USCDornsife USC Schaefter

Center for Economic Leonard D. Schaeffer Center
and Social Research for Health Policy & Economics

Education, Decision-making, and
Economic Rationality

James Banks, Leandro S. Carvalho, and Francisco
Perez-Arce

Paper No: 2018-003

CESR-SCHAEFFER
WORKING PAPER SERIES

The Working Papers in this series have not undergone peer review or been edited by USC. The series is
intended to make results of CESR and Schaeffer Center research widely available, in preliminary form,
to encourage discussion and input from the research community before publication in a formal, peer-
reviewed journal. CESR-Schaeffer working papers can be cited without permission of the author so long
as the source is clearly referred to as a CESR-Schaeffer working paper.

cesr.usc.edu healthpolicy.usc.edu



Education, Decisiomaking, and Economic Rationality
James Banks, Leandro S. Carvalho, and Francisco Pemez*

This article studieshe causal effect of education on decismaking. In 1972 England

raised its minimum schod¢gaving age from 15 to 16 for students born after September

1, 1957.An online surveywas conductedvith 2,700 individuals bornn a 36-month

windowon either sideof this date Participantsmade 25ncentivized risk choicethat

allow us to measurmultiple dimensionf decisioamaking.Despite the policy having

effects on educatigreducational qualificationsand incomewe find no effecs$ of the

policy ondecisionmakingor decisioamaking quality
In many aspects of lifeanging from health to finansethe more educated have better outcomes
than the less educate@ne potential explanatioms thateducation leads people to maetter
choices a mechanim hypothesizedor exampleto underlie the educatiemealth gradientCutler
and LlerasMuney 20@®, 2010)andconsistent with correlational evidence that the more educated

makehigherquality choices (Choi et al. 2014).
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There are, however, twoainchallenges to determining whether more education leads to better
choices. One is tmmakejudgmentsaboutwhat good choicesare Differences in choices could
reflect differences in decisiemaking ability but alsadifferences in preferences, constraints,
information, or beliefsThe secondchallengeis to isolate the causal effect of education on
decisioamaking.There may be reverse causatiiyhat is, better decisiemakers may choose to
invest more in educatio® while third factors, such as cognitiveilgtly, may confound the
relationship betweepast education choices and current decisiaking.

In this papemweinvestigate whether education improves decisiaking byexploitng a welk
knownschootleaving age reform in Englangsingexperimental risk choicée measureéecision
making ability We designed and administeradiacentivized risk choice experimethtatpermits
distinguishing differencesn decisionmaking ability from differences in preferences or
constraintsin order to exploit theschootleaving age reformyhich affected onlycohortsborn
after aspecificdate (Othe cutoffQye fielded this instrument via the Internet on a laggeeral
populationsampleborn within three years around the cutdi¥e study he causal effect of
education on decisiemaking bycomparinghe decisiormaking of preand posteform cohorts.
Despite theschooing reform having effects on education and educational qualificatiand,
despite education and qualifications befjecgoss-sectionally)correlated with our measures of
decisioamaking,we find nocausaleffectsof educatiornon decisioamaking or decisiommaking
quality.

The 1972Raising of the School Leaving Age Ord®OSLA) increasedhe minimum schoaol
leaving agen Englandirom 15 to 16As a result, students born on or after September 1, 1957 had
to stay in school until age 16 while students born before this date could leave at age 15. Previous

studies have exploited compulsory schooling changes in Englanddip thie causal effects of



education on income (Oreopoulos 2006; Devereux and Hart 2010; Grenet 2013),JNegkke(

al. 2009; Clark and Royer 2013), and cognitive abilities (Banks and Mazzonna 2012). In order to
exploit this natural experiment we cawdiout a study with 2,700 members of an Internet panel
born between September 1, 1954 and August 31, 1960 and who left school at age 16 or younger.
The study contained a module of incentivized experimental choices designed specifically to
measure the imp&of the ROSLA on decisiemaking 40 years later.

Studies of individual differences in decisioraking have used one of two approaches to assess
poor decisiormaking. The Owho is behavioralO approach (e.g., Benjamin et al. 2013) measures
Obehavioral anamiesO, such as smatlale risk aversion, that are difficult to reconcile with
rationality. The Owho is rational® approach (e.g., Choi et al. 2014) measures-ohedigign
guality by the consistency of choices with economic rationality. One desirahlecfe@the latter
is that it enables one to Odistinguish individual heterogeneity in degiaking ability from
unobserved differences in preferences, constraints, information, or beliefsO (Choi et al. pg. 1520).

Our risk choice experiment was designéa combine these two approaches with the
experimental choices yielding three different types of decisiaking metricsFirst, we can study
the expected return and risk of the investment portfolios chosen by participants. Second, we can
analyze measurasf behavioral anomalies that are difficult to reconcile with rationality: small
scale risk aversiorRabin 2000; Schechter 20Q0The use of a 1/n heuristic (Benartzi and Thaler
2001; Huberman and Jiang 2006), and default effects (Madrian and Shea 26i04t; &£h2004).

Finally, we measure decisianaking quality by the consistency of choices with rationality,
capturing both violations of the General Axiom of Revealed Preference (Choi et al. 2007a, 2007b,
2014; Echenique et al. 2011) and violations of atonicity with respect to firsbrder stochastic

dominance (Choi et al. 2014). We augment the set of measures of detaimg quality with a



measure similar to Ofinancial competenceO proposed by Ambuehl et al. (2014) that is rooted in the
principles ofchoicebased behavioral welfare analysis (Bernheim and Rangel 2004, 2009).

