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Abstract

In this paper, we ask whether variation in preference anomalies is related to variation in cognitive ability.
Evidence from a new laboratory study of Chilean high school students with similar schooling back-
grounds shows that small-stakes risk aversion and short-run discounting are less common among those
with higher standardized test scores. The relationship with test scores survives controls for parental
education and wealth. We find some evidence that elementary school GPA is predictive of preferences
measured at the end of high school. Two laboratory interventions provide suggestive evidence of a
possible causal impact of cognitive resources on expressed preferences.
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1 Introduction

High discount rates over short time horizons (Laibson, 1997; Strotz, 1955) and substantial risk aversion over
small-stakes gambles (Rabin, 2000; Kahneman and Tversky, 1979) are major “behavioral” deviations from
neoclassical assumptions about preferences that may help explain a wide range of field behaviors (DellaVi-
gna, 2009). The normative benchmark of expected utility theory with exponential time discounting implies
that non-negligible discounting over short time horizons and risk aversion over small stakes are mistakes
(Rabin, 2000; Rabin, 2002; Shapiro, 2005). We therefore define “normative” choices as perfectly patient,
expected-wealth maximization. We ask whether “anomalous preferences,” as measured by discounting over
short time horizons and risk aversion over small stakes, are related to cognitive ability.

The possibility that higher cognitive ability is correlated with less biased behavior is important for at least
two reasons. First, heterogeneity in behavioral biases affects how these biases will “aggregate up” in market
outcomes, and may be relevant for targeting public policies designed to mitigate their effects. Second, such
evidence is relevant for testing theories that may predict such an association, such as “two-systems” theories
of behavior that posit a within-person game between a long-run, patient self and a short-run, impulsive
self (e.g., Bernheim and Rangel, 2004; Loewenstein and O’Donoghue, 2005; Fudenberg and Levine, 2006;
Brocas and Carrillo, 2005).

Our evidence comes from three laboratory studies conducted on students in a Chilean high school during
the 2004-2005 and 2005-2006 academic years. Most of the students had been in the same school for their
entire schooling careers, allowing us to hold constant many schooling-related factors that might otherwise
confound our analysis.

In our first two studies, both conducted with high-school seniors, we measure the cross-sectional rela-
tionship between cognitive skills and discounting and risk attitudes. In our first study we find consistent
evidence that higher cognitive skills, as proxied by scores on a standardized math test, are associated with
less short-run discounting and less small-stakes risk aversion. The coefficients on standardized test scores
are economically nontrivial in magnitude. In our second study we find more mixed evidence on risk atti-
tudes, but we continue to find a strong effect on short-run discounting.

As a contrast with choices that are likely to be “mistakes,” we also study fair-minded giving in a dictator
game, a behavior that is not likely to be a mistake. We do not find evidence of an association between test
scores and this behavior.

In both studies, results are robust to controls for proxies for socioeconomic status and family back-
ground. A more detailed analysis using siblings to control for family background shows a statistically
significant effect on one measure of risk aversion, but the sample is too small to draw sharp conclusions in
general.

After presenting our cross-sectional analysis we turn to a discussion of possible causal mechanisms.
Evidence from a simple calculation task shows that essentially all participants are capable of performing

the arithmetic operations necessary to maximize expected value. This allows us to rule out a purely me-



chanical correlation due to ability to perform arithmetic operations, though it leaves open the possibility that
higher-ability individuals are more likely to perform these calculations spontaneously. We next consider the
possibility that our results—particularly those on time preference—may be due to reverse causality from
preferences to skill accumulation. We provide some evidence that ability measured in elementary school
predicts short-run time preference measured at the end of high school. This complements prior evidence
that self-control ability measured in preschool predicts cognitive skills in adolescence (Mischel, Shoda, and
Rodriguez, 1989; Shoda, Mischel, and Peake, 1990).

Our third study involves two interventions drawn from the social psychology literature, and is intended
to experimentally manipulate the cognitive resources available for evaluating choices. These interventions
were conducted on a small sample of high-school juniors. The first manipulation involved subjecting par-
ticipants to a distracting task. The second involved asking them to explain the reasons for their decisions.
The cognitive load intervention increases one measure of small-stakes risk aversion and has no statistically
detectable effect on other outcomes. The reasoning task decreases both small-stakes risk aversion and short-
run discounting, though only the latter effect is statistically significant.

Our findings provide some tentative support for “two-systems” theories, which posit a causal relationship
between the application of cognitive resources and the expression of behavioral biases. According to these
theories, decision-making results from the interaction of a deliberative system, which is patient and risk
neutral, and an emotional system, which is impulsive and risk averse (e.g., Bernheim and Rangel, 2004;
Loewenstein and O’Donoghue, 2005; Fudenberg and Levine, 2006; Brocas and Carrillo, 2005). Since
cognitive ability is highly correlated with working memory capacity (Colom et al., 2004; Gray, Chabris, and
Braver, 2003) and involves overlapping brain regions (Gray and Thompson, 2004; Kane and Engle, 2002),
and since cognitive ability and working memory capacity relate to time discounting through shared neural
processes (Shamosh et al., 2008), in evaluating the theory we consider cognitive ability to be an empirical
proxy for the long-run player’s cognitive resources. Under that interpretation, the theory predicts that higher
cognitive ability will be correlated with greater small-stakes risk aversion, correlated with greater short-
term impatience, and uncorrelated with impatience between two delayed rewards, the pattern of results that
is most consistent with our evidence. In the concluding section of the paper, we discuss other interpretations
of our findings.

