conscientiousness on health,

while for Neuroticism we add to a growing body of evidence that it is a major deter-

minant of health-related outcomes (Lahey, 2009). Our results are also consistent with

the literature with regard to the effect of personality skills (see Bogg and Roberts (2004);

Droomers et al. (1999); Friedman (2000); Friedman et al. (1993); Lahey (2009)). For exam-

ple, the negative effects of Agreeableness on earnings and the positive effects of Extraver-

sion on drinking alcohol are widely recognized patterns (Cookson, 1994; Flory et al.,

2002; Heineck and Anger, 2010; Judge and Livingston, 2011; Mueller and Plug, 2006).

We confirm these patterns conditional on a substantial set of controls, IQ, and other

personality skills, which makes causal interpretation of the estimated effects more plau-

sible under conditional independence assumption.

Our results also have a number of implications for our theoretical model. First,

the estimates with regard to mental and general health can be viewed as estimates of

∂H2
∂Θ

from our economic model. We find that Conscientiousness and Extraversion af-

fect health stock positively while Openness and Neuroticism have negative effects. Sec-

33See, e.g., Buckles et al. (2013) and Savelyev (2014).
34The sign of the effect on the marginal budget deficit is not clear.
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ond, similar to the case of education discussed above, our findings suggest that skills

change the marginal effects of health-related consumption through at least five margins

(“longevity,” “health,” “addiction,” “health productivity,” and “budget deficit”). The

effects of skills on earnings that we find speak directly to the “budget deficit” channel,

and indirectly to the longevity benefit through the wealth effect on utility, in addition to

complementarity channels such as complementarity between wealth and education.

Data Limitations and External Validity The results in this paper are based on a his-

torical sample with exceptional IQ. We have access to early measures of psychological

skills and high-quality life-cycle data at the expense of dealing with both an unusual

and deceased cohort. We follow Savelyev (2014) in our approach to external validity and

data limitations.

Effects of education may differ with the level of IQ, and so it is useful to know such

effects in the limiting case of very high IQ. Another benefit of selection on high IQ is that

it reduces the potential of IQ to confound the effects of education on health: all subjects

in the sample were smart enough to finish college.

We do not claim applicability of results to the general population, but results may

be applicable to people who are smart, although not necessarily as smart as the Terman

subjects. Indeed, if health choices are not specific to extraordinarily high IQs, we can

expect similar results to hold for less-exceptional populations.

Application to more recent cohorts presents another challenge. Social norms toward

many of these health behaviors have changed dramatically over time, which may affect

the magnitude of the effects. Another big factor is the amount of available information on

how these health behaviors affect health and longevity discussed in detail in Savelyev

(2014). We can now do more good to our health through the informed choices we

make. To the extent that Conscientiousness and education act as skills that motivate us

to inform ourselves and adopt new technologies, this could potentially increase their

importance in determining health-related outcomes compared to results based on the

Terman sample.
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Implications for Mental Health To the extent that we can generalize our results to a

modern population and to a wider population, our findings may be of interest to policy

makers. Our findings with regard to mental health are of interest given the growing

awareness of mental well-being as a key component of health. Neuroticism in both gen-

ders plays the largest role in determining later life mental health, while for males Consci-

entiousness, Openness, and Extraversion are also important. In this regard, our results

suggest that childhood personality skills can act as a direct and early life mechanism

for improving mental health and, through mental health, all other essential outcomes

mediated by mental health.

Stepdown Adjustment In all of our analyses, we employ the stepdown procedure sug-

gested by Romano and Wolf (2005). This adjustment decreases the number of rejected

single hypotheses. We show an example of the difference that the stepdown procedure

makes in Table 9, where items shaded in blue (light grey in print) refer to results that

would have been statistically significant without the stepdown adjustment over the set of

life-cycle outcomes but do not survive the adjustment. The survival rate of unadjusted

statistically significant estimates after the stepdown adjustment was about 40% and 60%

for males and females respectively. While most of the effects that did not survive the

adjustment may look like sensible results, we stress the importance of conservative infer-

ence based on stepdown-adjusted p-values when analyzing multiple single hypotheses.