Consistent with previous studies (e.g., Clark and Royer 2013; Grenet 2013), our data show the
reform increased educational attainment. The fraction of study participants stesaimgol until
age 16 increased from 55 percent to 90 percent. The additional year of schooling kept students in
high school courses for one more year and consequently more students received formal
qualifications. The reform increased the fraction of wtpdrticipants with a Certificate for
Secondary Education (CSE) by 5.2 percentage points and the fraction with an O level by 6.5
percentage points (both of these qualification exams are typically taken at age 16). Overall, the
fraction of participants withut any formal qualification was reduced by 12 percentage points.
Furthermore, we reproduce the finding, documented by previous studies, that the reform increased
income (e.g., Harmon and Walker, 1995; Delaney & Devereux 2017; Dickson 2013; Grenet 2013)
Pan effect that persists more than four decades after the reform.

However, we do not find a causal effect of education on deemsaking. Study participants
born after September 1, 1957 make similar portfolio choices in terms of risk and return to those
born before. There are also no differences in decisiaking qually as defined by our various
measures. In addition, OpreO and OpostO reform groups are also equally likely to exbdaitesmall
risk aversion, to remain at default portfolio allocations, or to use a 1/n heuristic. Not only do we
find no significant effets, but also the confidence intervals around our estimates are tight enough
to be informative.

Our results contribute to a growing literature investigating the characteristics associated with
poor decisiormaking (e.g., Agarwal and Mazumder 2013; Cha@ile2011; Benjamin et al. 2013;

Choi et al. 2014; Cappelen et al. 2014; Stango et al. 2017). To the best of our knowledge, our study



is the first to study the causal effect of general education on a large battery of measures of decision
making quality: To the extent that ouiisk choice experiments are carried out in the context of
financial portfolio decisiongyur work is also related to studies such as Cole et al. (2014) and Black
et al. (2015) that study the effects of education on financial portfoNasontribution of our
analysis over that of these studies is that our experimental methodology isolates the effect of
education on decisiemaking quality, disentangling it from changes in underlying conditions or
circumstances (for instance, Black et algue that impacts on risky asset ownership may arise
from more educated being subsequently wealthier and thus more able or willing to take risks). Our
work is also related to a growing literature on the effects of education on cognitive abilities (e.qg.,
Banks and Mazzona 2012; Carlsson et al. 2015; Cascio and Lewis 2015; Lager et al. 2016; Gorman
2017).

The paper is structured as follows. Section | presents the study design and Section Il evidence
of the validity of the decisiomaking measures. Resulté the effects of the 1972 reform on
education and decisiemaking are presented in Section lll. Concluding remarks are made in
Section IV.

I. Study Design

To take advantage of the exogenous variation in education generated by the ROSLA, we
lTwostudlesexamlnethe|mpacts of financial education on quality of deamsikimg. Ambuehl
et al. (2014) study the impacts of short online educational videost compound interest on
financial competence while LYhrmann et al. (2017) study the impact of financial education training
on whether high school students making intertemporal choices allocate more money to the future

in response to an increase in theerest rate.



surveyed appromately 2,700 members of the largest Internet panel in the UK, the YouGov Panel,
between October 16, 2015 and February 1, 20i@rder to maximize statistical power, we
recruited panel members more likely to have been affected by the policy: thoséudied

England at age 14 and who dropped out at age 16 or youwerlso restricted the sample to

panel members born within a narrow window of three years around the cutdifrédatesly those

born between September 1, 1954 and August 31, 1960.sutha narrow window we are able

to assume that there are no systematic birth cohort trends, which increases the effective sample
size by a factor of 3 to 4 (Schochet 2099).

There were two levels of screening. First, information that YouGov alreadyrhBlé avas

2 Previous studies do not find an effect of the 1972 ROSLA on the likelihood of students staying

in school until age 17 or older. According to Clark and Royer (2013), Othe 1972 change had small,
at best, effects on the fractions completingf fewer yearsk one can view these law changes as
forcing students that would previously have left at the earliest opportunity to stay in school for one
more year.O (pg. 2102) Banks and Mazzonna (2012) also focus on those who dropped out at 16
and youngeto maximize power.

3 Allowing for trends introduces a correlation between the running variable (i.e., date of birth) and
the jumping variable (i.e., being born after September 1, 1957), which reduces the information
contained in the jumping variable. Imetresults section we run such a specification as a robustness

test!



used to determine which panel members should be invited to our $uflege screening
guestions (date of birth, school leaving age, and country of study at age 14) opened the survey and
provided a second level of screenindrespondents meetinthe selection criteria made
experimental risk choices (described in Section I.B) and answered a short survey containing five
guestions to assess understanding about the risk choice experiment, six questions to measure
predetermined characteristics thhbsld be balanced before and after September 1, 1957 (e.qg.,
household size at age 10), anfl guestions to assess numersge Appendix A for more details.

All respondents received&3 participation fee.

A. Risk Choice Experimentarticipants werg@resented with twentfive choices, in each of

which they had to allocate £25 among risky assets whose returns depended on a coin toss. They
were shown the return per £1 invested depending on the outcome of the coin toss and were then
asked to choose howuth of the £25 they wanted to invest on each asset.

Appendix Figure 1 shows a screenshot of the interface presented to participants. The table
shows the return per £1 invested for two addétsand BBdepending on the outcome of the coin
toss. A graph Hew the table displays two bars: the first bar shows the amount invested on asset
A and the second the amount invested on asset B. The starting level of the bars, which added to
4Intheflrstlevelofscreenlng the selection criteria were: 1) currently living in England; 2) born
between September 1, 1954 and August 31, 1960; and 3) reported having left sapedl@Gor
younger.
5In the second level of screening the selection criteria were: 1) studied in England at age 14; 2)
born between September 1954 and August 1960; and 3) reported having left school at age 16 or

younger.



