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Abstract: We present direct evidence that children who are unwilling to wait for a
larger reward and instead prefer a small one earlier (i.e. they have a higher discount rate)
are less likely to graduate from high school. Using an incentivized experiment to measure the
discount rates of 878 children, we find large effects on human capital accumulation – a one
standard deviation increase in the discount rate decreases the probability of graduating from
high school by four percentage points. Importantly, the impact of a child’s discount rate is
distinct from behavioural problems (e.g. disciplinary referrals), academic achievement, risk
attitudes, demographics and household environment. Consistent with the existence of nonpecuniary costs to finishing high school, impatient children with poor academic achievement
are significantly less likely to graduate than impatient children with high achievement.
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Introduction

Roughly one in five high school students nationwide do not graduate on time, and the
dropout rate is higher for boys and black and hispanic students (NCES, 2014). Not completing high school has a large effect on earnings – dropouts can expect to earn $10,000
less per year than a high school graduate and $36,000 less than a college graduate (U.S.
Census).1 Obtaining a GED (general equivalency degree) in lieu of a high school diploma
does not necessarily obviate the decrease in earnings. Conditional on cognitive ability, individuals with a GED earn less than dropouts (Heckman and Rubinstein, 2001). In addition
to higher earnings, schooling has positive effects on other outcomes as well. Students who
experience an extra year of compulsory education are less likely to report being in poor
health, unemployed, and unhappy (Oreopoulos, 2007).
Given this evidence, it is puzzling that a significant proportion of the population does
not finish high school (Heckman and LaFontaine, 2010; Murnane, 2013). Several authors
have suggested that this might be due to the presence of non-pecuniary costs to schooling
and large differences in discount rates (Heckman, Lochner, and Todd, 2003; Lang and Ruud,
1986; Murnane, 2013; Oreopoulos, 2007), and Eckstein and Wolpin (1999) present evidence
consistent with this hypothesis.2 An individual’s discount rate represents the willingness
to trade off smaller, early rewards (e.g. spending time playing with friends) for larger,
later rewards (e.g. passing classes and graduating from high school). Higher discount rates
indicate an individual is less willing to wait. We note that ex-ante it is impossible to know
whether human capital accumulation or unobserved non-pecuniary costs to human capital
accumulation explain high school graduation. As we show in the theory section, they have
similar predictions. Our study demonstrates that experimental methods might alleviate
this identification problem by measuring preferences directly.3
While an individual’s discount rate is theoretically related to schooling investment decisions and the existing empirical literature strongly hints at this, the supportive evidence
is indirect. For instance, a child’s discount rate has been linked to future disciplinary
referrals (Alan and Ertac, forthcoming; Castillo, Ferraro, Jordan, and Petrie, 2011) and
misbehaviour in school (Sutter, Kocher, Glaetzle-Ruetzler, and Trautmann, 2013), and disciplinary referrals have been shown to predict high school graduation (Alexander, Entwisle,
1

Recent research on the effects of compulsory education (Oreopoulos, 2006, 2007) shows large positive
effects on income of acquiring one extra year of schooling, with increases of 10 to 14 percent. Indeed, the
returns to high school graduation might even be larger than previously thought once some of the assumptions
in the estimated wage equation are relaxed (Heckman, Lochner, and Todd, 2003).
2
Using data from the Panel Study of Income Dynamics (PSID), these authors estimate a structural model
showing that children who drop out of high school have lower abilities, lower expectations of the returns to
education and higher returns to working while attending high school.
3
We also discuss the potential effect of risk preferences on behaviour. The effect of risk attitudes on
behaviour is more difficult to sign. While risk aversion deters human capital accumulation, it might also
have a positive effect if it prevents a child from getting into trouble in the short-run. Its impact is therefore
indeterminate.
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and Horsey, 1997; Rumberger, 1995). In this paper, we provide evidence of a direct link
between higher discount rates and a lower probability of graduating from high school. We
collect an incentivized experimental measure of the discount rate from children in 8th grade
and test whether it predicts on-time high school graduation five years later.4
To measure the discount rate, children are asked to make choices between receiving a
fixed amount of money in 1-month and a larger amount of money in 7-months. Choices
are incentivized with monetary payment, and the front-end delay design we use has several
advantages for measuring a child’s discount rate. First, by delaying all payments into the
future, we eliminate potential confounds due to mistrust that non-immediate payments
will be made. Second, the procedure is incentive-compatible and expected to reveal true
underlying preferences under standard assumptions. Third, individual discount rates can
be measured even if the individual has quasi-hyperbolic preferences or exhibits impulsivity.5
These design advantages address several of the methodological issues that have been shown
to influence the measurement of time preferences in adults (Andreoni and Sprenger, 2012)
and are likely to be issues with children as well.
Prior studies have shown a relationship between present-biasedness and/or impulsivity
and labour market outcomes (Cadena and Keys, 2015; DellaVigna and Paserman, 2005;
Mischel, Shoda, and Rodriguez, 1989).6 Our findings provide support for a relationship
between an experimental measure of an individual’s discount rate and the willingness to
invest in human capital. Uncovering an independent effect of the discount rate is important
because it hints at the significance of both perceived returns to education and non-pecuniary
costs to human capital accumulation. Discount rates and short-term behavioural problems
are conceptually different and could have independent effects. Interventions aimed at improving self-control may have little effect on children who put a low value on future returns
to education.
We have two main results. First, higher individual discount rates are correlated with a
lower probability of graduating from high school in four years. The estimated difference in
graduation rates between the most impatient and most patient child is at least 8 percentage
points. This holds controlling for the child’s age, sex, race, behavioural problems (e.g.
disciplinary referrals), academic achievement and whether the child is eligible for free or
reduced price meals (a proxy for income) or is in a special or gifted education program.
Second, consistent with the existence of heterogeneous non-pecuniary costs to studying, a
higher discount rate is particularly costly for those children with low academic achievement.
4
The experimental measure we use is theoretically motivated (Harrison, Lau, and Williams, 2002) and
empirically validated (Castillo, Ferraro, Jordan, and Petrie, 2011; Sutter, Kocher, Glaetzle-Ruetzler, and
Trautmann, 2013).
5
To keep the experiment simple, we did not present the children with tasks that would have allowed us to
measure quasi-hyperbolic preferences. Individuals with quasi-hyperbolic preferences behave as exponential
discounters when comparing streams of consumption occurring strictly in the future. The front-end delay
design we use identifies a discount rate separately from a present-biasedness parameter.
6
Golsteyn, Gronqvist, and Lindahl (2014) look at the effects of impatience on labour market outcomes.
The impatience measure does not distinguish between between present-biasedness and discounting.
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Impatient children who are not performing well academically are less likely to graduate high
school than equivalently impatient, but high-performing, children. Our findings highlight
the importance of academic achievement in middle school on future graduation rates (see
also Murnane (2013)) and the heterogeneous effect of discount rates on behaviour.7 How
well a child has performed in primary and middle school is likely to be related not only to
cognitive ability but also to underlying preferences (see also Almlund, Duckworth, Heckman,
and Kautz (2011)).
Several robustness checks on the relationship between discount rates and high school
graduation confirm our main results. We continue to find a strong relationship when we relax
the assumptions that the discount rate is observed precisely and that the relationship with
high school graduation is linear. Checks include not treating the discount rate as an interval
variable and accounting for risk attitudes. Regarding the latter, it is known (e.g. Andersen,
Harrison, Lau, and Rutstrom (2008)) that discount rates can be mismeasured if agents are
not risk neutral. We supplement our analysis with additional data on risk preferences from a
subsample of the children who participated in our time preference experiment to test if risk
attitudes might explain our results. Once we account for risk attitudes in the estimations,
the negative effect of a higher discount rate on high school graduation remains large and
significant.
Many factors may drive the correlation we find between discount rates and high school
graduation. We explore this further by collecting survey data from parents on barriers to
high school graduation in a subsample of households. We find that low parental expectations
of a child’s ability to graduate from high school, having a sibling that dropped out of high
school, frequent relocation of residence, living in a credit constrained household and having a
previously-incarcerated family member are strongly correlated with the failure to graduate
from high school. These variables, however, are not correlated with a child’s individual
discount rate. This provides support that our main findings are not due to an omitted
variable problem. We also confirm that disciplinary referrals are correlated with a child’s
self-reported impulsive behaviour. By accounting for these behavioural problems in our
main analysis, we show that a child’s discount rate has a separate effect on high school
graduation.
Our study adds to the few longitudinal studies on the economic preferences of children
and introduces an experimental measure of the discount rate to predict future field behaviour. Mischel et al. (1989) show that a child’s ability to delay immediate consumption
at age four predicts social and cognitive competency during adolescence as well as the ability to deal with stress and frustration (see also Mischel, Shoda, and Peake (1988); Shoda,
Mischel, and Peake (1990)). The children in our experiments were asked to choose between
7