Single hypotheses that did not survive the adjustment are suspects for false rejection and

should be interpreted with caution.
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Table 9: Lifetime Outcomes and Proxies, Stepdown Comparison
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Notes: Calculations are based on the Terman data. Letters denote: C, Conscientiousness; O, Openness; E, Extraversion; A, Agreeableness; N,

Neuroticism. Coefficients are reported with accompanying statistical significance represented by stars, where ∗ ∗ ∗, ∗∗, ∗ indicates p < 0.01, 0.05, 0.10

respectively. A coefficient with no star refers to p < 0.15, while a blank cell refers to a coefficient with p-value above 0.15. p-values are calculated

using bootstrap techniques and are unadjusted. Coefficients shaded in blue (light grey in print) did not survive the stepdown adjustment whereas

coefficients shaded in lilac (dark grey in print) survived.
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7 Conclusions

The importance of personality skills in the analysis of health is gaining recognition

among economists. We contribute to this emerging literature by investigating the role

of the Big Five personality skills on health-related outcomes based on unique life-cycle

prospective data with personality and IQ measured early in life and find that their effects

are substantial. For males, we find that Conscientiousness benefits the health-related out-

comes explored in this paper on a statistically significant level. We report the negative

effects of Openness, Agreeableness and Neuroticism on health, and the mixed effects

of Extraversion. For females, fewer results can be distinguished from zero, as expected

based on related longevity research (Savelyev, 2014).

We also find that education has a statistically significant effect on several important

health-related outcomes including alcohol consumption and earnings. This adds new

evidence from the Terman data to the literature regarding the causal effect of education

on health. We also find that the role of personality skills in explaining health outcomes

is comparable to that of education, IQ, and background controls combined, at least for

a sample of high-IQ people.35 Under assumptions of the statistical model, our estimates

of the effect of education choice and psychological skills on health-related outcomes can

be interpreted as causal effects.

The findings with regard to personality skills open up a new dimension for economists

to consider. If childhood personality skills are malleable, and socially-acceptable inter-

ventions are possible (through better schooling and parenting, for example), then we can

improve health outcomes by specifically encouraging Conscientiousness and Emotional

Stability (the inverse of Neuroticism). The estimated effects of Openness, Agreeableness,

and Extraversion on health-health related outcomes suggest that we are less sure about

these skills as potentially valuable policy targets because of mixed or small effects.

35IQ is expected to be more predictive for general population.
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the Economics of Education, Volume 4, pp. 1–181. Amsterdam: Elsevier.

Anderson, T. W. and H. Rubin (1956). Statistical inference in factor analysis. In J. Ney-
man (Ed.), Proceedings of the Third Berkeley Symposium on Mathematical Statistics and
Probability, 5, pp. 111–150. Berkeley: University of California Press.

Becker, G. S. (2007, July). Health as human capital: synthesis and extensions. Oxford
Economic Papers 59(3), 379–410.

Becker, G. S. and C. B. Mulligan (1997, August). The endogenous determination of time
preference. Quarterly Journal of Economics 112(3), 729–758.

Bogg, T. and B. W. Roberts (2004, November). Conscientiousness and health-related
behaviors: A meta-analysis of the leading behavioral contributors to mortality. Psycho-
logical Bulletin 130(6), 887–919.

Bollen, K. A. (1989). Structural Equations with Latent Variables. New York: Wiley.

Borghans, L., B. H. H. Golsteyn, J. J. Heckman, and J. E. Humphries (2011). IQ, achieve-
ment, and personality. Unpublished manuscript, University of Maastricht and Univer-
sity of Chicago (revised from the 2009 version).

Buckles, K., A. Hagemann, O. Malamud, M. S. Morrill, and A. K. Wozniak (2013, July).
The effect of college education on health. NBER Working Paper NO. 19222.

Burks, B. S., D. W. Jensen, L. M. Terman, A. M. Leahy, H. Marshall, and M. H. Oden
(1930). Genetic Studies of Genius: The Promise of Youth: Follow-Up Studies of a Thousand
Gifted Children, Volume 3. Stanford University, CA: Stanford University Press.

Card, D. (1999). The causal effect of education on earnings. In O. Ashenfelter and
D. Card (Eds.), Handbook of Labor Economics, Volume 5, pp. 1801–1863. New York:
North-Holland.

Clark, D. and H. Royer (2013). The effect of education on adult mortality and health:
Evidence from Britain. American Economic Review 103(6), 2087–2120.

Conti, G. and C. Hansman (2013). Personality and the education-health gradient: A note
on “Understanding differences in health behaviors by education”. Journal of Health
Economics 32, 480–485.

42
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Figure 6: Survey Questions for Heavy Drinking

Notes: Taken from Terman (1986). Ratings 3 and 4 were considered to be indicative of heavy drinking.