£25, was randomizeédParticipants made their investments by either dragdiagoars up and

down or by clicking on the + arfdbuttons below the bars. When a participant changed the amount
invested on one asset, the other bar automatically adjusted such that the total amount invested
always equaled £2Bin other words, the partjgant could not keep any amount Ouninvested.O

One concern is that study participants often find risk choice experiments difficult (e.g., Eyster
and WeizsScker 2016). With this concern in mind, we designedorial video to make the
experiment as accesklas possible to study participants. The video, which was aimed at a general
population, explained the experiment in fienhnical terms and used animation to illustrate how
to use the interface to make investment choiddter the tutoria) participans had two rounds to
practice. Even if the difficulty of the risk choice experiment may influencdets of the
decisioamaking quality measures, we are interested ultimatetiffarencesf these measures
between those born before and after SeptethE957.

Participants were presented with 25 such choices (opportunity sets). The opportunity sets were
designed such that they could be grouped intonmested subsets of choices used to construct
different measures of decisionaking, as we explain irestion 1.B. The first 10 opportunity sets
were presented in a simple frame where participants could invest in two assets only. In what
follows, we refer to assétas the asset thpaid£x per£1l investedf the coin came up heads and
£0 if it came up tés. We refer to assetas the asset thpaid£y per£1 investedf the coin came

up tails ancEQ if it came up tails. The returnsandy varied across opportunity sets. The order in

6 For each opportunity set, twotsef starting levels for the bars were randomly drawn.
Participants were randomly assigned to one of the two sets.

" http://youtu.be/VpUFDpdHIu8



which these two assets were presented on the screen from left to right was randomized, such that
for half of the sample asdeshowed up in the asset A column and for the other halflaskeived
up in the asset B column.

The other 15 opportunity sets kegresented in a more complex frame where participants could
divide the investment amount across five assets (henceforth, the Ocomplex frameO). In five of these,
the opportunity sets were identical to some presented in the simple frame but with tloa additi
three superfluous assets produced from convex combinations ofreasdtsS This design, where
new assets are introduced without effectively changing the investment opportunities, was proposed
by Carvalho and Silverman (2017) and permits meas@firgancial competenceO using Ambuehl
et al. (2014)Os measure of decisimking quality (discussed further in the next section). The
remaining ten opportunity sets presented in the complex frame includedhaardtsand three
other assets that paidoth states of the world, where one or two of them lay below the efficient
frontier and were therefore swiptimal. The order in which the five assets were presented from
left to right on the screen and the starting levels of the bars were randomizedl Bhaolws the
25 opportunity sets in the order they were presented to particfpants.

Before participants started making their choices, they were slaoshorter second video
explaining that 10% of participants would be randomly selected to receive an Aotaak Gift
Certificate in the amount of the realized return of their investments in one of the 25 opportunity
sets (randomly choset).All measures in monetary units were presented (and paid, where
8Addltlonaldetallsoftheexpenment are provided in Appendix B.
¥ We varied the columns in which assets were shown. The alternative presentation is shown in
Appendix Table 1. Participants were randomly assigned to one of the two presentations.

10 http://lyoutu.be/ZqVY8a_wmV8



relevant) to respondents in British pounds. For theqeap of exposition in this paper all amounts
have been converted to US dollars using an exchange rate of $1.50 per Toairalerage
winnings amongst those selected to receive the gift voucher was $36.85, and the minimum and
maximum were $0.90 and $13%pectively.

Previousstudies have shown that even snséidikes experimental choices are predictive of real
life behaviors (Choi et al. 2014; Fisman et al. 20Myreover, Camerer and Hogarth (1999)
review studies that varied the level of incentives and conclude that raising incentives does not
change violations of rationality.

The median participant spefii8 minutes in the tutorigld4 seconds in the two pramitrials
and13.7 minuteghoosing their investmenBcompared to 11.3 minutes in Choi et al. (2013). The

median duration of the entire survey V@575 minutes

B. DecisionMaking Measure§ he experimental choices are used to construct three types of
decisionmaking measures. The first is the risk and return of portfolios. The second is measures of
decisionmaking quality in the sense of consistency with rationality, irrespective of peopleOs
preferences. The third refers to weticumented behaviors @h are hard to reconcile with
rationality, such as the use of the 1/n heuristic, default stickiness, anessataltrisk aversion.

We examine five measures of quality of decisimaking. First, we study whether the set of 25
choices violate the Generalx®m of Revealed Preference (GARP). GARP requires that if a
portfolio P1 is revealed preferred to a portfol®, thenP> is not strictly and directly revealed
preferred tdP: (that is, at the prices at whiéh is chosenP1 must cost at least as muchR3.
Choices that violate GARP are not consistent with rationality because there is no utility function
that these choices maximize (Afriat 1972). We assess how closely individual choice behavior

complies with GARP by using the Money Pump Index (Echeragjaé 2011), a metric commonly

10



used in the microeconomics literature that captures the amount of money that could be arbitraged
away from an individual whose choices violate GARP.

Choi et al. (2014) argue that consistency with GARP is a necessary kutfrmént condition
for high quality decisionrmaking. GARPconsistency does not rule out a choice of a portfolio that
yields unambiguously lower payoffs than some available alternative portfolio. Violations of
monotonicity with respect to firgirder stobastic dominance (FOSD) provide another compelling
criterion for decisiormaking quality We usethe difference between the maximal expected return
(i.e., the highest expected return that can be achieved while holding the lowest payoff constant)
and the egected return of the selected allocatiomssess how closely individual choice behavior
complies with the dominance principle (Hadar and Russell 1968.measure is then averaged
over opportunity sets.