Several studies suggest that heterogeneity in preferences is an important determinant of labour market
outcomes (Barsky, Juster, Kimball, and Shapiro, 1997; Bonin, Dohmen, Falk, Huffman, and Sunde, 2007;
Burks, Carpenter, Goette, and Rustichini, 2009; Chabris, Laibson, Morris, Schuldt, and Taubinsky, 2008;
Kimball, Sahm, and Shapiro, 2008; Meier and Sprenger, 2010).
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quantities that were in the future, so we do not have an experimental measure of impulsecontrol or present-biasedness. The supporting survey evidence we have, however, suggests
that a child’s discount rate is separate from present-biasedness.
Additional studies have obtained measures of self-control and economic preferences early
in life to examine outcomes as adults. Moffitt, Arseneault, Belsky, Dickson, Hancox, Harrington, Houts, Poulton, Roberts, Ross, Sears, Thomson, and Caspi (2011) use panel data
from 1,000 New Zealanders to show that self-control during the first decade of life correlates
with better health outcomes, more wealth and lower participation in crime.8 Golsteyn et al.
(2014) correlate delayed consumption choices made as a teenager in a large panel in Sweden
with educational attainment, income level and health outcomes.9
We combine our theoretically-grounded measure of the discount rate of a child with supplemental data on academic achievement, behavioural problems, demographics and household environment to estimate the direct effect of the discount rate on high school graduation.
Our findings provide evidence that patience is indeed linked to educational success and complement recent research on educational interventions that show promising evidence of early
interventions on developing non-cognitive skills (Alan, Boneva, and Ertac, 2015; Gertler,
Heckman, Pinto, Zanolini, Vermeersch, Walker, Chang, and Grantham-Zmcgregor, 2013;
Heckman, Pinto, and Savelyev, 2013; Heckman, Stixrud, and Urzua, 2006).
The paper is organized as follows. Section 2 presents a simple model of the decision
to complete high school. Section 3 describes the study setting, and experimental design.
Section 4 describes the data used in the analysis. Section 5 presents the main results and
robustness checks. Section 6 concludes.

2

A Simple Model

In this section we present a simple model of the decision to finish high school. It is an
extension of Oreopoulos (2007) in which we consider the possibility that children engage
in risky activities that might affect their future wages. The model and its predictions will
help guide our understanding of some of the empirical results presented in the paper.
A child must choose between finishing high school (S = 1) or not (S = 0) and between
behaving (B = 1) or not (B = 0). The lifetime utility over T periods is:
8
Self-control is measured by a composite index of self-reports and reports by parents and teachers on
observed behaviour and thus reflects a mix of preferences and constraints faced by the child. Impatient
children might differ in the opportunity cost of their time and/or on the strategies they use during interactions
with other children and adults.
9
Decisions were made over a hypothetical amount of money to be received immediately and a larger
amount of money to be received in 5 years. Most (incentivized) experiments measuring time preferences
have delays of 0-7 months. This is typically done for practical reasons and provides a shorter time frame for
future payment. One exception is Harrison et al. (2002) who elicit responses from adults over time periods
as long as 3 years.
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t=T
X
V (S) = u(c0 ) − φ(S, B) +
(1 + d)−t u(ct )

(1)

t=1

The term u(c0 ) − φ(S, B) accounts for the utility of consumption in period 0 and a
non-pecuniary cost associated with choice S and B. Both studying and behaving are costly.
That is, φ(1, B) > φ(0, B), B = 0, 1 and φ(S, 1) > φ(S, 0), S = 0, 1.10 For a discount rate, d,
the last term of the equation represents the geometrically discounted utility of consumption
for time separable preferences over consumption. In our study, we measure parameter d
with economic experiments. The curvature of the utility function u captures the child’s risk
attitudes.
The corresponding intertemporal budget constraint for an interest rate r is the following,
where yt (S, 1) is the income level at education level S and behaviour B = 1:
t=T
t=T
X
X
−t
(1 + r) ct =
(1 + r)−t yt (S, 1)
t=0

(2)

t=0

If instead behaviour is B = 0, the intertemporal budget constraint depends on the
realization of a random variable ω ∈ {ω, ω} with P r(ω = ω) = p.
t=T
X

t=T
X
(1 + r) ct =
(1 + r)−t yt (S, 0) + 1[ω = ω]π − 1[ω = ω]η
−t

t=0

(3)

t=0

In equation (3), π (π > 0) is a one-time payoff to be received in period 0 if ω = ω and
η (η > 0) is a one-time loss to be incurred in period 0 if ω = ω. These terms represent
the short-term appeal of misbehaviour and are analogous to the non-pecuniary cost of
education and good behaviour. In this set-up we allow for income streams to be affected by
both education levels and behaviour during school years. That is, we explicitly model the
possibility that the market rewards behavioural traits. We also consider the possibility that
(mis)behaviour might produce random outcomes in the short run. We will have that the
willingness of a child to behave (B = 1) will depend on the alternative streams of possible
payoffs and his risk attitudes.
Given that our simple model only allows for two educational outcomes (finishing high
school or not) and two behaviour outcomes (behave or not), we assume that φ(0, 0) = 0.
We also assume that the realization of random variable ω occurs prior to the realization of
income but after the decisions to study and behave have been made. That is, the decision
to behave is irreversible.
The first order conditions associated with the intertemporal problem outlined above
produce the conditions which determine whether a child finishes high school or not. Specifically, a child will not finish high school conditional on behaving (B = 1) when the following
10
These costs could be affected by the child’s innate ability as well. We do not explicitly model this
possibility here.
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expression holds:

t=T

[y0 (0, 1) − y0 (1, 1)] +

(1 + d)t φ(1, 1) − φ(0, 1) X
−
(1 + r)−t [yt (1, 1) − yt (0, 1)] > 0
u0 (ct )
(1 + r)t
t=1

(4)

The first term of equation (4) accounts for the additional income that could be obtained
by not completing high school.11 This would imply that, for the type of jobs available to
teenagers, [y0 (0) − y0 (1)] might be negatively correlated with a child’s ability to succeed
at school. The second term captures the effect of non-pecuniary costs to studying on the
decision to not finish high school. The term shows that, conditional on the non-pecuniary
cost of school, more impatient children (higher d’s) are more likely to drop out. The last
term is the present value of the income that a child would obtain if he finished high school.
If wages are increasing in the cognitive and non-cognitive abilities of the child, conditional
on the level of education and market interest rates, this term would depend also on measures
of these abilities.
The necessary condition for the decision to drop out of school conditional on not behaving (B = 0) is slightly more complicated due to the effect of random streams of income. A
child will not finish high school if the following holds:

[y0 (0, 0) − y0 (1, 0)] +

(1 + d)t
φ(1, 0)
t (1 − p)u0 (c ) + pu0 (c )
(1 + r)
t
t
t=T

+

(1 − p)u0 (ct )π − pu0 (ct )η X
(1 + r)−t [yt (1, 0) − yt (0, 0)] > 0 (5)
−
(1 − p)u0 (ct ) + pu0 (ct )
t=1

The first term of equation (5) accounts for the certain short term additional income
due to not completing high school. The second term accounts for the non-pecuniary cost
to studying. In this term, the marginal utility of consumption is replaced by the expected
marginal utility of consumption. When ω = ω consumption equals ct and when ω = ω
consumption equals ct . Again, more impatient children are more likely to not finish high
school. The third term accounts for random outcomes in the first period. Since when
ω = ω there is an income gain (π) and when ω = ω there is an income loss (η), we have
that ∀t : ct ≥ ct . This is due to the fact that consumption decisions are made after ω is
realized and π (η) has a positive (negative) income effect. This implies that the third term
will be decreasing in the child’s level of risk aversion.12
In other words, the third term says that a relatively more risk averse child should both be
less likely to misbehave, but conditional on misbehaving be less likely to drop out of school.
11

Indeed, empirical evidence suggests that this differential income is larger for those that do drop out
relative to those who remain in school (Eckstein and Wolpin (1999)).
0
(ct )
12
The term uu0 (c
is less than 1 and decreasing in risk aversion.
)
t
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Note that we would normally expect risk aversion to have a negative effect on graduation if
the payoffs associated with having a high school diploma are more variable in the future. In
this model, we consider the possibility that risk aversion deters misbehaviour if misbehaviour
has attractive, but risky, payoffs contemporaneous with human capital accumulation. This
is a plausible consideration. A result frequently discussed in the economics literature on
crime (e.g. Freeman (1999)) is that risk aversion can help to reduce crime. The last term
in equation (5) is the present value of the income that a child would obtain if he finished
high school but misbehaved (B = 0).
In sum, the simple model shows that a higher discount rate is correlated with a higher
likelihood of not graduating from high school. It also shows that the effect of risk attitudes
on the decision to dropout of high school depends on the short and long-run returns to
misbehaving. With the existence of immediate rewards to behaving now, a risk-averse
individual will be more likely to behave and more likely to finish high school. We will
present empirical evidence consistent with these predictions.
Note that the model presented above can be modified to make the connection between
graduation and misbehaviour more direct – income streams depend on both the decision to
finish high school and behaviour during high school. For instance, by making η depend on
P
−t
the education level chosen, S, then η(1) = t=T
t=0 (1 + r) (yt (1, 0) − yt (0, 0)) and η(0) = η,
then the model illustrates the possibility that misbehaviour carries the risk of losing the
benefits of completing high school. The assumption that risky behaviour produces only
short-term uncertainty is included to demonstrate that risk aversion can have a direct and
positive impact on graduation. A negative relationship between risk aversion and human
capital accumulation is expected if the returns to education are uncertain and also because
risk aversion mimics discounting (e.g Andersen et al. (2008)). As noted by (Oreopoulos,
2007), a model with uncertainty and no short-term rewards to misbehaviour will predict
that relatively more impatient and more risk averse children will be less likely to graduate.
The model we present here brings insights from the economic theory of crime (Freeman,
1999) to better understand observed patterns in the data.
The model also makes clear that the existence of non-pecuniary costs to human capital
accumulation resemble those of preferences. Children could either be more impatient or they
may face higher non-pecuniary costs (e.g Eckstein and Wolpin (1999)). This identification
problem can be resolved by collecting data on preferences (see also Murnane (2013)).