This paper was first circulated in 2005, and our working paper is Benjamin, Brown, and Shapiro (2006).
There is now a small literature finding results that are consistent with a relationship between higher cogni-
tive ability and less biased risk-taking and time discounting behavior. Contemporaneously with our work,
Frederick (2005) finds that performance on a range of cognitive tests correlates negatively with impatience
and risk-aversion. Dohmen, Falk, Huffman, and Sunde (2010) find these relationships in a large, represen-
tative sample. Burks, Carpenter, Goette, and Rustichini (2009) find the same relationships in a large sample
from the lower end of the cognitive ability distribution. Beauchamp, Cesarini, and Johannesson (2011) find
that the estimated association between cognitive ability and risk aversion is much stronger once the mea-

surement error in risk aversion has been corrected for. Shamosh and Gray (2008) conduct a literature review



and meta-analysis and conclude that higher cognitive ability is associated with less impatience. There is
some evidence that complexity of a choice problem influences expressed risk preferences, suggesting that
cognitive limitations may play a role in risk-taking behavior (Huck and Weizsicker, 1999). Brandstitter and
Giith (2002) find little evidence for a relationship between cognitive ability and dictator game or ultimatum
game choices. '

Our paper is complementary with this published work. That work leaves open the possibility that dif-
ferences in educational environment could drive cognitive skills, risk-taking, and time discounting behavior.
By studying a population with fairly homogeneous schooling experiences, our paper focuses on a relatively
narrow population but rules out differences in educational environment as the sole driver of the relationship
between cognitive ability and preferences.

Our study of the effects of a cognitive load manipulation relate most closely to the prior work of Hinson,
Jameson, and Whitney (2003) and Shiv and Fedorikhin (1999), who find that cognitive load increases im-
pulsive behavior, and the subsequent work of Whitney, Rinehart, and Hinson (2008), who find that cognitive
load increases risk aversion.

The remainder of the paper is organized as follows. Section 2 discusses the methods and data for our
three laboratory studies. Section 3 presents our main findings from studies 1 and 2. Section 4 discusses
evidence on causal mechanisms including the experimental interventions in study 3. Section 5 discusses
some alternative interpretations and implications of the results and concludes. The online appendix contains
robustness checks as well as description and analysis of our pilot experiment with Harvard undergraduate

participants.

2 Methods and Data

2.1 Study 1: Chilean High School Seniors
2.1.1 Participants

Participants were students at a semi-private high school in Santiago, Chile. The participants were the 92
out of 160 members of the senior class (during academic year 2004-05) who submitted the parental consent
forms necessary for participation in the study. Most participants entered the school for kindergarten at age 4
or 5. Some students were admitted because older siblings had attended, but most were admitted on the basis

of adequate performance on an entry exam. Most students (more than 80%) had received their entire formal

IThe finding that cognitive ability is correlated with some measured preferences (and associated behavioral outcomes) also
relates to a large and wide-ranging literature in cognitive science on the correlates of cognitive ability (see Jensen, 1998, for a
review). Most pertinently, Stanovich (1999) and Stanovich and West (1998) find that individuals with greater cognitive skills
display fewer biases in judgment and decision-making (such as the sunk-cost fallacy, gain-loss framing, and the conjunction fallacy)
in hypothetical choice scenarios (Stanovich, 1999; Stanovich and West, 1998). Recently in the economics literature, studies find that
individuals with greater cognitive skills are less likely to exhibit the winner’s curse (Casari, Ham, and Kagel, 2007), conservatism
in updating probabilities and overconfidence (Oechssler, Roider, and Schmitz, 2008; Hoppe and Kusterer, 2011), and anchoring
bias (Bergman, Ellingsen, Johannesson, and Svensson, 2010) .



education at the school. Therefore, these participants had had a similar schooling experience. None had
received any formal schooling in economics. We held a single, 30-minute experimental session on August

24, 2004, with participants sitting in widely-separated desks in the school gym.

2.1.2 Measured Cognitive Ability

In all of our studies, we measure cognitive ability with standardized test scores and school grades. Existing
evidence indicates that elementary school grades and performance on standardized exams such as the SAT
are highly correlated with general cognitive ability (Jensen, 1998; Frey and Detterman, 2004).

Our standardized test score measure comes from practice exams for the Prueba de Seleccion Universi-
taria (PSU). The PSU is a national exam taken at the end of senior year. For many Chilean universities, the
PSU score together with GPA are the sole determinants of admission. Because performance on the exam
is so important, seniors at this school take monthly practice tests. We obtained 5 practice test scores (for
April through August, 2004) from the school for each participant. We use scores from the Math and Verbal
sections. The math section is very much like the SAT I Math Section, while the verbal section covers literary
concepts, reading comprehension, logical paragraph organization, and vocabulary.

Our primary measure of cognitive ability for these students is the average of the five practice exam
scores, standardized by the sample standard deviation. In cases where one or more exam scores were miss-
ing, we used the mean of the non-missing values. In all, 9 of the 92 students were missing one mathematics
score, and one student was missing two mathematics scores. Seven of the 92 students were missing one ver-
bal exam score, and no students were missing more than one verbal score. The students’ mathematics scores
range from the 32nd percentile to the 99th percentile of the test-taking population distribution (Universidad
de Chile, 2004).>

Because verbal exam scores are less correlated with general cognitive ability than mathematics exam
scores (Frey and Detterman, 2004), we focus on math scores in our main analysis and present results for
verbal scores in the online appendix. In the case of study 1, correlations between preferences and ability
are generally weaker for verbal scores; in the case of study 2, they are somewhat stronger for verbal scores.
The only qualitative difference in findings between the two scores is a sign reversal in the relationship with
fairness preferences as measured by dictator-game giving in study 2.

The school also gave us grade point averages for grades 1 through 11 for all students participating in our

study for whom such data were available.

2.1.3 Procedures

We wrote a questionnaire in English. The questionnaire was translated into Spanish by a native Spanish

speaker and then back-translated into English by a different native Spanish speaker. The back-translated

2Among all seniors enrolled in non-vocational schools, 31.5 percent take the PSU exam (see
<http://www.demre.cl/estadisticas.htm>).



version closely matched the original. We administered the Spanish-language translation, but in the discus-
sion below we quote from the original English-language version. We present payment amounts in pesos, and
in [brackets], we translate into dollar-equivalents at the then-current exchange rate of 632 pesos per dollar.

After handing out a questionnaire booklet to each participant, an experimenter guided participants
through the questionnaire in unison by reading instructions aloud. The questionnaire was divided into
sections (with neutral labels such as “Choices” and “More Choices”), each of which elicited a type of
preference. The questionnaire contained a section that elicited small-stakes risk preferences, followed by a
section that elicited short-term time preferences, then a small-stakes risk preferences section that allowed
for the possibility of losses, and finally a section that asked a few demographic questions.