Following Choi et al. (2014), we calculateuaified measure of violations of GARP and
violations of FOSD by combining the 25 choices for a given patrticipant with the mirror image of
these data obtained by reversing the returns and the payoffs. We then compute the Money Pump
Index for this combinedataset with 50 choices.

The fourth measure of quality of decisioraking is financial competence (Ambuehl et al.
2014), a measure that compares the choices an individual makes when presented with the same
opportunity set in a simple frame and in a comglaxe. Following Carvalho and Silverman
(2017), we conceptualize the complex frame as an investment problem where participants have a
larger number of investment options but the opportunity set remains the same. Five opportunity
sets were presented in bdthe simple and complex frames (see Section I.A). We calculate
financial competence for a given opportunity set as the wtarticipant absolute difference in

the amount invested in the higlaying state; this measure is then averaged over the five

11



oppotunity sets.

The fifth measure of decisiemaking quality captures whether participants failed to minimize
portfolio risk. In two opportunity sets the retumas the same for all assets, which implies that all
portfolios yielded the same expected retufma tisk-averse rational agent were presented with a
choice between portfolios with the same expected return, he would choose the one with the lowest
risk. Given that riskree portfolios were feasible in these two opportunity sets, we can use the
portfolio risk (i.e., the standard deviation of portfolio returns) for the opportunity set as a measure
of (low) quality of decisiormaking; this measure is then averaged over the two opportunity sets.

We also construain overall index of decisiemaking quality,which is a simple respondent
level average of four measures of decisiaking quality: GARP violations, FOSD violations,
financial competence, and failure to minimize the portfolio risk.

Finally, we assess the occurrence of Obehavioral anomalies@tfoéiohoices that are hard
to reconcile with rationality. Expected utility theory predicts that individuals will be approximately
risk-neutral when stakes are small. Empirically, however, it is often found that individuals are risk
averse even when &&s are small (Rabin 2000; Schechter 2007). Sseale risk aversion is
measured as the portfolio return in the {paying state (a risk neutral agent would invest $0 in
the lowpaying state). Some investors may excessively diversify their portfoliosibg a 1/n
heuristic where they divide the investment amount evenly among the n investment options
available (Benartzi and Thaler 2001; Huberman and Jiang 2006). Our measure of this is the fraction
of times that the participant invested one half (fifthjhaf endowment in each one of the two (five)
assets available. Finally, a number of studies have shown that many people tend to stick to defaults.
For example, defaults in 401(k) retirement plans have large effects on participation rates,

contribution rate, and asset allocation choices (eMpdrian and Shea 2001; Choi et al. 2004).
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We measureéefault stickiness by the fraction of times that the participant remained at the default
(starting) allocation.

As explained in Section |.Ahe opportunity setseve designed such that they could be grouped
into nonnested subsets of choices used to construct the different measures of -teaisian
Expected return, FOSD violations, and 1/n heuristic are constructed using 23 opportunity sets: the
two opportunitysets where the expected retisrthe same for all assets are excluded. Portfolio
risk, GARP violations, smaBcale risk aversion, default stickiness, anduhéied measure of
GARP and FOSD violations are constructed using all 25 opportunitySstsfppendix B for
more details about the construction of the decismaking variables.

I1. Descriptive Evidence on the Distribution of the Decision-making Outcomes

This section presents descriptive evidence on the deeisataimg outcomes. In order to avoid
contamination by the education reform the analyses in this section are presented for-the Opre
reformO sample only, i.e. those born before September 1,M857,416).

We begin by discussing evidence about participantsO understanding of the risk choice
experiment. After making their investment choices, participants were asked five questions to
assess their understanding. They were shown an example of an investment allocation on five assets
and asked guestions about the example. Participants who couldlg@nsever all five questions
earned £1 to add to a £3 participation fee.

Most participants seem to have understood the risk choice experiment. More than ninety percent
knew the amount they had to invest (93%) and the amount invested in the exampleticalarpa
asset (95%). More than sixty percent could correctly identify the gpatsfic return of investing
£1 (77%) or £10 (64%) on an asset. More than half (51%) could calculate thepst@te return

of the portfolioallocation shown in the examphhich involved five multiplications and adding
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the five productsWe find that cohorts born before and after September 1, 1957 exhibit similar
understanding of the risk choice experim@see Appendix Table 3.

Despite the fact that participants seen@tiave understood the risk choice experiment, they
often made suboptimal investment choices. Table 2 shows summary stBtimties); 25, 50",
and 79 percentiles; and standard deviataof the different measures of decisioraking quality
describedabove. The values can be interpreted as the amount of money participants Oleft on the
table® by making suboptimal investment choices, and are denoted as negative values such that
higher values (closer to zero) correspond to higher deamaking quality.

We estimate that low quality decisiomaking cost study participants on average between $2.77
and $6.61, depending on the measure used. This corresponds td7/68%0of the amount
participants had to invest. It is interesting to note that for finanoiapetence even the 75
percentile is high: a loss of $3.97.

Choi et al. (2014) propose two exercises to investigate whether detialong quality
measured from experimental choices reflect decisiaking ability that affects reavorld
outcomes. Firsthey examine the correlation between decisiaking quality and socioeconomic
characteristics. Second, they investigate whether differences in deuiglong quality explain
differences in realvorld outcomes, using wealth as a realrld economic outame.

In keeping with the findings of Choi et al. (2014), our data show that decrsa&mg quality
is associated with education, numeracy, and income. Figure 1 shows cumulative distribution
functions of decisiormaking qualitybviolations of GARP fow 1) and financial competenceofv

2) b separately for those with and without a formal qualificatioolmn A), low and high

14



numeracy(columnB), and low and higincome(columnC).!