3

Study setting and design

The setting for our study is a suburban/rural county school district in Georgia.13 The
district is typical of suburban/rural school districts in the U.S. in that income and education
levels are lower compared to urban areas. For example, 2011 per capita income in the district
13

The study site is the same as in Castillo, Ferraro, Jordan, and Petrie (2011).
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was $28,305 ($36,979 in Georgia). According to the Georgia Department of Education, 69.2
percent of students in the district graduated in four years as of 2015.14 Our experiment
was conducted in 8th grades classes at all four public middle schools in the district, and
our sample represents 82% of the entire student population. The students in our sample
come from a broad range of socio-economic backgrounds (sample statistics are presented in
Table 1). At the time of the experiment, 96% of our participants were 13 or 14 years old
(mean=13.80, SD=0.56). In Georgia, students can make the decision to drop out of high
school at the age of 16. Thus, we experimentally measure discount rates in the period prior
to when this important decision could be made.

3.1

Experimental design

We measure time preferences by eliciting discount rates with the front-end delay design
used by Harrison, Lau, and Williams (2002). Instead of allowing an option of payment
immediately after the experiment, both payments are delayed. This design mitigates the
potential for confounding trust and patience in the experiment and makes the transaction
costs of receiving payment across options the same. In our experiment, participants are
asked, orally and in writing, to make twenty decisions in total. For each decision, participants must choose whether they would prefer $49 in one month or $49+$X in seven months.
The amount of money, $X, is strictly positive, increases over the twenty decisions and is
chosen such that the implied discount rate for choosing $49+$X over $49 increases at a
constant rate of 7.35%. Table 2 shows the decisions that participants are asked to make.15
For example, in the first decision, a participant is asked if she would prefer $49 one month
from now or $50.83 seven months from now. In the ninth decision, a participant is asked
if she would prefer $49 in one month or $67.61 in seven months. Participants are asked to
make one choice for each of the twenty decisions on the decision sheet. Based on discussions
with teachers and students at other schools, we determined that the range of $50 to $99
would be considered by adolescents to be “large” payoffs, but not so large as to potentially
cause problems with their parents. In addition, the time frame for decisions, one month and
seven months, was chosen to reflect the longer-run decisions children might face, such as
finishing high school, but also be within the school year so that payment would be received
prior to moving on to high school the following year.
If participants have access to financial opportunities and behave in a way consistent
with consumption smoothing, our experimental protocol may only reveal the interest rates
available to participants.16 Our discussions with teachers at the study site and with similar
14

See
http://www.gadoe.org/External-Affairs-and-Policy/communications/
Pages/PressReleaseDetails.aspx.
15
Participants did not see the last column indicating the implied annual interest rate.
16
Under the conditions of access to credit markets and consumption smoothing, Cubitt and Read (2007)
suggest that economic experiments using money incentives to measure discount rates are unlikely to reveal
the true discount rate of the participants.

8

aged students at other schools assure us that the children in our study do not face these type
of financial opportunities. Also, empirical evidence suggests that consumption smoothing is
imperfect (Johnson, Parker, and Souleles, 2006; Parker, Souleles, Johnson, and McClelland,
2013). It is unlikely that middle school students smooth consumption, especially in the
case of a small transfer (see Halevy (2014) for a thoughtful argument along these lines).
Experiments with low, but meaningful, stakes such as ours are on good footing to reveal a
measure of an individual’s discount rate.
Economic theories of discounting predict that an individual faced with the decisions
in Table 2 would either choose (a) $49 for all decisions, (b) the higher payment for all
decisions, or (c) $49 for a number of decisions starting with Decision 1 and then switch to
the higher payment for the remaining decisions. In other words, if an individual chose to
receive $Y in seven months rather than $49 in one month, then the individual will prefer
any amount $Z > $Y in seven months rather than $49 in one month. The point at which
an individual switches to the higher, but later, payment indicates the range in which an
individual’s discount rate lies. We chose the later payments so that the range is always a
fixed width. This design feature will be used in our data analysis to test the robustness of
our main results to the construction of the discount rate measure.
Following Harrison, Lau, and Williams (2002), we call the participants who make choices
consistent with the patterns of (a)-(c) to be “consistent” decision-makers. However, in experiments using decision sheets like the one in Table 2, some participants are “inconsistent”
decision-makers: they choose $Y in seven months rather than $49 in one month, but then
choose $49 in one month rather than $Z > $Y in seven months. Harrison, Lau, and
Williams (2002) and Meier and Sprenger (2010) found that 4% and 11%, respectively, of
their adult participants were inconsistent in their choices. Bettinger and Slonim (2007),
whose participants were between 5 and 16 years old, found that 34% of their sample were
inconsistent. The proportion of inconsistent decision-makers in our sample (31%) is closer
to that of Bettinger and Slonim (2007).
In the data analysis, we have various ways in which we construct the discount rate
measure for inconsistent participants. This is discussed in detail in the Data section. We
test the robustness of these measures and control for whether or not the participant is
inconsistent in our regression analysis. All discount rate measures produce similar results,
and being inconsistent is never found to be significant.

3.2

Experimental implementation

In each session, participants are assigned a unique identification code. This code is private,
and participants do not know the identification codes of other participants. Participants
make their decisions by circling one amount, either $49 or $49+$X, on their decision sheet
for each of the twenty decisions. After completing their decisions, each participant puts her
decision sheet in an envelope and the envelopes are collected.
9

One decision out of the twenty decisions is randomly chosen for payment by taking
20 index cards with the numbers 1-20 written on them, shuffling them in front of the
participants, presenting them “face down,” and asking a participant to choose one card.
The number on the card is the decision number to be paid for each of the three participants
in each session who are chosen to receive payment. So, for example, if decision 15 is chosen
for payment and one of the winning participants circled $83.03, the participant would receive
$83.03 in seven months. If another winning participant circled $49, that participant would
receive $49 in one month.
After determining the decision to be paid, all the envelopes are shuffled in front of the
participants, and three envelopes per session are chosen for payment. The identification
codes of those chosen to receive payment are written on the blackboard. Because identification codes are kept private by each participant, no one knows which participants have
been chosen to receive payment. Those who are chosen to receive payment are paid with a
Walmart gift card by the school principal on the specific date for the decision chosen. We
chose to pay with a Walmart gift card for two reasons. It minimizes potential problems
associated with giving children cash and it can be transformed into many goods that children desire, so it very similar to cash. We chose to have the school administration store
and distribute the cards to assure the children that they would be paid in the future. In all
schools, the principal is regarded as a permanent fixture and interacts regularly with the
children. On or within a week of the payment date, the participants go privately to the
principal’s office to pick up their gift cards. If a child moves out of the district before the
time of payment, the child is found and given the gift card. Names and payments are kept
private. Participants know all of these procedures before making their decisions.
All experiments were conducted by the authors, and 878 8th grade students participated
(ages 13 to 15). One hundred and twenty children were paid an average of $62.88 (std dev
= $18.04), with a total payout of $7,546.17. One month after the experiment, 66 children
received gift cards of $49. Seven months after the experiment, 54 children received gift
cards ranging from $52.71 to $98.02. All children who were randomly chosen to be paid did
receive payment. The experiments were conducted in three rounds of data collection and
encompass all four middle schools in the school district. The first round was on September
19, 2006. The second was on August 31, 2007, and the third was on August 26, 2008.