To discourage participants from thinking of the preference measures as a test of computation skill, we
told participants that “there are no right or wrong answers...Which choice you make is a matter of personal
preference.”

Small-Stakes Risk Preference. The section of the questionnaire that elicited risk attitudes comprised
exactly five questions of the following form:

Please circle either Choice A or Choice B.

(A) You get 250 pesos [$0.40] for sure.

(B) If the die comes up 1, 2, or 3, you get X. If the die comes up 4, 5, or 6, you get nothing.
where X was 400, 550, 700, 850, and 1000 pesos [$0.63, $0.87, $1.11, $1.34, and $1.58]. In each case, (A)
is the safe bet, and (B) is the risky bet.

To make sure that participants understood the choices they were making, we gave them an example
question in the instructions for these sections. We also informed participants that they would answer five
questions of the above form. Finally, we gave participants the opportunity to ask any questions about the
instructions. There was no stated time limit for answering the questions, but we waited about 6 minutes for
all participants to finish before moving on. We then rolled a die five times to determine their payment.

The questionnaire contained all five questions on the same page, with the risk reward X in ascending
order. This presentation made salient to participants the strategy of choosing (A) (the safe bet) for small
X and (B) (the risky bet) for large X. In fact, 70 out of 92 gave monotonic responses, choosing (A) below
some threshold value of X and (B) above it. We use data from all respondents in our main analysis. In the
online appendix we present results for the subset of respondents whose choices are monotonic. Most point
estimates are similar, but estimated effects for risk tend to fall when we restrict to monotonic choices.

Small-Stakes Risk Preference With Possibility of Loss. This section was the same as the small-stakes risk
preference section, except that each outcome paid 250 pesos less in this section. That is, option (A) paid
0 pesos, and option (B) gave a 50% chance of losing 250 pesos [$0.40] and a 50% chance of winning X,
where X was 150, 300, 450, 600, and 850 pesos [$0.23, $0.47, $0.71, $0.94, and $1.18].

Short-Term Time Preference. We measured discounting with six questions of the form:

Please circle either Choice A or Choice B.
(A) You get 500 pesos [$0.79] right now.



(B) You get X a week from now.

For the six questions, X was 450, 550, 650, 750, 850, and 950 pesos [$0.71, $0.87, $1.03, $1.19, $1.34, and
$1.50].

For each question, the participant chose between 500 pesos today and X a week from today. All six
questions were on the same page, with the delayed reward X in ascending order. In the instructions for this
section, the experimenter gave participants an example question, told them that a die roll would select the
question to be implemented, and gave them a chance to ask questions. Participants took about 6 minutes
to answer the six questions. The instructions explained that participants would receive cash to pay them
for this section. The cash would be paid at lunchtime the next day if the participant had chosen (A) for the
relevant question, or at lunchtime in a week if the participant had chosen (B).

We ordered the questions with the delayed reward X in ascending order to make obvious to participants
the strategy of choosing (A) (the immediate payoff) for small X and (B) (the delayed payoff) for large X. 87
out of 92 participants chose (A) below some threshold value of X and (B) above it.

Demographics. Participants recorded their age, sex, course of study, and municipality of residence. We

measure the income in each participant’s municipality of residence using the 2000 Chilean Census.

2.14 Payment

Participants were paid in cash for their choices in the risk-preferences sections, as well as paid a participation
fee of 1250 pesos [$2.00], during lunch break the following day. Participants who chose to be paid “now” in
the time-preference section were also paid in cash for that section at the same time. Participants who chose
to be paid “a week from now” in the time-preference section were paid in cash during lunch break one week
after the experiment.’

To address concerns about the credibility of delayed delivery of payment, at the end of the experiment
we asked participants, “Did you believe that you would actually get paid in a week if you chose to take the
money in a week?”” Of our 92 participants, 90 said they believed they would get paid in a week. Additionally,
the two participants who did not believe they would receive the money in a week actually had higher-than-
average mathematical ability, suggesting that heterogeneity in trust is not likely to bias our results toward

finding that more able individuals are more patient.

3Participants were told that if they missed school on the payment day, their homeroom teacher would hold their payment
envelope until they came to school. Two participants who chose the immediate reward were absent in school the next day and
received their payment the following day. All participants who chose the delayed reward were present in school when they were
paid the next week.



2.2 Study 2: Chilean High School Seniors and Their Siblings
2.2.1 Participants

We returned to the same Chilean high school the year after study 1 to conduct study 2. Participants in study 2
were the 81 out of 103 members of the senior class (during academic year 2005-06) who turned in parental
consent forms. We then identified all siblings of these participants who were also students at the school.
22 out of 27 siblings turned in parental consent forms and participated. For the seniors, we held a single
60-minute session in the school gym on November 3. We held two sessions for the siblings, on December

10 (14 participants) and December 11 (8 participants).

2.2.2 Measured Cognitive Ability

We obtained 11 PSU practice test scores (for March through November, 2005) from the school for each par-
ticipant. The school also gave us grade point averages for grades 1 through 11 for all students participating
in our study for whom such data were available.

Because we do not have information on practice exam scores for students below their senior year, for
our sibling analysis we rely on a student’s average mathematics GPA over her entire tenure in the school
as our measure of cognitive ability. This variable has a correlation of 0.8724 (p < 0.0001) with average
practice PSU mathematics score among the 21 seniors for whom we have data on siblings, suggesting that

it is a reasonable proxy for mathematical ability.

2.2.3 Procedure

The procedure closely paralleled study 1, except that the questionnaire contained more sections and did not
contain a risk section with possibility of loss. The questionnaire presented the sections in the following
order: small-stakes risk preferences, short-term time preferences, fairness preferences, small-stakes risk
preferences with equalized complexity, calculating expected values, and demographics. We distinguish
between the two risk preferences sections by referring to the earlier one as “safe vs. risky options” and the
later one, with equalized complexity, as “risky vs. risky options.” As in study 1, in addition to what they
earned during the study, we paid a participation fee of 1200 pesos (about $2.35 at the then-exchange rate of
510 pesos/$).