Participants with more education, higher numeracy, and higher income ngdlezduality
choices than their peers. The relationships are stronger for GARP violations than for financial
competence. These associations are even more striking if one considers that thatetioenpre
subsample is considerably homogenous because satgling design: they were all born within
a 3é6month window, studied in England at age 14, and reported finishing continuctisméull
education at age 16 or younger.

In rows 3 and 4ve conduct a similar analysis for two of our measures of behavioral anomalies,
namely the 1/n heuristic and for default stickiness. The 1/n heuristic is measured as the fraction of
times that the participant invested one half (fifth) of the endowmeraicin ene of the two (five)
assets available. Default stickiness is measured as the fraction of times that the participant
remained at the default (starting) allocation.

The relationship of behavioral anomalies with education and numeracy are not as fdear as
the measures of decisionaking quality. While those with more education and higher numeracy
are less likely to remain at the default portfolio allocation, they arenadselikely to divide the
investment amount evenly among the investment opt{@ms possibility is that the more educated
feel more confident to move away from default allocations but perceive the 1/n heuristic as a
sophisticated investment strategy to diversify risk. This speculation illustrates the challenges in
unambiguously charéerizing behavioral anomalies as mistakes. It is also interesting to note that

there is substantial variation across individuals in the frequency with which they use these

11 OHigh incomeO is defined as having an annual household income of £25,000 or more. OHigh

numeracyO is defined as having correctly answered the 3 numeracy questions.

15



strategies.

The measure of default stickiness is also a useful way to assessmttiening the risk choice
experiment. A disengaged participant cotitdOnextO without moving the bars, which happened in
9.4% of the choices. Another marker of inattention is the failure to minimize risk. The two assets
available in the fifth choice hatie same return, such that any portfolio yielded the same expected
return. In other words, there was no #iskurn tradeoff. A rislkaverse agent would invest half of the
endowment on each asset to minimize risk. Even though the bars started awaysfadiocttion,

63% of the sample implemented it (notice #s&utral agents would be indifferent between
allocations).We can also easily reject the null that the decisiaking quality of participantsO
choices is as good as if they had been choosingndbna a standard benchmark used in the
literature (results available upon request).

Next, we investigate whether differences in decismaking quality are associated with
differences in home ownership, our proxy for weatRigure2 shows that homeowneexhibit
12Wedonothavemonetansxeasures of wealth available to us. Homeownership is often used as
a proxy for wealth when only two groupings are required and the correlation is strong.
Calculations from the 2014/15 English Longitudinal Study of Ageing, which contains detailed
measuresf both variables, confirm this. For the cohort born between 1955 and 1960, the 75th
percentile of net financial assets (not including housing or pension wealth) fhonwowners
was £5,000, which compares to value of £6740 for the 25th percentilefofametial wealth for
homeowners. The 9(ercentile of this measure of wealth for Fmwmeowners is around 80%
of the median wealth of home owners, so less thapaerent of renters would be observed in

the top half of the wealth distribution of homeauaws.
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higher decisiormaking quality measured in terms of GARP violations than renters. However, this
is not true for financial competence.

Finally, in Appendix Table 2 we show that, even though the measures of devakory
quality capture differentlimensions of poor decisiemaking, they are strongly correlated with
each other. For example, violations of FOSD capture whether participants chose portfolios that
yielded unambiguously lower payoffs, while daflure to minimize riskneasure captureseh
average portfolio risk when all portfolios yielded the same expected return. There is no overlap in
the opportunity sets used to compute these two deaisaking quality measures, yet the
correlation between them is 0.87The correlation coefficientsétween the different measures of
decisionmaking quality range from 0.26 to 0.94, which indicates that there is some common
component of decisiemaking ability that these different measures are capturing.

I1I. The Impacts of the Compulsory Schooling Changes

A. Impacts on Educatiohe ROSLA generated a discontinuous relationship between education

and date of birth. Figurg shows the fraction of study participants that stayed in school until age

16 by quarter of birth (all other study participants dropped out at age 15 or younger). The 1972
ROSLA raised the compulsory school leaving age in England from 15 to 16 years.riited ve
dotted line denotes students born between September and November of 1957, the first cohort
subject to the change in the compulsory schooling law. The education reform increased the fraction
of study participants who stayed in school until age 1¥bipercentage points.

As discussed in Section |, we recruited panel members born within a narrow window of 72

13 Failure to minimize risk is calculated using only the two opportunity sets where all portfolios

yielded the same expected return.
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months around September 1, 1957 because the effective sample size increases by a+fadtor of 3
the birth cohort trends can be assumed to beoappately zero. For most of the analysis here, we
ignore the birth cohort trends and compare means for study participants born after September 1,
1957 to the means for study participants born before this date. In Table 6 we estimate regressions
that allowfor birth cohort trends (in all 27 specifications we cannot reject that there are no birth
cohort trends).

One may worry that the ROSLA forced students to attend school, but that these students may
not have learned much if they were not putting efforte Bvidence does not support this
hypothesis. Figure4 shows the distribution of highest qualification, separately for study
participants born before and after September 1, 1957. The reform reduced the fraction of study
participants without a formal qualtfation and increased the fraction with a Certificate of
Secondary Education (CSE) and the fraction with a General Certificate of Education (GCE)
Ordinary Level (also known as an O levél).
14Onefeatureofeducatlondata in this cohort in England is the rather coarse relationship
between education as measured by-sgibrted Oage left fitiime educationO and education as
measured by highest qualification attained. Figusbows that, even in the preform cohort,
roughly thirty percent of our sample achieved some higher qualifications (eHbeels,
typically taken at age 18 if in futime education, or some kind of college degree) despite the
sample being selected tme basis of having left fulime education at age 16 or before.