4

Data

In this section, we discuss and define the discount rate measure, our outcome measure for
high school graduation and additional data used as controls in the analysis.
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4.1

Discount rate measure

As noted earlier, most children were consistent in their decisions, and if they switched to
the later payment, they did so only once and stayed there. Some 31% were inconsistent
and switched more than once.17 For consistent children, we use their unique switch point
to determine the discount rate.
For inconsistent children, we use four different approaches to determine the discount
rate: (1) the first switch point, (2) the last switch, (3) the average of all the discount
rates that minimize the number of switches, and (4) a nonparametric approach to find the
unique switch point that minimizes the cost to move a child’s choices so that they are then
consistent. This last measure is constructed by calculating the monetary loss in payoffs
to change decisions to all possible consistent choice patterns and choosing the one that
minimizes the loss.18
The discount rate value assigned to the child is the midpoint of the 7.35 range associated
with the unique switch. So, for example, if a child switches to the later payment at the 11th
decision, the discount rate is 77.18 (midpoint of [73.50, 80.85]). Using the midpoint of the
range, rather than the lower or upper end, avoids values of zero or infinity. For those who
chose all late or all early payments, we assign them a value of 3.68 and 143.32 respectively.
In our design, discount rates fall in 20 equally spaced 7.35 percentage points ranges, and
this reduces the possibility that they artificially accumulate at one particular value. It is
known that using mid-points when an independent variable is an interval can produce biased
results (Hsiao, 1983; Manski and Tamer, 2002), so we show in the Robustness section that
the results are similar or stronger if we treat discount rates as interval data.19
The discount rate measure is constant for consistent children, and the inconsistent children have four measures. In our analysis, we test the robustness of our four approaches
to measuring discount rates on high school graduation and find similar results. Our main
results include all children whose cost to make the discount rate consistent is in the lower
95 percentile. Results using the data from all children are similar but less precise in some
specifications.20
Our discount rate measure is based on decisions made almost five full years prior to the
final date for an on-time high school graduation. Decisions made in the experiment could
be correlated with the determinants of high school graduation if, for instance, those who are
likely to dropout because of family issues perceive the future as more uncertain and act more
17

5.58% of participants switched two times, 4.56% switched three times, and 20.62% switched four or more
times.
18
This is the same procedure as was used in Castillo et al (2011). It calculates the absolute distance
between the actual amount chosen and the amount that a consistent person would have chosen. It then
assigns the discount rate corresponding to the consistent pattern that minimizes this distance.
19
Table A6 in the Appendix shows these results. We estimate the effect of each possible discount rate
range using dummy variables and test for the their joint significance. The results remain significant and the
relationship between discount rates and high school graduation is similar to that obtained using midpoints
and a linear relationship.
20
Table A3 in the Appendix shows these results.
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impatiently in the experiment (Halevy, 2008; Saito, 2011).21 While we did not collect data
in the experiment on this possibility, we do address this in the analysis by including controls
for differences in background that are contemporaneous to the experiment and are likely
to be correlated with the probability of a timely graduation (e.g. family wealth, family
structure). Our results are robust, and this gives us confidence that the significant and
negative relationship we uncover between a child’s discount rate and high school graduation
is not spurious.

4.2

Background data

We collected data from the school district on demographics of the children (e.g. sex, race,
age), test scores in 7th and 8th grade (e.g. reading, math, social studies and science),
whether or not the child was eligible for free and reduced meals and whether the child
was in a special education or gifted program. To keep the experiment short and reduce
the burden on the children, teachers and school administration, we did not administer
additional surveys or tests, so we do not have measures of IQ or personality traits. Our
measure of academic achievement is constructed by extracting a common factor from the
7th grade standardized test scores in reading, math, social studies and science. There is
only one common factor underlying these variables.22 We test for the robustness of our
results if we instead replace the common factor by the four test scores separately and find
similar results.
To obtain measures of housing valuations and home ownership, we matched the children’s addresses with the district’s tax records. Information on household characteristics
was obtained from a phone survey with parents on a subsample of 303 households. The
survey collected background information on educational attainment of the parents, family
structure, credit and borrowing history, whether or not the household faced relocation or
criminal problems, parents’ expectations on whether or not the child would graduate high
school and failure of siblings to complete high school.23 Perceptions of school and its value
to the child were collected with a survey given to a subsample of 134 children. Finally,
children in the 2008 cohort of the experimental study answered a short questionnaire with
questions regarding educational status of the parents and family structure. Information
from these three surveys and the census track data are used to construct controls for the
regression analysis.
21

We note that our experimental design mitigates payment uncertainty, and all participants chosen to be
paid did receive their Walmart gift card in one or seven months.
22
If the 7th grade score is missing, we replace it with the score in the 8th grade. The scores are rescaled
to reflect a change in the scoring of the test between 2006 and 2007. Figure A1 in the Appendix shows Horn
(1965)’s parallel factor analysis. The Cronbach alpha scale reliability coefficient of the test scores is 0.7993.
23
The sample of eligible households for the survey was 630. Of these, 303 responded to the survey, 117
refused to respond and 210 could not be reached for various reasons.
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4.3

High school graduation and attrition

The current definition for an on-time graduation by the state of Georgia (see www.gadoe.gov)
is completing all requirements for high school in four years, and this is commonly used in
the education literature (Murnane, 2013). Data on high school graduation status was provided by the school district administration, however, there is no information for about 30
percent of the children who participated in the experiment. These children transferred to
other schools outside the district or dropped out of the system.24 So, we cannot determine
with certainty if they finished high school in four years or not.
Table 3 provides evidence of the differences between children for whom we have graduation outcomes and those for whom graduation outcomes are missing. This table illustrates
that children who attrited from the sample are different and display signs that they may
have difficulty graduating from high school. For example, children with missing graduation
outcomes have more disciplinary referrals in 7th grade, have lower academic achievement
in 8th grade, are more likely to receive free and reduced price meals, are more likely to be
in special education, have accumulated fewer credits two years after the experiment, have
parents with lower levels of education and live in a household that is less likely to respond
to requests to complete a survey. These results are confirmed with a Probit regression of the
probability that a child’s graduation outcome is observed on a variety of covariates (Table
A1 in the Appendix).
Our approach to handling this missing information is to correct for attrition by reweighting observations according to the inverse of the probability of the outcome being observed
(Wooldridge, 2010). We use the data on the children for whom we observe graduation status
and then reweight the observations based on the estimates in Table A1. Our main findings
are robust to an alternative approach of imputing these missing data. This alternative is
discussed in Section 5.4.

5

Results

5.1

Discount rates

The distributions of the four discount rate measures we construct (average switch, first
switch, last switch, min cost) are shown in Figure 1. There is a large amount of heterogeneity, and the discount rates span the full range of possible values. The pairwise correlations
across the measures are significant and strong and range from 0.82 to 0.96.25 Roughly 16%
24

Of the children who participated in the experiment, 58.0% are confirmed to have graduated in four years,
9.8% are confirmed to have “dropped out“ (e.g. due to being expelled, lack of attendance, still enrolled in
high school, incarcerated, low grades/school failure), and the remaining 32.2% have an uncertain graduation
status.
25
The pairwise correlation between average switch and first switch is 0.9646, last switch is 0.9627, and
min cost is 0.9215. The correlation between first and last switch is 0.8587 and min cost is 0.8197. The
correlation between last switch and min cost is 0.9597.
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of children have discount rates less than 20%, and 36% of children have discount rates in
excess of 100%.26

5.2

High school graduation

We assess the relationship between high school graduation and a child’s discount rate using
Probit regression analysis. The regression specification includes covariates to control for the
child’s academic achievement, past behavioural problems, demographic characteristics of the
child, household environment and parental background. Attrition in the dependent variable
(high school graduation status is unknown) is accounted for by using inverse probability
weighting based on the regression reported in Table A1.
Table 4 reports the marginal effects of the probability of graduating high school on one
of the discount rate measures (average switch, first switch, last switch or min cost) and covariates. All specifications show significant effects of the discount rate, disciplinary referrals
in 7th grade, higher academic achievement in 8th grade, age, sex, race, and eligibility for
free or reduced price meals on high school graduation.27 A 100 percentage point increase in
the discount rate decreases the probability of graduating from high school between 7.9 to
9.1 percent depending on the specification of the model. These effects are similar to those of
being male (about 8 percent). Given that historically about 28 percent of the children in the
study district do not graduate high school on time and the marginal effects of the discount
rate are between 8-9 percentage points, this implies that discount rates could explain up to
one-third of the graduation gap.
Our main result is that more impatient children are less likely to graduate from high
school, even controlling for demographics, past behavioural problems, household characteristics and academic achievement. This is robust to several ways of measuring the discount
rate. Given that our measure of time preferences is constructed to be separate from presentbiasedness and our results are robust to the inclusion of behavioural measures, these findings
suggests that discount rates have an independent effect on human capital accumulation.