Figure 7: Survey Questions for Mental Health

Source: Taken from Terman (1986).
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Table 10: Heavy Drinking

���� ������ ��	
����
� ��������

����	
���
�	�����	����
������� ���� ������ ��	
����
� ��������

����	
���
�	�����	����
�������

������������������� ����
��������
������ 
��� �
���  
��!" 
#$� 
!!# 
%$& �
���  
��%" ���� ����
����$&�'�$#� ���(������� �
�)%  
��!" ���� ���� 
�%�  
���" 
�#) 
%#�

����*��������
� 
��&  
��&" ���� ���� 
�#�  
��&" ���� ����
���+,����-������ �
��)  
��&" 
&)� 
�$) �
�&�  
��)" 
��% 
��!
���.���
������ 
���  
��%" 
&�% 
&�% 
�%#  
��%" 
��! 
�&!
����
,����
� 
�%%  
���" 
��# 
�&# 
��&  
���" 
�%& 
&��
���/��0��
�1��	�,����
���-
�� �
��$  
�%$" 
#�) 
#�) �
��$  
�&#" ���� ����
���2
��� ���� ���� ���� ����

�������������� ����
��������
������ 
��� 
���  
���" 
!�� 
!�� 
�#) �
�&#  
���" ���� ���	
����$&� ���(������� �
�&�  
���" 
��� 
��� 
��!  
��&" 
)�! 
$�#

����*��������
� 
��!  
��!" 
#)! 
#)! 
�&&  
��&" ��
� 
��)
���+,����-������ �
�&�  
��$" ���� ��
� �
�&!  
���" ���� 
�)�
���.���
������ 
���  
��)" 
�%$ 
%%� 
�%%  
���" 
�%� 
���
����
,����
� 
��$  
��#" ��	� 
��� 
��)  
���" ���� ����
���/��0��
�1��	�,����
���-
�� �
�&�  
�%�" 
�)� 
&�# �
�!#  
�&#" ���� 
��!
���2
��� ���
 ��	� ���� ����

�������������� ����
��������
������ 
�%! �
��$  
��&" 
��% 
!$� 
��! �
���  
��)" 
��! 
��!
����$�� ���(������� 
��!  
��&" 
��$ 
��$ 
��%  
��$" 
!$% 
!$%

����*��������
� 
��&  
���" 
��# 
%�� 
�&�  
��#" ���� ����
���+,����-������ �
��#  
���" ��		 
�!� �
�%�  
��)" ���� 
�)�
���.���
������ 
��!  
���" ��	
 
�&& 
�%$  
��)" ���� ���

����
,����
� 
��%  
���" 
��# 
%�� 
��$  
���" 
��& 
��&
���/��0��
�1��	�,����
���-
�� �
��&  
���" 
�&� 
)&# �
�$�  
�%&" ���� ����
���2
��� 
�)# 
�)# ���� ����

������������� ����
��������
������ 
�#) �
���  
��)" 
#�$ 
$�$ 
%&) �
�)�  
��#" ���� ����
����$#� ���(������� �
�#�  
��!" ���� ���� 
��#  
��!" ���� 
�&)

����*��������
� 
�&$  
��&" ���� 
��$ 
�&&  
��#" ���� ����
���+,����-������ 
��%  
��%" 
��% 
��% �
���  
��$" 
&)� 
&)�
���.���
������ 
��!  
��%" 
�#� 
%!% 
��&  
���" 
%�) 
%�)
����
,����
� 
��$  
���" 
%�! 
%�! 
�%�  
��&" 
��� 
&%�
���/��0��
�1��	�,����
���-
�� �
�%#  
�&�" 
%)% 
##% �
�))  
���" 
�%! 
�%!
���2
��� ���� ���� ���
 ���


3������ 4����

Notes: Calculations are based on the Terman data. Statistically significant p-values at the 10% level are bolded. p-values are calculated using

bootstrap techniques, and further adjusted using the stepdown procedure in Romano and Wolf (2005).
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Table 11: Mental Health
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Notes: Calculations are based on the Terman data. Statistically significant p-values at the 10% level are bolded. p-values are calculated using

bootstrap techniques, and further adjusted using the stepdown procedure in Romano and Wolf (2005).
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Table 12: General Health
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Notes: Calculations are based on the Terman data. Statistically significant p-values at the 10% level are bolded. p-values are calculated using

bootstrap techniques, and further adjusted using the stepdown procedure in Romano and Wolf (2005).
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Table 13: Physical Activity and BMI
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Notes: Calculations are based on the Terman data. Statistically significant p-values at the 10% level are bolded. p-values are calculated using

bootstrap techniques, and further adjusted using the stepdown procedure in Romano and Wolf (2005).
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Table 14: Group Membership