Calculations from other nationally representative surveys confirm this is a feature of the
population not just our sample. In the 2015 Labour Force Survey, 26.0% of the individuals born

between 1955 and 1960 who reported that they lefitfiole education at age 16 or before report
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Table 3 estimates the effects of the compulsory schooling lawgehan educational
attainment. Each row shows results from a separate regression. We run regressions of the
educational attainment outcomes listed in the rows on a dummy for being born after September 1,
1957 and a constant. The first column shows the icteit on the constant, which corresponds to
the mean of the outcome variable among participants born before September 1, 1957. The second
column shows the coefficient on the dummy for being born after September 1, 1957, which
corresponds to the differensemeans between those born before and after the cutoff birthdate.

The education reform increased the fraction of study participants staying in school until age 16
by 35 percentage points or 63%. It also increased the fraction of study participant€&iEhby
5.2 percentage points and the fraction of those with a GCE O level by 6.5 percentage points,
reducing the fraction without any formal qualification by 12 percentage points. The CSE and the
GCE O level were examinations that students would typitakg around age 16 and hence are
the qualifications that one would expect to be affected by the change in the compulsory school
leaving age from 15 to 16.

We are also able to reproduce the finding of previous studies showing that the education reform
increased income (e.g., Dickson 2013; Grenet 2013; Delaney & Devereux 2017).53poxes
the cumulative distribution function of personal income, separately for study participants born
before and after September 1, 1957. Appendix Figure 5 shows the cumdistiiibution function
of household income. In both cases, the distribution for those born after September 1, 1957 is
further to the right, indicating that they have higher incomes than those born before September 1,
quallflcatlonsofAIeveIorhlgher (the equivalent proportion in the 2014/15 English
Longitudinal Study of Ageing is 25.7%).
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1957. The income data were collecbetween June 2013 and January 2D16., more than four
decades after the reform. Despite some limitations of these data, we can reject the null of a
Wilcoxon ranksum test at the 5% significance level for both personal and household iticome.

Before preenting the estimates of the effects on decimmaking, we investigate whether
predetermined characteristics (i.e., characteristics determined before the ROSLA) are balanced
across study participants born before and after the cutoff birthdate. Theyidgrdsumption is
that study participants born before and after September 1, 1957 would have had similar-decision
making ability had the latter group not been forced to stay in school until age 16.

We test this assumption in Table 4. Each row shows aaepagression. We run regressions
of the variables listed on the rows on a dummy for being born after September 1, 1957 and a
constant. The first column shows the coefficient on the constant, which corresponds to the mean
of the dependent variable amagpayticipants born before September 1, 1957. The second column
shows the coefficient on the dummy for being born after September 1, 1957, which corresponds
to the difference in means between those born before and after this date.

Overall the predeterminedharacteristics are balanced across the two groups. For only one of

18 predetermined characteristics we can reject the null hypothesis that the mean is the same across

15 We did not collect data on inconreour survey, but YouGov had asked in previous waves

about panel membersO incomes. The data have a few shortcomings: the measures come from a

single question about Ototal incomeO; respondents answered by choosing one of thirteen income
brackets; approximaly a fifth of the sample answered Odo not knowO or Oprefer not to answerO;

and income was measured at different points in time for different panel members. We would

expect these issues to make it harder to detect an effect of the reform on income.
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the two group® participants born after September 1, 1957 are 2.6 percentage pointikeipre

to have lived at age 10 in a place with enough books to fill two or more bookcases. This difference
is statistically significant at 10%. Moreover, all variables in Table 4 cannot jointly predict whether
a study participant was born after the cutofthdate (pvalue 0.45). In Section I11.B we show that
estimates barely change, and our qualitative conclusions are unaffected, if we control for these
predetermined variables.

Despite the internal validity of our estimates, one may worry about thirnek validity
because of our online sample. In Appendix Table 5 we compare compliers in the YouGov sample
to compliers in the English Longitudinal Study of Ageing (ELSA), a nationally representative
survey, where we represent the compliers by restriciegsample to participants born before
September 1, 1957 who left school before age 16 (after the education reform they would have been
forced to stay in school until age 16). We compare the answers to questions that we borrowed from
ELSA, such that therare no concerns about differences in the wording of the questions. Overall,
the two samples look quite comparable.

In the next section, we investigate whether the exogenous increase in education generated by
the education reform caused an increase irstgemaking.

B. Impacts on DecisioiMaking. Figure 3 showed that the ROSLA created a discontinuous

relationship between educational attainment and date of birth at September 1, 1957. If education
has a causal effect on decisimaking, we would expect to see a corresponding discontinuity
between decisiomaking and date of birth at the same cutoff birthdate.

We first analyze portfolio choices, remaining agnostic about the quality of these decisions.
Figure6 shows the relationship between expected return and portfolio risk and date of birth. The

circles showaverage expected return (leftaxis) by quarter of birth. The Xs show average
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portfolio risk (right yaxis) by quarter of birth. For both outcomes there is no apparent discontinuity
at the birthdate cutoff. The figure also indicates that both at thandfat the right of the cutoff
there is no clear birth cohort trends or aging effects, which lends support to the assumption that
birth cohort trends are approximately zero for such a narrow window.

Figure 7 shows cumulative distributions of three measupf decisiormaking quality D
violations of the GARP, financial competence, and the deemigking quality index®separately
for those born before and after September 1, 1957. These numbers can be contrasted with the
$37.50 participants had to inve3the red dashed lines show cumulative distributions for those
born before September 1, 1957. The black solid lines show cumulative distributions for those born
after September 1, 1957. In the top and bottom panels the two distributions are strikingty simila
The pvalues of a Wilcoxon ranrkum test of equality of distributions are: 0.63 (GARP); 0.12
(financial competence); and 0.90 (decismoaking quality index).