5.3

High school graduation accounting for risk preferences

The results thus far have established an independent effect of impatience on high school
graduation under the assumption of risk neutral preferences. If instead children are risk
averse, and this is not accounted for in the analysis, we could overestimate the effect of the
discount rate on graduation.
We have two approaches to address this. First, we run the specifications reported in
Table 4 under various assumptions of curvature of the utilty function. Second, we have a
subsample of our children for whom we have an experimental measure of risk preferences.
26
27

This excludes the 5 percent of children that have no discernible pattern of behaviour.
Table A2 shows similar results from the same specifications with a linear probability model.
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We combine data from these two samples to assess the robustness of our results to accounting
for risk attitudes.
5.3.1

Curvature of the utility function

If risk aversion is not taken into account when measuring the discount rate, what might
appear as impatience is really an unaccounted for aversion to risk (Andersen et al., 2008),
and the effect of the discount rate would then be overestimated. Controlling for curvature
of the utility function should lower the estimated discount rate. In turn, given this lower
discount rate, the magnitude of the effect of the discount rate on graduating from high
school should increase if the discount rate continues to have a similar effect on graduation
outcomes once utility curvature is accounted for. The children in our study only made
decisions over delayed consumption, however, as a calibration exercise, we can adjust the
discount rate for different levels of risk aversion for a specific utility function to see how this
affects the probability of finishing high school. To do this, we re-estimate the specifications
from Table 4 under the assumption that all children share the same utility function.
High school graduation results controlling for curvature of the utility function
Table 5 reports the results of this approach. These are estimates of the probability of graduating from high school on the discount rate, academic achievement, disciplinary referrals
and other covariates under the assumption of a constant relative risk aversion (CRRA) utility function. There are five panels that show the coefficient estimates on the four different
discount rate measures as the coefficient of relative risk aversion increases from σ = 0.45
to 0.85. We include σ = 0.65 as this is the estimated coefficient of risk aversion from the
Andersen, Harrison, Lau, and Rutstrom (2014) paper and serves as a good benchmark.
The results confirm that children with a higher discount rate are significantly less likely
to finish high school, even assuming curvature of the utility function. We note that as
the coefficient of risk aversion increases, the magnitude of the effect of the discount rate
also increases and remains significant. This suggests a continued independent effect of
impatience on high school graduation even for risk-averse children. Under the assumption
of a homogeneous utility function, introducing risk aversion is similar to a rescaling of the
discount rate. Table 5 shows the implicit standard deviation and range of the corrected
discount factors. The implied marginal effects are comparable to those reported in Table 4.
This exercise shows that for risk aversion to explain our results, it would have to be the
case that risk preferences and time preferences are correlated. For instance, this is possible
if impatience and risk aversion are positively correlated and risk aversion discourages investment in human capital. The next section provides estimates that allow for a correlation
between risk attitudes and discount rates and shows that children with higher discount
rates are less likely to finish high school. These results can be explained by the fact that
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in our sample risk aversion is positively correlated with human capital accumulation.28 As
discussed in the theory section, such outcomes are possible if risk aversion makes the short
term benefits of misbehaviour less appealing.29
5.3.2

Experimental measure of risk preferences

Another approach to address the relevance of risk attitudes on the measurement and impact of discount rates is to collect additional experimental data as in Andersen, Harrison,
Lau, and Rutstrom (2008) or to use alternative elicitation mechanisms as in Andreoni and
Sprenger (2012). We did not collect such experimental data for the children in our sample.
However, in a subsequent data collection effort in the last year we collected time preference
data, we did measure risk attitudes for a large sample of children in the same school district
(n=580). Some of the children for whom we have discount rate measures were also included
in the risk attitudes study. That is, we have experimental choice data on time preferences
and on risk attitudes for a subsample of our discount rate data (n=211).30 We leverage this
subsample and the larger risk attitudes sample to assess the importance of both time and
risk preferences on high school graduation.
Risk experiment and estimation approach

In the risk experiment, participants were

presented with two lotteries and were asked to choose one. One lottery in the pair is safer
(S) and the other is riskier (R). The safer lottery has a lower variance in payoff. Participants
made five decisions over different pairs of lotteries, and the pairs are listed in Table 6. The
first decision is between the safer lottery (S) of $30 for sure and the riskier lottery (R)
of $40 with a 20% chance, $30 with a 75% chance and $0 with a 5% chance. The second
decision is between a safer lottery of $30 with 25% chance and $0 with 75% chance or a
riskier lottery of $40 with 20% chance and $0 with 80% chance.
Each decision was shown on a separate page, and the lotteries were presented as the
payoff the participant would get if one ball drawn from a bingo cage with 20 numbered
balls had a particular number. For example, a 25% chance for a payoff of $30 was shown as
the payoff the child would get if the ball that came out of the bingo cage had the number
1, 2, 3, 4, or 5. The instructions included steps to ensure the participants understood how
the bingo cage worked, how the balls were linked to payoffs and the decision between the
two lotteries. General experimental and payment procedures were similar to those used for
28
Evidence of heterogeneity of preferences and a positive correlation between risk aversion and impatience
is provided by Alan, Browing, and Erjneas (forthcoming).
29
Using a large sample from recently collected data, Castillo, Jordan, and Petrie (forthcoming) provide
evidence that risk aversion is correlated with fewer disciplinary referrals.
30
The small overlap in data collection efforts is because, at the time we collected the data on time
preferences (in 2006-2008), the issue of a potential confound between time and risk preferences was not
prevelant in the literature (e.g. the Andersen, Harrison, Lau, and Rutstrom (2008) paper examining time
preferences controlling for risk preferences was published at the tail end of our data collection). In 2006,
when we started collecting data, we did not think to collect both time and risk preference measures from
the same child. The risk data used in this paper were collected in October 2008.
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the time preference experiment. One lottery was chosen at random for payment, and three
children in each session were chosen to be paid. Payments were made with Walmart gift
cards, and the children received payment within two days following the experiment.31
For this set of lotteries, expected utility theory predicts that a decision maker should
choose all S or all R. The proportion of S choices can provide a measure of risk attitudes.
For the estimation, we use dummy variables dn which equal 1 if the child chose n safe
decisions and 0 otherwise. This provides some flexibility in finding effects of risk attitudes
on high school graduation. Some children have both time and risk decisions, and some have
only one of them. In estimations, we will assign a value of zero to missing decisions and
add dummy variables to account for the fact that some of the data is missing.
High school graduation results accounting for risk preferences Table 7 presents
regression results accounting for risk attitudes. Column 1 presents the estimates on the
subsample of children for whom we only have risk attitudes measures. We observe that
children choosing safe in more decisions are more likely to graduate from high school.
Columns 2-5 presents the results for the sample of children participating in either the risk
or time preference experiments. The effect of the discount rate on graduating high school
is similar to the estimates in Table 4, and the estimated parameters for risk attitudes do
not change much. This suggests that the association between the discount rate and high
school graduation is not due to risk preferences. Importantly, we note that risk aversion is
positively, rather than negatively, correlated with high school graduation. This is contrary
to what we would expect if risk aversion blunts the long-term returns from education. Our
results are consistent with the theory that risk aversion could have a short-term effect by
preventing some children from getting into trouble. Evidence that risk aversion predicts
fewer disciplinary referrals up to two years after the experiment is provided in Castillo et al.
(2011).
In sum, the results from this section confirm that the relevance of discount rates on
human capital accumulation in children is strong and robust to accounting for risk attitudes.

5.4

Robustness checks and potential mechanisms

We present several robustness checks on our main results.
First, we examine how changes in the treatment of consistent choices affect the main
results reported in Table 4. Table A3 reproduces the results in Table 4 without excluding
the five percent of children with the highest distance to rational preferences. These data
are comprised mainly of children who switched back and forth across each row of the
time preference experiment. The results are similar to those in Table 4 and are consistent
31

A detailed description of the experimental data collection procedures is provided in Castillo, Jordan,
and Petrie (forthcoming). Data used in Castillo et al. (forthcoming) is from 2008 and 2011-2012. The risk
preference instruments used in 2008 and 2011-2012 differ.
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with attenuation due to measurement error. Table A4 reports results for the subsample of
children who made consistent choices in the time preference experiment (roughly two-thirds
of the original sample). We find similar and larger results to those in Table 4. This suggests
again that measurement error is important and might lead to an underestimation of the
effect of discount rates on graduation. Column 3 of Table A4 reports estimates excluding
those children who always chose patiently or impatiently. These results are in the same
direction but smaller and less precisely estimated.
Second, we examine how changes in the treatment of missing graduation status data
affects the main results reported in Table 4. Building on Eckstein and Wolpin (1999)’s
approach to studying the dynamics of educational attainment through credits earned in each
year of high school, we construct an outcome variable that equals one if the child finished or
was on track to finish high school in four years at the date of the last administrative record
for the child. It is coded as zero otherwise. We use data on the cumulative number of credits
earned to determine whether the child is on track because this shows progress towards an
on-time graduation and these data are available for all children even if graduation status is
not.32 Perhaps not surprisingly, the estimates using imputed data are in the same direction
as those in Table 4 but smaller and less precisely estimated.
Third, we explore how sensitive our main results are to the assignment of a discount rate
number based on choices, rather than a range. Our experimental design, even under the
assumption of risk neutrality and monotonicity, can only identify a range for the discount
rate, and our main results use the mid-point of the range. This procedure, replacing interval
covariates with mid-points, can lead to inconsistent estimates (Hsiao, 1983; Manski and
Tamer, 2002). Table A6 presents estimates where a dummy variable for each one of the
possible ranges of the discount rates are included.33 The table presents the F-test associated
with the hypothesis that these dummy variables are jointly significant. In all specifications,
the dummies are jointly significant. This check shows that our estimates in Table 4 are
robust to appropriate treatment of interval data.
Fourth, we provide evidence that the results are robust to alternative estimation strategies. Table A8 in the Appendix shows estimates that do not correct for attrition. The
estimation is performed in the sub-sample of children with complete data. Graduation is
over-represented in this sample. Table A8 shows that ignoring attrition produces smaller
and less precisely estimated coefficients. This is consistent with the hypothesis that children struggling with school are more likely to relocate and be difficult to find. Table A9 in
the Appendix presents estimates using multiple imputation methods to complete missing
32