Small-Stakes Risk Preference: Safe vs. Risky Options. This section is like the risk preference section
from Study 1, having choices between option (A) (the safe bet) 250 pesos [$0.49], and option (B) (the risky
bet) 0 pesos with probability 50% and X with probability 50%. The only difference is that the values of X
differed from those in Study 1: 200, 350, 500, 650, and 800 pesos [$0.39, $0.69, $0.98, $1.27, and $1.57]
(in ascending order for half the participants, descending for the other half). Out of the 81 participants, 65
chose (A) below some threshold value of X and (B) above it. For each question, a die roll determined the

payment for participants who chose option (B).



Small-Stakes Risk Preference: Risky vs. Risky Options. This section was the same as the above small-
stakes risk preferences section, except that we replaced the sure thing option (A) of 250 pesos with a low-risk
gamble that has the same expected value: “If the die comes up 1, 2, or 3, you get 200 pesos [$0.39]. If the
die comes up 4, 5, or 6, you get 300 pesos [$0.59].” Option (B) remained the same. As a result, option (A)
is parallel to option (B) in complexity; both make the payoff depend on the outcome of a die roll.

Calculating Expected Values. In this section, we presented participants with five questions of the form,

Please circle whichever number is larger.

(A) 250

(B) (X x 3) +(0 x 3)
where X took values 200, 350, 500, 650, and 800. These values exactly match those in the risk preference
section. Participants were told they would be paid 50 pesos [$0.10] for each correct answer. (Although we
included X = 500 in the questionnaire for parallelism, we exclude it from the analysis because there is no
correct answer.)

Short-Term Time Preference. We measured time preferences exactly as in study 1. All but one participant
made “monotonic” choices, choosing the immediate reward for values of the delayed reward below some
threshold and the delayed reward for values above it.

Long-Term Time Preference. This section gave choices between (A) 500 pesos [$0.98] to be received
“four weeks from now,” and (B) X to be received “five weeks from now,” where X took the values 450, 550,
650, 750, 850, and 950 pesos [$0.88, $1.08, $1.27, $1.47, $1.67, $1.86]. Hence the payoffs were exactly
the same as in the short-term time preference section, except that they all occurred four further weeks in
the future. A die roll determined which of the six choices was played out. An experimenter returned to the
school four weeks and five weeks after each session to pay the participants for their choices.

Fairness Preferences. While there are arguments for why small-stakes risk aversion (Rabin, 2000) and
discounting over short time horizons (Rabin, 2002; Shapiro, 2005) are deviations from normative decision-
making, there is no such clear argument for fairness preferences. Hence, we did not have an ex ante hypoth-
esis regarding the relationship between cognitive ability and fairness preferences. Nonetheless, to compare
with risk aversion and discounting, we measured selfish versus fair-minded preferences with an anonymous
dictator game. The experimenter informed participants that we had randomly assigned each of them to one
other participant at the session, but no one would ever find out who had been assigned to whom. The ques-
tionnaire explained that the participant was given a total of 200 pesos and could choose how much to “give
away” to the assigned other participant: 0, 50, 100, 150, or 200 pesos (presented to half the participants in
ascending order, half in descending order). As is typical in dictator game experiments, a majority of par-
ticipants (60.5%) chose either to give away nothing (behaving “selfishly”) or to give away half of the total
(behaving “fairly”).

Demographics. As in study 1, we asked participants their age, sex, course of study, and municipality
of residence. We also asked each participant to tell us the highest level of schooling completed by her

parents, which we translate into the number of years of completed schooling. All but one participant chose



to answer these questions. The measures of father’s and mother’s schooling years have correlations of 0.77
(p =0.0011) and 0.67 (p = 0.0001), respectively, with the average report of the students’ siblings (in cases
where the student’s sibling participated in our study), suggesting a reasonable amount of reliability in these
measures.

In addition, on the parent permission form, we asked parents several questions to proxy for family
background and socioeconomic status. First, we asked the parent to indicate the household’s monthly in-
come in terms of a set of income categories, from which we imputed (at the midpoint of each category) the
household’s monthly income in pesos. We standardized this variable to have a mean of zero and a standard
deviation of one. Second, we asked the parent to list the year, make and model of all of the household’s
automobiles. We used the Tasacion Fiscal de Vehiculos,* a Chilean analogue to the Kelley Blue Book,
to estimate the value of each car, from which we computed the household’s total automobile wealth. We
requested the list of automobiles because we expected it to generate a higher response rate than direct ques-
tions about the household’s financial wealth. When we were unable to estimate the value of an automobile,
we imputed its value as the average value of the other automobiles that the household reported. We com-
puted total automobile wealth and standardized this variable to have a mean of zero and a standard deviation
of one within the sample.

The parents of 19 participants did not answer the income question. The parents of 20 participants did not
provide information on their automobiles. We impute all missing data at the sample mean of the non-missing
observations. In the online appendix we show that the results are qualitatively similar, though estimated less

precisely, when we exclude observations with missing demographics instead of imputing the missing data.

2.3 Study 3: Chilean High School Juniors
2.3.1 Participants

We returned to the same Chilean high school the year after study 1 to conduct study 3 (the same year we
conducted study 2). Participants in study 3 were the 37 out of 108 members of the junior class (during
academic year 2005-06) who turned in parental consent forms. We held seven sessions in the school gym
that lasted between 60 and 75 minutes: December 14 (15 participants), December 15 (6 participants), De-
cember 16 (5 participants), December 17 (2 participants), December 20 (4 participants), December 21 (4
participants), and December 22 (1 participant).

2.3.2 Measured Cognitive Ability

Because the participants were juniors, they had not taken PSU practice tests. We use grade point averages

for grades 1 through 10 provided by the school.

4See <http://www.sii.cl/pagina/actualizada/noticias/tasacion_vehiculos.htm>.
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2.3.3 Procedure

The procedure mirrored study 2, except that we added several new sections to the end of the questionnaire
(in this order): reasons for small-stakes risk preference, reasons for short-term time preference, and math
quiz. Moreover, during half of the sections, participants were put under cognitive load, as described below.
In addition to what they earned during the study, we paid a participation fee of 1200 pesos, as before. Here
we describe only the sections that are new in study 3.