Table 5 presents estimates of the effects of education on demialang. The first column
shows the mean of the dependent variables in US dollars (with the exception of the last two rows)
for the prereform sample. For the other columns, each cell corresponds to a separate regression
with the dependent variables listed on the rows. The secortlieshdolumns show reducddrm
estimates where the independent variable is an indicator for being born after September 1, 1957.
The fourth and fifth columns show two stadeast squares (2SLS) estimates, where we use the
dummy for being born after Septeer 1, 1957 to instrument for staying in school until age 16.
The 2SLS estimator is the ratio of the redufmdh estimates shown in columns 2 and 3 and the
first-stage estimate 0.348 (i.e., the first row of Table 3 showed that the school reform intreased
fraction of study participants staying in school until age 16 in 34.8 percentage points). The second

and fourth columns present estimates based on monetary amounts as in the previous descriptive
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analysis. For estimates in the third and fifth coluniress dependent variables are in standard
deviation unit8l constructed by subtracting off the mean, and dividing by the standard deviation,
of the outcome variable in the preform group'®

We find no effects of education on the portfolio choices. An additipear of schooling is
associated with eeductionin the expected return in $0.10 or 0.04 of a standard deviation. There
is also no effect of education on portfolio risk.

We do not find evidence of effects of education on decisiaking quality. For allsix
measures, the effect of education on decismaking quality is not statistically different from
zerol’ We also note that the point estimates do not all go in one direction. The unified measure of
GARP and FOSD violations and the failure to minimigk measure indicate that education
improvesdecisionmaking quality while GARP, FOSD, and financial competence imply that
educatiordeterioratesdecisionmaking quality. Similarly, we find no effect of education on small
scale risk aversion, the use oétl/n heuristic, or default stickiness.

The 2SLS effects are estimated relatively precisely with a standard error €3.02086f a
standard deviation. The upper bounds of the 95% confidence intervals range from 0.04 to 0.27 of

a standard deviation. Irtteer words, we can rule out that an additional year of schooling improves

16 Forthe decisiormaking quality index, we calculated the simple average of the standardized
GARRP violations, the standardized FOSD violations, the standardized financial competence, and
the standardized failure to minimize risk.

17 AfriatOs Critical Cost Effiency Index (CCEI) provides an alternative measure of how closely
individual choice behavior complies with GARP. We also find no effect of education on

violations of GARP if we use the CCEI instead of the Money Pump Index.
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decisioamaking quality by 0.28 of a standard deviation or more. For the decma&ing
quality index, we can rule out effects greater than 0.09 of a standard deviation.

Consider he following backof-envelope calculation to assess the potential consequences of
these estimates for reabrld outcomes. Choi et al. (2014) estimate that a one standard deviation
increase in AfriatOs Critical Cost Efficiency Index (CCEI) is associatbdawil8% increase in
wealth. If we use CCEI as our dependent variable, the upper bound of the 95% confidence interval
implies that an additional year of schooling increases CCEI by 0.13 of a standard deviation (result
not shown)-8 In other words, the imprvement in decisiomaking quality caused by an additional
of year schooling increases household wealtimdoynore thar2.3%. As a comparison, Black et
al. (2015) estimate that an additional year of schooling increases wealth by 18. Taken at face value,
these two set of results together suggest that less than 13% of the effect of education on wealth is
due to the effect of education on decismaking quality.

Table 6 assesses the robustness of Table 5 results to alternative specifications. The last column
of Table 5 is reproduced as the first column of Table 6 to facilitate the comparison. The estimates
in the second column of Table 6 include the predetermined characteristics analyzed in Table 4.
The third column adds a linear function of date of birthapsdand an interaction of date of birth
in days with a dummy for being born after September 1, Nl9Bat is, the birth cohort trends are
allowed to be different for those born before and after September 1, 1957. Standard errors are
clustered at the monyear of birth in the last two columns. Finally, the last column includes

monthof-birth dummies to control for seasonality (these effects are assumed to be the same for

8 Though we use the Mond&Sump In@éx throughout the paper, we use here the CCEI for

comparability with the results in Choi et al (2014).
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those born before and after September 1, 1957).

Estimates in the second column show that adding the predetermined characteristics has small
effects on point estimates and on standard errors. Except for FOSD where the coefficient is
significantly negative at the 10% level (which would suggest educabosews decisiocmaking
quality), all other coefficients remain insignificant. The estimates are more sensitive to the
inclusion of birth cohort trends (third column). Violations of GARP, financial competence, and
the decisiormaking quality index changedm a negative to a positive sign. Including birth cohort
trends increase the standard errors, from-0.02 of a standard deviation to 0049 of a
standard deviation. With just one exception, clustering at the ryesathof birth reduces standard
erras (fourth column). Finally, some results are also sensitive to the inclusion of-ofdritth
dummies, as the last column shows. With just one exception (the effect on GARP violations in
column 5), the effects remain statistically undistinguishable #ero. It is worth pointing out that
in all 27 specifications the birth cohort trends are not jointly significant at a 10% significance level.
In Appendix Table 4 we show our results are also robust to controlling for the amount of time (in
levels or in log) that study participants spent making their investment choices.