Our on-track proxy and the actual graduation status of the subsample of children for whom we have
graduation outcoes are highly correlated. The correlations are 0.746 (p-value < 0.0001) using 9th grade
data, 0.806 (p-value < 0.0001) using 10th grade data and 0.800 (p-value < 0.0001) using 11th grade data.
With this measure, 72.2% of children are classified as being on track to graduate on time. This is comparable
with the state level graduation rate of 71%.
33
To be able to implement this approach, we use the discount rate correcting for inconsistent choices
whenever it applies.
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experimental data on risk preferences. The estimates also replace measures of household
characteristics not available through school records (parents education and household structure) with proxy variables constructed from block-level census data. The estimates are very
similar to those presented in the paper. If anything, the estimates suggests that using multiple imputation might under-estimate the effect of risk preferences on high school completion.
This provides evidence that our estimation strategy is appropriate.
Fifth, we provide direct evidence that discount rates are not strongly correlated with
potential determinants of high school graduation by using the subsample household survey
data. Table 8 shows the correlation between survey questions answered by parents, the
child’s graduation outcome and discount rate. Children whose parents have expectations
they will go to college are more likely to graduate from high school, and children who have
a sibling that dropped out of high school are less likely to graduate. Change of residence,
usage of check-cashing services, history of eviction and incarceration are all negatively
correlated with graduation. This is consistent with the household environment and financial
constraints being important determinants of high school graduation. Importantly for our
study, while these variables are correlated with high school graduation, they are not with
a child’s discount rate. The sample size of our household survey is too small to serve as
an appropriate control in our regression analysis, however, these data provide supportive
evidence against the hypothesis that an experimentally-measured discount rate captures
the child’s current circumstances rather than his preferences.
Finally, we explore to what extent disciplinary referrals in the 7th grade capture behavioural problems. The analyses thus far show that the effect of the discount rate on
graduation is robust to the inclusion of disciplinary referrals, but it is unclear to what extent these referrals are manifestation of behavioural problems separate from intertemporal
discounting. Table 9 reports the correlation between disciplinary referrals and survey questions answered by a subsample of 103 children. We find that children with more disciplinary
referrals report that they pay less attention in class, do not enjoy school, get bored, give
up on difficult tasks and do not concentrate. They also report to be less likely to follow
rules and more likely to get in trouble and feel frustrated. The fact that children with more
disciplinary referrals are more likely to report that they get in trouble speaks to the validity
of the survey. Importantly for us, that disciplinary referrals are correlated with a tendency
to give up and feel bored lends support to the claim that disciplinary referrals are a good
proxy for impulsivity and present-biasedness. Our main results then suggest that discount
rates can predict high school graduation for reasons other than impulsivity.
In sum, these robustness checks confirm our main results from Table 4 that more impatient children (those with a higher discount rate) are less likely to graduate from high
school on time.
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5.5

Magnitude of effects on high school graduation

To put our results in perspective, we examine the marginal effects of changes in the discount
rate on graduation from high school evaluated at different levels of impatience and academic
achievement. Table 10 reports these results for the example case of a 13-year old Black
boy receiving free & reduced price meals with no disciplinary referrals in the 7th grade.
Table 10 uses the coefficient estimates from Table 4 for the average switch measure of the
discount rate (Column 1). Results are similar using the other measures of the discount rate.
The results show that if a child becomes more impatient, and the discount rate increases
from 0.2 to 1.2 (that is, it changes from the 15th percentile to the 73rd percentile), the
probability of graduating from high school on time decreases but at a decreasing rate as
the academic achievement of the child goes up. For a child in the lower decile of the
academic achievement distribution, the probability of graduating from high school decreases
significantly by 9.4 percentage points if the child’s discount rate increases by 100%. For
a child in the upper decile of the academic achievement distribution, this decrease is 4.3
percentage points and is insignificant. At baseline, children in the lower decile of the
academic achievement distribution have an estimated 50 percent chance of finishing high
school on time while children in the upper decile have a 90 percent chance. This means
that a child who is not doing well at school could increase the chance of graduating from
high school by 18.8% by becoming more patient. The bottom portion of the Table 10 shows
that while the effect of the discount rate on graduating interacts with the child’s underlying
level of academic achievement, a change in achievement from the lowest decile to the highest
decile has a level effect regardless of the discount rate.
As a comparison, Murnane (2013) provides a review of dropout rates in the US. He
documents a graduation gap of 8 percentage points between Black and White students,
4 percentage points between girls and boys and a large impact (30 percentage points) of
socio-economic status. The results from Jordan, Kostandini, and Mykerezi (2012), using
data from two nationally representative panel household surveys (NLSY 79 and 97), show
that the graduation gap in percentage points between a white female and a white male
is 4.6, a Hispanic female is 7.0, and a black female is 9.8. The results from these studies
not only align well with our findings but also highlight the large magnitude of the effect of
economic preferences on high school graduation.

5.6

Mediation Analysis

In this section, we discuss the interaction between discount rates and behaviour prior to
high school completion. Throughout the paper, we have used disciplinary referrals in the
7th grade as an additional control variable due to the fact that they are contemporary
to the measurement of discount rates and might capture some of the non-pecuniary costs
faced by children. The estimates show that disciplinary referrals in 7th grade and time
preferences are weakly correlated (Table A10 in the Appendix). Using an indicator variable
20

for disciplinary referrals that equals 1 if a child had at least one disciplinary referral in the
7th grade and 0 otherwise, we find that discount rates and disciplinary referrals in the 7th
grade are not related. Thus, the effect of discount rates is not likely to be mediated by
behaviour contemporaneous to preference elicitation.
We next explore how the effect of discount rates and behaviour in the 7th grade are
mediated by behaviour in high school (disciplinary referrals in the 9th grade). First, we
look at the effect of discount rates on graduation controlling for an indicator of disciplinary
referrals in the 7th grade. Next, the effect of discount rates and behaviour in the 7th
grade are estimated on the probability of having a disciplinary referral in the 9th grade.34
Children with larger discount rates and bad behaviour in the 7th grade are more likely to
have a disciplinary referral in the 9th grade. This confirms that disciplinary referrals in
7th grade and preferences measured at the beginning of 8th grade are capturing different
aspects of behaviour.
Finally, we examine the net effect of discount rates and disciplinary referrals in the 7th
grade on graduation controlling for having disciplinary referrals in the 9th grade.35 Not
surprisingly, we observe that the direct effect of both variables is reduced once intermediate
outcomes are included in the regression. Table 11 summarizes these results by presenting
the proportion of the effect of discount rates and disciplinary referrals in the 7th grade
captured by disciplinary referrals in the 9th grade. We find that about 35% of the effect
of discount rates and 40% of the effect of disciplinary referrals in the 7th grade manifest as
behavioural problems in the 9th grade. The fact that both past disciplinary problems and
discount rates affect behaviour in high school provides further evidence that preferences
and non-pecuniary cost to human capital accumulation are important.

6

Conclusions

We set out to investigate if the individual discount rate of a child predicts on-time high
school graduation. To do this, we collected an experimental measure of the discount rate of
children at the beginning of 8th grade and tested if it predicted grduating from high school
five years later. We find that a more impatient child (one with a higher discount rate) is
significantly less likely to graduate from high school, even controlling for academic achievement, past disciplinary referrals, risk attitudes, demographics, household environment and
parents’ characteristics. A one standard deviation increase in the discount rate increases
the probability of dropping out of high school by about four percentage points. Given that
roughly one in five students drop out nationwide, this effect is substantial.
Our study shows that a child’s discount rate is related to high school outcomes and this is
not because the measure captures omitted household environmental variables or impulsivity.
34

These results are reported in Tables A11 and A12. We use indicator variables instead of number of
disciplinary referrals as in Table 4 to facilitate interpretation of results.
35
Table A13 in the Appendix.
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The evidence we present points to an independent effect of how a child values differences in
future consumption. In addition, our results show that this effect is heterogeneous by level
of academic achievement. The discount rate is a significant and large predictor of the probability of graduating from high school for those with relatively low academic achievement in
7th and 8th grades (as proxied by standardized test scores in math, reading, social studies
and science). Children who perform well in middle school are largely unaffected by their
impatience, and this is mainly due to the fact that they are more likely to graduate from
high school anyway. That is, impatience matters for those children who are relatively more
at risk of not graduating. This suggests that programs aimed at low-performing students
may need to take into account impatience in their design to have a measurable effect.
The findings from this study are a direct test of the hypothesis that unobservable differences in preferences and abilities are important determinants of labour market outcomes.
Previous evidence on the importance of preferences has been mainly indirect. For instance,
structural estimations of the decision to drop out of high school point to the importance
of unaccounted for preferences, beliefs, non-pecuniary costs of schooling and productivity.
Our results show that measured economic preferences can predict important educational
decisions even five years in the future. Given that experimental measures are likely to
suffer from significant measurement error, our results are encouraging. Theory and experiments can be combined to derive precise testable hypotheses, and collecting theoretically
motivated measures of economic preferences can be used to determine policy implications.
Policies that take into consideration heterogeneity of preferences and achievement and that
aim to modify preferences could be fruitful.
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Figure 1: Distribution of discount rates by four measures (average switch, first switch, last
switch and minimum cost to make consistent).
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Table 1. Descriptive Statistics
Variable

mean

sd

N

Age

13.8

0.56

866

Male

48.4

50.0

847

Black

46.6

49.9

847

Hispanic & Multiracial

4.3

20.2

847

Free & reduced price meal

63.5

48.2

846

Math score (7th grade)