Reasons for Small-Stakes Risk Preference. In this section, we told participants they would face the same
questions they had answered previously (in the small-stakes risk preferences section). The difference was
that, in each question, immediately after choosing the safe option (A) or the risky option (B), participants
were required to fill in a blank with reasons for why they made their choice. For example, a respondent who
chose the safe option of 250 pesos instead of a 50 percent chance of winning 650 pesos wrote, “It seems
safer to me.”

As before, a die roll for each question determined the payoff to choosing the risky option.

Reasons for Short-Term Time Preference. Participants answered the same questions as in the short-term
time preference elicitation but were required to give reasons for why they made their choice. For example, a
respondent who chose to receive 500 pesos immediately instead of receiving 650 pesos in one week wrote
that it was “very little silver to wait one week.” We adapted our reasoning task from Wilson and Schooler’s
(1991) study, which finds that such reasoning tasks can inhibit instinctive judgment.

We rolled a die to pick which of the six questions would be carried out.

Math Quiz. We administered to participants two 10-minute, six-question quizzes that contained SAT-like
math problems (arithmetic, algebra, geometry, and probability). Participants were told we would pay them
50 pesos [$0.10] for each correct answer. Half of the participants were under cognitive load during one of
the math quizzes, and the other half during the other math quiz.

Cognitive Load Manipulation. Requiring participants to remember a string of seven numbers while they
are engaged in the task of interest is a common “cognitive load” manipulation in the psychology literature
(e.g., Shiv and Fedorikhin, 1999; Hinson, Jameson, and Whitney, 2003) designed to inhibit working mem-
ory. Working memory capacity is strongly correlated with general cognitive ability (Colom et al., 2004;
Gray, Chabris, and Braverman, 2003).

Although we put half the participants under cognitive load in each section, the instructions for each
section had to be identical across participants because an experimenter led them through the experiment in
unison. To achieve this, participants were told at the beginning of the experiment that immediately prior to
every section, there would be a page in the instruction booklet with “YOUR NUMBERS ARE:” followed
by either a sequence of seven numbers or a blank space. Immediately after the section, they would be asked
to fill in the blank for the question “WHAT ARE YOUR NUMBERS?” If the participant had seen seven
numbers, the correct answer was to recall the sequence in the correct order, and if the participant had seen

a blank space, the correct answer was to leave the line blank. To incentivize participants to remember the
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numbers, participants were paid for their responses in a section only if they correctly answered the “WHAT
ARE YOUR NUMBERS?” question for that section. Across all participants and modules, 65 percent of the
digit sequences supplied by participants were correct.

There were four versions of the instruction booklet that differed in which sections cognitive load was
applied (i.e., a seven-digit number was shown instead of a blank space). No participant was ever under
cognitive load during the two reasons sections of the experiment, but every participant was under cognitive
load during four of the other eight sections. Every participant was under cognitive load during exactly one
of the two math quiz sections. We counterbalanced the cognitive load manipulation by designing the second
and fourth versions of the questionnaire to apply cognitive load during the reverse set of four sections as
the first and third versions, respectively. Consequently, while answering each of the sections (except for
the two reasons sections), about half of the participants were under cognitive load.> We implemented a
counterbalanced design for two reasons: to minimize confounds from fatigue effects by ensuring that all
participants had a similar amount of time under load during the experiment; and to allow us to separate the
effect of load from any possible difference in math quiz difficulty.

A few participants failed to answer all of the preference-elicitation questions (3 did not answer one of
the risk questions, and 1 did not answer one of the discounting questions). We conduct our analysis on the
sample who answered all the questions. In the online appendix we present evidence using the full sample
and making the conservative assumption that missing choices are normative under load and non-normative
otherwise. Doing so does not affect the main result we report below for the “risky vs. risky” measure
because there were no missing choices in that section. For other outcomes, the bounds are meaningfully

different from the point estimates we report below.

3 Results

Following Rabin (2000), the normative benchmark of expected utility theory implies that participants should
make risk-neutral choices over stakes as small as those in our experiment. A similar argument implies that
participants should be patient over the time horizons that we consider (Rabin, 2002; Shapiro, 2005). Because
we are interested in whether cognitive ability predicts behavior that matches normative decision theory, for
each type of preference we use as our primary dependent measure the number of “normative” choices, which
we define as choices consistent with perfectly patient, expected-wealth maximization.

For each type of preference, we estimate an ordered probit model relating the number of normative
choices to one or more measures of cognitive ability. We report model parameters as well as the estimated
marginal effect of the variable on the probability that all choices are normative. The marginal effect serves

as a useful statistic for evaluating magnitudes.

>Due to an error by the local Kinko’s, a page was omitted from some of the copies of two of our questionnaire versions.
Consequently, there was a slight imbalance in the number of each version we used, resulting in a slightly uneven number of
participants in the different cognitive load conditions.
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3.1 Study1

Table 1 reports results from study 1.

The first set of results in columns (1), (3), and (5) shows the effect of math score with no controls. The
second set of results in columns (2), (4), and (6) shows the effect of math score after controlling for gender
and mean income in the neighborhood (a crude proxy for socioeconomic status).

In all cases the coefficient on the math score is positive and at least marginally statistically significant.
(In the case of time preference, it is statistically significant at the 10 percent level without controls and at the
5 percent level with controls.) In all cases the inclusion of controls strengthens the coefficient on the math
score.

The magnitude of the estimated coefficient is economically large. In our final models with controls, for
risky choices, a one-standard-deviation increase in the math score increases the probability of making fully
normative choices by about one-half of the sample mean probability. For time preference, the effect is about

one-third of the sample mean.

3.2 Study 2

Table 2 reports results from study 2.

For each type of preference we report estimates of the effect of math score with and without demographic
controls. These demographic controls are much richer than those available in study 1, but their inclusion
does not meaningfully affect our coefficients in most cases.

The effect of math score on risk preference is weaker than in study 1, although the coefficients are
still positive. We investigated the possibility that this difference, along with the greater share of normative
choices in study 2, is due to the small difference in the payoffs we offered, but we find similar results on the
subset of choices for which payoffs are most comparable between the two studies.