���� ������ ��	
����
� ��������

����	
���
�	�����	����
������� ���� ������ ��	
����
� ��������

����	
���
�	�����	����
�������

��������������
� ����
��������
������ 
��� 
���  
�!"# 
!�$ 
$!� 
�$� 
���  
�!$# 
�%� 
�%�
����!�&�'!�%� ����������� 
���  
�!�# 
��" 
��" 
��&  
�!&# 
�$� 
��&

���()��������
� 
��&  
���# 
��* 
*!! 
���  
�!�# ���� 
$&�
���������+������ 
��$  
��$# 
��! 
�"* 
���  
�!*# 
*$& 
"�"
���,���
������ 
��$  
�!�# 
"*� 
"*� �
�!!  
�!$# 
$�� 
%�!
����
�����
� 
��%  
�!$# 
*"! 
*"! �
�!�  
�!!# ���� ����
���-��.��
�/��	������
���+
�� 
�%%  
�$$# ���� ���� 
�"&  
���# 
!�� 
��$
���0
��� 
&�� 
&�� ���� ����

1�
������������
������!�&� ����
��������
������ �
*�% 
!%�  
!!*# 
!*% 
��$ �
&$* 
�"%  
���# 
$&� 
�"%
����������� �
!$"  
!�&# 
�&& 
*�% �
!��  
!��# 
�"! 
��!
���()��������
� 
!$�  
!!!# 
�$$ 
&�� 
��$  
�"*# 
$�� 
%!�
���������+������ 
�*%  
��%# 
**� 
�!% 
�$&  
��*# 
��" 
��"
���,���
������ 
!�!  
�"*# 
�$" 
%�& �
���  
��"# 
$** 
�$�
����
�����
� �
��$  
�"*# 
��" 
&*" �
!�*  
��"# 
!!! 
!!!
���-��.��
�/��	������
���+
�� 
�"�  
!�*# ���� ���� 
�&*  
!*&# ���� ���	
���0
��� ���	 ���
 
!!& 
!!&

1�
������������
������!�*� ����
��������
������ !
*%* 
!"%  
��"# ���� 
!�" �
�!& 
���  
!��# 
��� !
���
����������� 
�&%  
!�&# 
��� 
�!� �
�$&  
!$�# 
�%* 
�%*
���()��������
� 
!%�  
!�&# ���� 
$$$ �
��!  
!$�# 
��$ 
��$
���������+������ 
���  
!!�# 
�*" 
�*" 
�*"  
!!&# ��	� ����
���,���
������ �
!�&  
���# 
�&& 
*$* �
��"  
!��# 
��% 
��%
����
�����
� �
!��  
���# 
!&$ 
$*� 
�!�  
!�&# ���� ����
���-��.��
�/��	������
���+
�� 
"��  
!*$# ���� ���� !
!��  
!�"# 
�!� 
�!�
���0
��� ���� ���� ���� ����

1�
������������
������!�%� ����
��������
������ �
*%� 
���  
!*&# 
%�% 
%�% $
&�$ �
�$$  
!&�# 
"!� 
��$
����������� 
�&"  
!%�# 
!!� 
$�& 
!&�  
!%&# 
$�$ 
�&!
���()��������
� �
!$�  
!*�# 
$&% 
$&% �
!"�  
!&�# 
��$ 
*�*
���������+������ �
!$*  
!��# 
$"$ 
"�� 
�**  
!&&# ���� 
!��
���,���
������ 
!�*  
!$�# 
&*& 
%"* �
�!&  
!��# ���� 
�*�
����
�����
� �
$*�  
!�"# ���� ���� 
$��  
!�!# ���� ����
���-��.��
�/��	������
���+
�� !
�!$  
�*%# ���� ���� !
*�!  
�&&# ���� ��
	
���0
��� ���� ���� ���� ����

2������ 3����

Notes: Calculations are based on the Terman data. Statistically significant p-values at the 10% level are bolded. p-values are calculated using

bootstrap techniques, and further adjusted using the stepdown procedure in Romano and Wolf (2005).
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Table 15: Marriage Status
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Notes: Calculations are based on the Terman data. Statistically significant p-values at the 10% level are bolded. p-values are calculated using

bootstrap techniques, and further adjusted using the stepdown procedure in Romano and Wolf (2005).
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Table 16: Life-cycle Earnings
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Notes: Calculations are based on the Terman data. Statistically significant p-values at the 10% level are bolded. p-values are calculated using

bootstrap techniques, and further adjusted using the stepdown procedure in Romano and Wolf (2005). Earnings measures are net of tuition paid

for schooling and taxes, in 2010 US dollars.
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