0.56

0.09

791

Reading score (7th grade)

0.56

0.07

792

Science score (7th grade)

0.53

0.12

787

Social studies score (7th grade)

0.52

0.12

786

Special education

24.8

43.2

878

Gifted

8.8

28.3

878

Disciplinary referrals (7th grade)

1.9

3.0

814

Graduation rate (for observed graduation status)

0.81

0.40

621

Note: some individuals are missing demographic data (sex, race and age), disciplinary referrals and test scores (because they were not in the school system on testing dates).
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Table 2. Decisions faced by participants in the experiment
Paid one

Paid Seven

Implied annual

Decision

month from now

or

months from now

interest ratea

1

$49

or

$50.83

7.35

2

$49

or

$52.71

14.70

3

$49

or

$54.66

22.05

4

$49

or

$56.66

29.40

5

$49

or

$58.72

36.75

6

$49

or

$60.85

44.10

7

$49

or

$63.04

51.45

8

$49

or

$65.29

58.80

9

$49

or

$67.61

66.15

10

$49

or

$70.00

73.50

11

$49

or

$72.46

80.85

12

$49

or

$74.99

88.20

13

$49

or

$77.59

95.55

14

$49

or

$80.27

102.90

15

$49

or

$83.03

110.25

16

$49

or

$85.86

117.60

17

$49

or

$88.78

124.95

18

$49

or

$91.77

132.30

19

$49

or

$94.85

139.65

20

$49

or

$98.02

147.00

a

Participants did not see this column on their decision sheets. The column is included to show
the implied annual interest rate associated with each choice.
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Table 3. Differences between students with known and unknown graduation outcomes
Known gradu-

Unknown

ation outcome

graduation
outcome

value

n

value

n

p-value
(2-sided)

Disciplinary referrals (7th grade)

1.463

771

2.617

350

0.000

Academic achievement

0.142

793

-0.230

365

0.000

Age

13.720

807

13.959

378

0.000

Male

0.489

789

0.501

365

0.702

Black

0.468

789

0.381

365

0.006

Hispanic & Multi-racial

0.034

789

0.060

365

0.041

Free & reduced price meal

0.588

789

0.691

363

0.001

Special education

0.224

807

0.407

378

0.000

Accumulated credits one year after experiment

0.028

807

0.019

378

0.520

Accumulated credits two years after experiment

5.591

807

3.474

378

0.000

Value of house (in log)

10.240

807

9.986

378

0.283

Filed for homestead exemption

0.524

807

0.407

378

0.000

Two-parent household

0.660

350

0.624

173

0.422

Mother’s highest education level - high school

0.463

350

0.337

172

0.006

Father’s highest education level - high school

0.368

351

0.301

173

0.130

Mother’s highest education level - college

0.306

350

0.301

173

0.905

Father’s highest education level - college

0.222

351

0.249

173

0.502

Household survey response rate

0.318

807

0.220

378

0.000
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Table 4. Probit regression of high school graduation in four years (marginal effects)
(using observations with known graduation outcome and a cost to make consistent that is in the lower 95-percentile)
Average switch
First switch
Last switch
Min. Cost
VARIABLES
(1)
(2)
(3)
(4)
Discount rate
-0.091**
-0.087**
-0.080*
-0.079*
[0.043]
[0.042]
[0.043]
[0.044]
(0.034)
(0.037)
(0.063)
(0.071)
Disciplinary referrals (7th grade)
-0.023***
-0.023***
-0.023***
-0.023***
[0.006]
[0.006]
[0.006]
[0.006]
(0.000)
(0.000)
(0.000)
(0.000)
Academic achievement
0.232***
0.233***
0.228***
0.229***
[0.044]
[0.044]
[0.043]
[0.043]
(0.000)
(0.000)
(0.000)
(0.000)
Age
-0.147***
-0.147***
-0.140***
-0.141***
[0.037]
[0.037]
[0.036]
[0.037]
(0.000)
(0.000)
(0.000)
(0.000)
Male
-0.082*
-0.085**
-0.079*
-0.079*
[0.042]
[0.042]
[0.042]
[0.042]
(0.050)
(0.045)
(0.060)
(0.061)
Black
0.185***
0.184***
0.188***
0.189***
[0.044]
[0.044]
[0.043]
[0.043]
(0.000)
(0.000)
(0.000)
(0.000)
Hispanic & Multi-racial
0.121
0.122
0.121
0.121
[0.087]
[0.087]
[0.085]
[0.085]
(0.164)
(0.161)
(0.155)
(0.154)
Free & reduced price meal
-0.164***
-0.162***
-0.167***
-0.168***
[0.052]
[0.052]
[0.051]
[0.051]
(0.002)
(0.002)
(0.001)
(0.001)
Special education
0.052
0.053
0.043
0.044
[0.048]
[0.048]
[0.048]
[0.048]
(0.272)
(0.270)
(0.367)
(0.362)
Observations
547
546
545
545
Additional covariates included in regressions but not reported include: dummy for having chosen inconsistently,
dummy for homestead exemption filing, house value (in log), dummy for two-parent household, dummy for mother’s
highest educ is high school, dummy for father’s highest educ is high school, dummy for mother’s highest educ is
college, dummy for father’s highest educ is college. Missing values replaced with the average at the census track level.
Standard errors in brackets, and robust p-values in parentheses. *** p<0.01, ** p<0.05, * p<0.10
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Table 5. Maximum-likelihood estimates of risk-aversion corrected discount rate on High School graduation (marginal effects)
Utility function: u(c) =
Average
switch

First
switch

(50+c)(1−σ)
1−σ

Last
switch

Minimum
cost

σ = 0.45
Discount rate

SD(D.R.)
Span(D.R.)

-0.294**
[0.138]
(0.033)

-0.281**
[0.134]
(0.036)

-0.261*
[0.139]
(0.060)

-0.257*
[0.140]
(0.067)

0.150
0.453

0.156
0.453

0.155
0.453

0.154
0.453

σ = 0.55
Discount rate

SD(D.R.)
Span(D.R.)

-0.361**
[0.169]
(0.033)

-0.345**
[0.165]
(0.036)

-0.320*
[0.170]
(0.060)

-0.315*
[0.172]
(0.067)

0.122
0.369

0.127
0.369

0.127
0.369

0.125
0.369

σ = 0.65
Discount rate

SD(D.R.)
Span(D.R.)

-0.466**
[0.218]
(0.033)

-0.445**
[0.213]
(0.036)

-0.413*
[0.219]
(0.060)

-0.406*
[0.222]
(0.067)

0.0949
0.286

0.0985
0.286

0.0981
0.286

0.0972
0.286

σ = 0.75
Discount rate

SD(D.R.)
Span(D.R.)

-0.654**
[0.307]
(0.033)

-0.626**
[0.299]
(0.036)

-0.580*
[0.308]
(0.060)

-0.570*
[0.312]
(0.067)

0.068
0.204

0.070
0.204

0.070
0.204

0.069
0.204

σ = 0.85
Discount rate

SD(D.R.)
Span(D.R.)