The effect on short-run time preference persists in study 2 as in study 1 and remains large in magnitude.
Study 2 also allows us to estimate the effect on long-run time preference. Here we find no statistically
significant relationship with the math score. Although we cannot distinguish the short-run and long-run
effects statistically, this is an intriguing result in light of recent findings that suggest that neural systems
associated with working memory capacity may be involved in self-control (Hare, Camerer, and Rangel,
2009; see also McClure, Laibson, Loewenstein, and Cohen, 2004). In an analysis presented in the online
appendix, we estimate a statistically insignificant negative relationship between the math score and the
number of present-biased choices, defined as behaving patiently when trading off rewards at four and five
weeks but impatiently when trading off rewards between the present and one week.

We find a statistically insignificant negative effect of math score on selfishness as expressed in dictator

®In study 1, across the five questions, the risky option has a 50% chance of paying 400, 550, 700, 850 and 1000 pesos. In study
2, these payoffs are 200, 350, 500, 650 and 800 pesos. If we drop the 1000-peso question in study 1 and the 200-peso question
in study 2, then the remaining four questions have a similar range of payoffs in the two studies. When we analyze the data after
dropping these questions, the results look similar to those we report.
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games. As we report in the online appendix, however, we find the opposite relationship, which is also
statistically insignificant, when we measure cognitive ability using verbal scores instead of math scores.
Overall then, we do not find clear evidence of any relationship between cognitive ability and selfishness.

In the online appendix we present additional findings using sibling groups to control for family back-
ground. The sample size is too small to draw precise conclusions, but in general the point estimates are

directionally consistent with those we report here.

3.3 Pooled Estimates

Table 3 presents results using pooled data from studies 1 and 2 on risk preferences and short-run time
preferences. (In the case of risk preference, we use as the dependent variable the number of normative
choices across our two elicitations.) For each preference we report results with and without demographic
controls.

We find a statistically significant positive relationship between math score and both risk and time pref-
erence. The results should be taken with caution as the elicitations differ between studies.

Figure 1 provides a graphical representation of the pooled data. We compute, separately for risk and
time preference, the mean math score as a function of the number of normative choices made. The figure
shows an upward-sloping relationship for both risk and time preference, consistent with the estimates in
table 3.

4 Evidence on Causal Mechanisms

4.1 Pure Computation

One possible explanation for our results is that every participant tried to make the risk-neutral or patient
choice, but that some were unable to perform the computations necessary to determine which option was
“correct.” On this view, our estimates merely show that one measure of mathematical ability is correlated
with another. Several pieces of evidence argue against such an interpretation. First, the computations nec-
essary to make patient choices in the time preference tasks involve only ordinal comparisons (greater than,
less than, or equal to), which the students in our sample are clearly capable of making. Of the 81 seniors
who participated study 2, only 3 chose the “dominated” option of 450 pesos in one week rather than 500
today in the first intertemporal choice questionnaire, and only 3 made the analogous choice in the second
intertemporal choice questionnaire.

The computation of expected values is slightly more cumbersome, so to check whether participants’
inability to calculate expected values drives risk-averse behavior, we also asked each participant to make
comparisons that involved calculations equivalent to those necessary to compute the expected values in our
risk questionnaires, such as comparing 250 to (200 x %) +(0x %) Only 5 participants made even one error

in the set of five questions of this form. Additionally, only 3 students chose the stochastically dominated
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gambles in either of our two risk questionnaires. These facts seem difficult to reconcile with the hypothesis
that the students in our sample who made choices inconsistent with patience and risk-neutrality were merely
unable to make the necessary calculations. However, these facts leave open the possibility that, even though
all participants were able to do the computations, the higher-ability participants were more likely to do them

spontaneously when presented with the preference measures.

4.2 Predicting Adolescent Preferences from Elementary School Cognitive Ability

Existing work has reported that self-control ability measured in preschool predicts cognitive skills in adoles-
cence, as measured by standardized test scores (Mischel, Shoda, and Rodriguez, 1989; Shoda, Mischel, and
Peake, 1990). That finding is sometimes interpreted as indicating that self-control ability is the more funda-
mental individual attribute and that there is a one-way causal effect of self-control ability on accumulation
of cognitive skills. Because elementary school grades are available to us for those who attended the school
in elementary grades, we can investigate whether cognitive ability in childhood, as measured by elementary
school grades, predicts short-run time preference at the end of high school.

Table 4 presents results using as a cognitive ability measure the standardized average math GPA from el-
ementary school for those students whose elementary school grades are available. We focus on the short-run
time preference measure, the time preference measure for which we find a correlation with contemporaneous
skill. Our findings are mixed. We find a positive and statistically and economically significant relationship
in study 1, and we find a small, barely positive and statistically insignificant relationship in study 2. The
confidence interval for study 2 includes the point estimate from study 1. In the online appendix, we present
results for the full set of preference measures, and we find that the risk preference measures are positively as-
sociated with average math GPA from elementary school in study 1, while none of the preference measures
are associated with math GPA in study 2.

It is difficult, if not impossible, to establish the direction of causation between cognitive ability and
time preference. Nonetheless, our findings may suggest that the direction of predictability is not uniquely
from early-life self-control ability to adolescent cognitive ability, but also from early-life cognitive ability to

adolescent time discounting.

4.3 Causal Effects of Cognitive Resources

We conducted two experimental manipulations designed to manipulate the extent to which participants
deploy cognitive resources when evaluating their choices.

Table 5 presents the results of our first manipulation in which we subjected participants to cognitive
load. As in our other analysis, we use ordered probits to estimate the effect of cognitive load. In the online
appendix, we present results using Fisher exact p-values, which do not rely on distributional assumptions,
and find the same pattern of statistical significance.

For both risk preferences the point estimates indicate that cognitive load reduces normative behavior. In
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the case of comparisons of risky gambles, the effect is statistically significant, and in both cases the point
estimates are economically large. Cognitive load slightly increases non-normative behavior in short-run
time preference, though the effect is not statistically significant. There is a statistically insignificant effect
on long-term time preference that does not have the expected sign. Cognitive load slightly (and statistically
insignificantly) increases selfish behavior.

Importantly, we find no consistent evidence that cognitive load reduces performance on the math quizzes
that we administered. Because it seems very likely that the quiz required cognitive resources (there was
significant heterogeneity in performance), we take this finding to indicate that we do not have much power
to detect effects of cognitive load, and therefore our cognitive load findings should be interpreted cautiously.

In the online appendix we present evidence on the interaction between the effect of cognitive load and
baseline cognitive ability, as measured by high school math GPA. We find no consistent evidence of such an
interaction, although in the case of the second math quiz, we find some evidence that the effect of cognitive
load is greater for those with greater cognitive ability.

Table 6 presents the results of our reasoning task. For each type of preference we present the mean
number of normative choices at baseline and in the reasoning task. We restrict attention to those not under
cognitive load at baseline. We present p-values from a within-subject Wilcoxon signed-rank test.

Reasoning caused a statistically insignificant increase in the number of risk-neutral choices and a sta-
tistically significant increase in the number of patient choices. In the online appendix we present some
suggestive evidence that the effect of the reasoning manipulation is weaker for individuals with higher cog-
nitive ability.

Our samples are too small to draw firm conclusions, but they suggest that the application of cog-
nitive resources may causally impact discounting and risk attitudes. This hypothesis fits naturally with
“two-systems” models of individual decision making (e.g., Bernheim and Rangel, 2004; Loewenstein and
O’Donoghue, 2005; Fudenberg and Levine, 2006; Brocas and Carrillo, 2005). These models treat decision-
making as a result of a strategic interplay between an impulsive, myopic player and a rational, forward-
looking player who can reduce the influence of the impulsive player only by drawing down a limited budget

of cognitive resources.

5 Conclusions

In a series of laboratory studies of high school students we find that short-term discounting and small-
stakes risk aversion are more prevalent among students with lower measured cognitive ability. To the extent
that measured cognitive ability can be taken as a proxy for available cognitive resources, our findings are
consistent with “two-systems” theories that posit that these preference anomalies result from a conflict
between a patient, deliberative long-run self and an impulsive short-run self. Evidence from experimental
interventions designed to manipulate the application of cognitive resources to decision-making also appears

consistent with such models, though our samples are too small to permit strong conclusions.
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While we have emphasized the consistency of our findings with “two-systems” models, there are other
possible explanations for our results as well. For example, individuals with greater measured cognitive abil-
ity may be more likely to “broadly bracket” their choices, assessing the consequences of the lab choices in
the context of broader lifetime decisions (Rabin and Weizsacker, 2009). Such recognition that the experi-
mental choices are a small piece of a much longer stream of related choices would generate more patient
and risk-neutral behavior (Read, Loewenstein, and Rabin, 1999; Barberis, Huang and Thaler, 2006).

Because our laboratory preference measures are based on stylized, quantitative frames that do not closely
reflect the framing of market decisions, a potential concern is that our findings may not generalize to mar-
ket decisions. For example, a possible explanation for the correlation between cognitive ability and time-
preference measures based on monetary tradeoffs is that higher-ability individuals are more likely to recog-
nize that money earned in the experiment is fungible with money earned outside the experiment. Participants
who understand this fungibility will behave more patiently (Frederick, Loewenstein and O’ Donoghue 2002).
If this explains our findings, then the association between cognitive ability and patient behavior would ex-
tend to field behaviors involving monetary tradeoffs but not other intertemporal choices.

However, an emerging literature suggests that there is a correlation between cognitive ability and market
behaviors related to time and risk preference. Our working paper, Benjamin, Brown, and Shapiro (2006),
reports evidence from the National Longitudinal Survey of Youth (NLSY) that individuals who score higher
on the AFQT, a commonly used measure of cognitive ability, exhibit higher rates of financial market partici-
pation and asset accumulation and lower rates of obesity and smoking. A growing body of work documents
a relationship between cognitive ability and portfolio allocations and wealth accumulation (e.g., Kézdi and
Willis, 2003; Banks and Oldfield, 2007; Christelis, Jappelli, and Padula, 2010).

These findings suggest that market outcomes (e.g., aggregate savings) that depend more on the behaviors
of the highly skilled will tend to be less sensitive to short-run time preference and small-scale risk preference
than outcomes (e.g., payday loan borrowing) that depend more on the behaviors of the less skilled. This,
in turn, may suggest that policymakers target some interventions toward lower-ability individuals. Indeed,
Gaurav, Cole and Tobacman (2011) find that lower-ability individuals are more responsive to interventions
designed to encourage take-up of rainfall insurance in India.

We note, however, that biases in preference and judgment have been documented even among very
skilled individuals. For example, in our pilot study of Harvard undergraduates (described in the online
appendix to this paper), only 36 percent of those scoring a perfect 800 on the Math SAT are risk-neutral,

and only 67 percent are perfectly patient.
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Table 1: Preferences and Cognitive Ability: Study 1
Dependent variable: Number of normative (risk neutral, patient) choices

Preference type Risk (gains) Risk (gain/loss) Time preference (now vs. one week)
(1) (2) 3) 4) 5) (6)
Standardized math score 0.3059 0.3361 0.2393 0.2486 0.2125 0.2797
(0.1192) (0.1330) (0.1172) (0.1295) (0.1147) (0.1268)
[0.0535] [0.0585] [0.0432] [0.0447] [0.0703] [0.0911]
Demographic controls? X X X
Share making all normative choices  0.1087  0.1087  0.1087  0.1087  0.2826 0.2826
Pseudo-R? 0.0268 0.0282 0.0200 0.0231 0.0120 0.0198
N 92 92 92 92 92 92

Notes: Results are from ordered probit models, with standard errors in parentheses and estimated marginal effect on the
probability of all normative choices (evaluated at the sample mean of the independent variables) in brackets. Dependent
variable is the number of normative choices made in the given preference elicitation. See “Methods and Data” section
for details of preference elicitation. Demographic controls are gender and the mean income in the participant’s

municipality of residence.
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Table 2: Preferences and Cognitive Ability: Study 2
Dependent variable: Number of normative (risk neutral, patient, selfish) choices