-1.095**
[0.513]
(0.033)

-1.047**
[0.500]
(0.036)

-0.969*
[0.516]
(0.060)

-0.954*
[0.522]
(0.068)

0.040
0.122

0.042
0.122

0.042
0.122

0.041
0.122

Observations
782
780
780
781
Controls (not shown): Male, age, black, academic achievement, Hisp & multiracial, special education, free & reduced
price meal, cohort year. Robust s.e. in brackets, p-values in
parentheses. *** p<0.01, ** p<0.05, * p<0.10
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Table 6. Lotteries used in the risk experiment
Lottery Pair
Safer lottery
Riskier lottery
1
($30, 1)
or
($40, 0.2; $30, 0.75, $0, 0.05)
2
($30, 0.25; $0, 0.75)
or
($40, 0.2; $0, 0.8)
3
($30, 1)
or
($40, 0.8, $0, 0.2)
4
($40, 0.2; $30, 0.75; $0, 0.05)
or
($40, 0.8; $0, 0.2)
5
($40, 0.75; $30, 0.25)
or
($40, 0.95; $0, 0.05)
Each lottery lists the dollar payoff and the probability associated with that payoff. All
probabilities in any lottery sum to one.
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Table 7. Probit regression of high school graduation in four years (marginal effects) known graduation outcome and controlling for risk aversion
Only risk
Average switch
First switch
Last switch
Min. Cost
(1)
(2)
(3)
(4)
(5)
Discount rate
-0.085**
-0.085**
-0.073*
-0.075*
[0.041]
[0.038]
[0.040]
[0.041]
(0.040)
(0.027)
(0.069)
(0.065)
One safe decisions
0.071
0.117
0.116
0.119
0.119
[0.046]
[0.079]
[0.079]
[0.079]
[0.079]
(0.117)
(0.137)
(0.142)
(0.130)
(0.132)
Two safe decisions
0.019
0.042
0.041
0.042
0.042
[0.069]
[0.107]
[0.107]
[0.107]
[0.107]
(0.778)
(0.696)
(0.699)
(0.698)
(0.697)
Three safe decisions
0.118**
0.139*
0.138*
0.140*
0.140*
[0.053]
[0.075]
[0.076]
[0.076]
[0.076]
(0.024)
(0.065)
(0.068)
(0.065)
(0.064)
Four safe decisions
0.103**
0.144**
0.144**
0.144**
0.144**
[0.052]
[0.071]
[0.071]
[0.071]
[0.071]
(0.048)
(0.041)
(0.041)
(0.043)
(0.043)
Five safe decisions
0.054
0.089
0.089
0.089
0.089
[0.055]
[0.092]
[0.091]
[0.092]
[0.092]
(0.324)
(0.331)
(0.332)
(0.336)
(0.335)
Disciplinary referrals (7th grade)
-0.011**
-0.024***
-0.024***
-0.024***
-0.024***
[0.005]
[0.005]
[0.005]
[0.005]
[0.005]
(0.020)
(0.000)
(0.000)
(0.000)
(0.000)
Academic achievement
0.169***
0.227***
0.227***
0.228***
0.228***
[0.041]
[0.036]
[0.036]
[0.036]
[0.036]
(0.000)
(0.000)
(0.000)
(0.000)
(0.000)
Age
-0.144***
-0.165***
-0.165***
-0.165***
-0.165***
[0.029]
[0.029]
[0.030]
[0.030]
[0.030]
(0.000)
(0.000)
(0.000)
(0.000)
(0.000)
Male
-0.041
-0.054
-0.054*
-0.054*
-0.054*
[0.030]
[0.033]
[0.033]
[0.033]
[0.033]
(0.179)
(0.101)
(0.097)
(0.098)
(0.098)
Black
0.183***
0.170***
0.169***
0.172***
0.173***
[0.041]
[0.036]
[0.036]
[0.036]
[0.036]
(0.000)
(0.000)
(0.000)
(0.000)
(0.000)
Hispanic & Multi-racial
0.064*
0.113*
0.113*
0.113*
0.113*
[0.034]
[0.066]
[0.065]
[0.066]
[0.066]
(0.063)
(0.087)
(0.084)
(0.086)
(0.088)
Free & reduced price meal
-0.109***
-0.136***
-0.135***
-0.136***
-0.135***
[0.038]
[0.041]
[0.041]
[0.041]
[0.041]
(0.004)
(0.001)
(0.001)
(0.001)
(0.001)
Special education
0.027
0.067*
0.068*
0.068*
0.068*
[0.028]
[0.036]
[0.036]
[0.036]
[0.036]
(0.340)
(0.060)
(0.057)
(0.058)
(0.057)
Observations
350
762
762
762
762
Additional covariates included in regressions but not reported include: dummy for having chosen inconsistently,
dummy for homestead exemption filing, house value (in log), dummy for two-parent household, dummy for mother’s
highest educ is high school, dummy for father’s highest educ is high school, dummy for mother’s highest educ is
college, dummy for father’s highest educ is college. Missing values replaced with the average at the census track level.
Standard errors in brackets, and robust p-values in parentheses. *** p<0.01, ** p<0.05, * p<0.10.
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Table 8. Correlations between the parents’ answers to household survey, the child’s graduation status
and the child’s discount rate
Child graduated?
Child’s discount rate
(N=207)
(N=158)
Household survey question
ρ
p-value
ρ
p-value
1. Do you think your child will go to college?
0.155∗∗
0.026
0.004
0.957
2. Does your child have any siblings (including step-siblings) who
-0.155∗∗
0.026
0.056
0.484
have dropped out of school?
3. Do you regularly attend Parent-Teacher Organization (PTO)
-0.040
0.571
0.064
0.421
meetings at your childs school?
4. Are you, or your partner, currently employed?
-0.008
0.819
-0.052
0.122
5. How many times has your child moved residences in the past five
-0.194∗∗∗
0.005
-0.052
0.518
years?
6. Have you ever used the services of a check-cashing service?
-0.144∗∗
0.039
0.134∗
0.093
7. Have you ever taken out a loan?
0.089
0.202
-0.093
0.247
8. Have you taken a loan from a friend or family member?
-0.158∗∗
0.041
0.087
0.337
9. Have you taken a loan from a government loan program?
0.008
0.917
-0.007
0.935
10. Have you taken a loan from a bank?
0.262∗∗∗
0.001
-0.042
0.645
11. Have you taken a loan from a car title company?
-0.092
0.233
0.004
0.962
12. Have you taken a loan from a pawn shop?
0.006
0.935
-0.025
0.786
13. Have you taken a loan from a pay-day loan service?
0.117
0.130
-0.150∗
0.094
∗
14. Have you ever been evicted from a previous residence or lost a
-0.124
0.076
-0.022
0.780
mortgage or faced foreclosure
15. Has anyone in your household ever been incarcerated?
-0.233∗∗∗
0.001
-0.029
0.719
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Table 9. Correlations between the child’s answers to survey questions
and the child’s disciplinary referrals
Please check the box that best describes how often each statement is true
for you. Choose only one answer for each statement (1. Never, 2. Seldom,
3. Farly Often, 4. Usually, 5. Always)
Child’s disciplinary referrals
(N=103)
ρ
p-value

Child survey question
a. I pay attention in class.
b. I feel happy in school.
c. I would rather do easy work than hard work.
d. When I am in class, I just act as if I am working.
e. I feel bored in school.
f. When work is hard, I either give up or do the easy parts.
g. I complete my homework on time.
h. I find myself focusing so hard at school that time passes quickly.
i. I come to class without the things I need to do my work.
j. I feel excited by the work in school.
k. Besides my homework, I do more work than the teacher says that
I have to do.
l. I follow the rules at school.
m. I like being at school.
n. I talk with people outside of school about what I am learning in
class.
o. I get in trouble at school.
p. I feel frustrated in school.
q. I don’t try very hard in school.
r. I like schoolwork best when it is the same as what we have done
before.
s. I am interested in the work at school.
t. I like schoolwork best when it is hard.
u. My classroom is a fun place to be.
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-0.251∗∗
-0.243∗∗
0.046
-0.064
0.084
0.304∗∗∗
-0.124
-0.203∗∗
0.012
-0.063
-0.125

0.011
0.014
0.643
0.523
0.400
0.002
0.219
0.046
0.906
0.528
0.217

-0.310∗∗∗
-0.124
-0.061

0.002
0.219
0.542

0.186∗
0.193∗
0.082
0.032

0.062
0.054
0.417
0.750

-0.079
-0.098
0.051

0.431
0.326
0.610

Table 10. Marginal effects of changes in the discount rate and academic achievement
on graduating high school in four years
(for a Black boy eligible for free & reduced price lunch, w/o disciplinary referrals)

∆(d.r.) = 1 if achievement = q0.1
∆(d.r.) = 1 if achievement = q0.5
∆(d.r.) = 1 if achievement = q0.9
∆(achievement) = q0.1 − q0.9 if d.r. = 0.2
∆(achievement) = q0.1 − q0.9 if d.r. = q0.5
∆(achievement) = q0.1 − q0.9 if d.r. = 1.2

Marginal

s.e.

p-value

-0.094
-0.087
-0.043
0.438
0.475
0.506

0.050
0.047
0.029
0.087
0.078
0.070

0.059
0.064
0.138
0.000
0.000
0.000

∆(d.r.) = 1 is a change in the discount rate from 0.2 to 1.2 (the child becomes more impatient), which is moving from the 15th to the 73rd percentile in the discount rate distribution.
∆(achievement) = q0.1 − q0.9 is a change in academic achievement from being in the lower decile
of the distribution to the upper decile (the child increases academic achievement).
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Table 11. Mediated effect of discount rate and past behavioural problems graduation
through 9th grade discipline
(using observations with known graduation outcome and cost to make consistent that is
in the lower 95-percentile)
Average switch
First switch
Last switch
Min. Cost
VARIABLES
(1)
(2)
(3)
(4)
Discount rate
-0.027∗∗∗
-0.028∗∗∗
-0.028∗∗∗
-0.027∗∗∗
s.e.
0.010
0.010
0.011
0.011
Percent mediated
0.331
0.353
0.363
0.361
Discipline in 7th grade
s.e.
Percent mediated

-0.056∗∗∗
0.015
0.409

-0.056∗∗∗
0.015
0.416
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-0.058∗∗∗
0.015
0.424

-0.059∗∗∗
0.015
0.428