Preference type Risk Risk Time preference Time preference Selfishness
(safe vs. risky) (risky vs. risky) (now vs. one week) (four vs. five weeks)
(1) (2) (3) “) &) (6) (1) (3) 9) (10)
Standardized math score 0.1502 0.0684 0.1656 0.1464 0.3887 0.4059 0.1726 0.1524 -0.1298 -0.1454

(0.1257)  (0.1333) (0.1297) (0.1365) (0.1267) (0.1323) (0.1232) (0.1277) (0.1228)  (0.1278)
[0.0539] [0.0224] [0.0643] [0.0541] [0.1074] [0.1103] [0.0588] [0.0511] [-0.0204] [-0.0223]

Demographic controls? X X X X X
Share making all normative choices  0.3333  0.3333  0.4321 0.4321 0.2222  0.2222  0.2963 0.2963 0.0864 0.0864
Pseudo-R? 0.0081 0.0841 0.0095  0.0497  0.0428  0.0548  0.0094 0.0206 0.0047 0.0190
N 81 81 81 81 81 81 81 81 81 81

Notes: Results are from ordered probit models, with standard errors in parentheses and estimated marginal effect on the
probability of all normative choices (evaluated at the sample mean of the independent variables) in brackets. Dependent
variable is the number of normative choices made in the given preference elicitation. See “Methods and Data” section
for details of preference elicitation. Demographic controls are gender, father’s years of schooling, mother’s years of

schooling, household monthly income, and the total market value of the family’s automobiles.



Table 3: Preferences and Cognitive Ability: Studies 1 and 2
Dependent variable: Number of normative (risk neutral, patient) choices

Preference type Risk Time preferences
(all) (now vs. one week)
(1) (2) 3) “)
Standardized math score 0.2805 0.2580 0.2808 0.3273

(0.0816) (0.0866) (0.0845) (0.0899)
[0.0338] [0.0291] [0.0864] [0.0990]

Demographic controls? X X
Share making all normative choices  0.0751 0.0751 0.2543 0.2543
Pseudo-R? 0.0806  0.1062  0.0223  0.0317
N 173 173 173 173

Notes: Results are from ordered probit models, with standard errors in parentheses and estimated marginal effect on the
probability of all normative choices (evaluated at the sample mean of the independent variables) in brackets. All models
include study fixed effects. Dependent variable is the number of normative choices made in the given category of
preference elicitation. Data are from studies 1 and 2. Risk elicitations are: gains (study 1), gain/loss (study 1), safe vs.
risky (study 2), risky vs. risky (study 2). Time preference elicitations are now vs. one week, studies 1 and 2.
Demographic controls are gender, mean income in the participant’s municipality of residence (study 1) and father’s
years of schooling, mother’s years of schooling, household monthly income, and the total market value of the family’s
automobiles (study 2). Demographics not available for a given study are imputed at an arbitrary value and “dummied

out.” See “Methods and Data” section for details of preference elicitations.
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Table 4: Time Preference and Elementary School Performance
Dependent variable: Number of normative (patient) choices
Time preference
(now vs. one week)
Study 1 Study 2
(5) (6)
Standardized elementary school math GPA  0.2431 0.0041
(0.1158) (0.1276)
[0.0801] [0.0012]

Share making all normative choices 0.2824  0.2267
Pseudo-R? 0.0163  0.0000
N 85 75

Notes: Results are from ordered probit models, with standard errors in parentheses and estimated marginal effect on the
probability of all normative choices (evaluated at the sample mean of the independent variables) in brackets. Dependent
variable is the number of normative choices made in the given preference elicitation. See “Methods and Data” section

for details of preference elicitation. Elementary school is defined as grades 1-6.
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Table 5: The Effect of Cognitive Load: Study 3
Dependent variable: Number of normative (risk neutral, patient, selfish, mathematically correct) choices

Preference type Risk Risk Time preference Time preference Selfishness Math quiz 1 Math quiz 2
(safe vs. risky)  (risky vs. risky) (now vs. one week) (four vs. five weeks)
1) 2 (€) “ ® Q) )
Cognitive Load -0.3684 -0.9694 -0.0364 0.1581 0.0640 0.2930 -0.3598
(0.3785) (0.3829) (0.3543) (0.3587) (0.3512) (0.3523) (0.3533)
[-0.1035] [-0.3285] [-0.0108] [0.0567] [0.0070] [0.0540] [-0.1171]
Share making all normative choices 0.2059 0.3784 0.2222 0.3243 0.0541 0.1081 0.2703
Pseudo-R? 0.0102 0.0736 0.0001 0.0021 0.0003 0.0062 0.0083
N 34 37 36 37 37 37 37

Notes: Results are from ordered probit models, with standard errors in parentheses and estimated marginal effect on the
probability of all normative choices (evaluated at the sample mean of the independent variables) in brackets. Dependent
variable is the number of normative choices made in the given preference elicitation. See “Methods and Data” section

for details of preference elicitation and math quizzes.



Table 6: The Effect of Explicit Reasoning: Study 3

Dependent variable: Number of normative (risk neutral, patient) choices

Preference type Risk Time preference
(safe vs. risky) (now vs. one week)
M 2
Mean at Baseline 3.7692 4.2500
Mean in Reasoning Task 4.1538 5.0500
No. of observations 13 20
Wilcoxon sign-rank p-value 0.2043 0.0063

Notes: Reasoning task indicates that the participant was asked to think about and express the reasons for her
choice. Dependent variable is the number of normative choices made in the given preference elicitation. See
“Methods and Data” section for details of preference elicitation. Sample consists of participants who were not
under cognitive load at baseline.
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Figure 1: Preferences and Cognitive Ability: Studies 1 and 2
Panel A: Risk preferences
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Notes: Each figure shows the mean standardized math score for participants grouped by the number of normative
choices made in all preference elicitations in a given category. The area of each marker is proportional to the number of
observations in the category. Data are from studies 1 and 2. Risk elicitations are: gains (study 1), gain/loss (study 1),
safe vs. risky (study 2), risky vs. risky (study 2). Time preference elicitations are now vs. one week, studies 1 and 2. See

“Methods and Data” section for details of preference elicitations.
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