We also investigated whether our estimated effects vary by parental background. Our measure
of parental background is the first principal component of a principal component analysis of

several praletermined characteristiésWe then broke the sample in two based on whether the

19 The characteristics werevhether respondent lived most of her childhood with both parents,
number of books in place respondent lived (at age 10)bauonf bedrooms in residence (at age
10), number of people lived with respondent (at age 10), whether parents were unemployed for

more than 6 months (before age 14), and caregiverOs main occupation (at age 14).
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participant had a parental background below or above the median, and estimated separate effects
for these two groups. We find no effect of staying in school agél16 on decisiemaking quality
for either group. We cannot reject the null hypothesis that that the effects are the same for the two
groups (results available upon request).
IV. Conclusion

In many aspects of life, ranging from health to financesnitre educated have better outcomes
than the less educated. One potential explanation isethetation leads people to maketter
choices.To our knowledgettis paper is the first t@stthis hypothesisin this paper we combined
the 1972school leaving age reform in England with experimecitaicesto investigate whether
education has a causal effect on decismakingquality. Therisk choice experimens designed
to differences indecisionmaking ability from differences in constraintend preferencesWe
fielded this instrument or2,700 members of amtiernet paneborn within three years on either
side of the reform date, specifically to measure the impacts of the 1972 reform on eeaikiog.
We study the causal effects ofelmeform bycomparingthe decisiormaking of the preandpost
reform cohortsWhile this identification strategy has been used to good effestiudy the causal
effects of education oather outcomesghis study is the first tprovide evidence on the causal
effect of education odecisionmaking ability

Despite the policy having effects on educatiand educational qualificationand income
(confirming weltknown results of other studies), we find no effects of the policy on decision
making or decisiommaking quality We can rule out that an additional year of scimgaimproves
decisioamaking quality by more than 0.09 of a standard deamati

Previous studies hatbcumente@ssociations between education and decisiaking quality

(Choi et al. 2014) and between education and behavioral anomalies (e.g., Benjamin et al. 2013;
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Stango et al. 2017Pur contribution over these studies is towltthat such correlations do not
hold up inthe specificcausalkettingwe study

To the extent that oursk choice experiments are carried out in the context of financial portfolio
decisions,our work is also related to Cole et al. (2014) and Black e@all§ thatfind that
compulsory schooling changes in the U.S. and in Swereeasd financial market participation
and investments in risky assettore educatedhdividuals whoearnhigherwagesand accumulate
more weah, can afford tosave andnvest moreand mayalsohave access thetterinvestment
opportunities Looking at actuaportfolio outcomes inevitably confoundseseOwealtteffect
with any effects education may hawedecisionmaking abilityand preferenceQurexperimental
methodology isolates the effect of education on decisiaking quality, disentangling it from
changes in underlying conditions or circumstanCes results suggest thttere is no evidence
for causal effects of education on decismaking ability and hence thatealtheffects may well
be the channel via whidhe effects obducation wreappearingn previous studies

Our results contrast witfindings thateducationmprovesperformance icognitiveability tests
(e.g.,Banks and Mazzona 201€arlssoret al. 2015Cascio and Lewis 201%ager et al. 2016;
Gorman 201Y. Although the capacity to make higjuality choices may partly depend on skills
that are captured lihesetess, Choi et al. (204) argue thatlecisionmaking ability and cognitive
abilities are conceptually different constructs and show that empirically a Omeasure of cognitive
ability [performance in the Cognitive Reflection Test] cannot be usedimpke substitute for the
CCEl for the purposes of explaining wealth.O (pg. 1543)

It is important to note that our estimates apply to a specific education reform that took place at
a particular point in time for pupils at a relatively young dge. policymakers and researchers

interested in improving individualsfoices there is still much more that needs to be understood
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about the potential effects of education outside of the context of this specific reform. In particular,
other types of education aurriculum change might well have different effetdassimply an
additional year of high school educatiddur measures areonstructedrom financial choices
under uncertainty, so it is indeed possible that a curriculum targeted to financial capability or
guantitative reasoning amgcisioamaking more generallgould yield different results hinking
about how talesign an education intervention that coultivee better decisiommaking, or indeed
evaluating more targeted education interventions witlamémwork and methods such as we use
here, would both be excellent directions for future research.
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Table 1:Opportunity Sets

Contingent Asset Returns per £1 Invested

A B C D E
Heads Tails Heads Tails Heads Tails Heads Tails Heads Tails

Opportunity Set
1 £2.40 £0.00 £0.00 £0.80
2 £0.00 £1.20 £2.40 £0.00
3 £0.00 £0.80 £3.20 £0.00
4 £0.00 £3.00 £1.50 £0.00
5 £1.60 £0.00 £0.00 £1.60
6 £0.00 £3.20 £0.80 £0.00
7 £3.00 £0.00 £0.00 £1.50
8 £1.20 £0.00 £0.00 £2.40
9 £2.00 £0.00 £0.00 £1.80
10 £0.00 £2.40 £0.80 £0.00
11 £0.20 £1.80 £0.80 £0.00 £0.40 £1.20 £0.00 £2.40 £0.60 £0.60
12 £1.20 £0.50 £0.50 £1.00 £0.00 £2.00 £0.25 £1.40 £1.60 £0.00
13 £0.25 £1.00 £1.50 £0.40 £1.00 £0.60 £0.00 £1.60 £2.00 £0.00
14 £0.30 £0.30 £1.20 £0.00 £0.00 £3.60 £0.30 £2.70 £0.60 £1.80
15 £0.60 £0.60 £1.20 £0.40 £2.40 £0.00 £1.80 £0.20 £0.00 £0.80
16 £0.75 £1.50 £2.30 £0.25 £1.30 £0.80 £3.00 £0.00 £0.00 £2.00
17 £1.20 £0.00 £0.30 £0.90 £0.50 £0.50 £0.00 £1.20 £0.90 £0.10
18 £0.00 £1.20 £0.60 £0.90 £1.80 £0.30 £1.20 £0.60 £2.40 £0.00
19 £1.20 £0.40 £0.40 £1.20 £0.80 £0.80 £0.00 £1.60 £1.60 £0.00
20 £0.25 £2.30 £1.00 £1.50 £2.00 £0.00 £1.30 £0.50 £0.00 £3.00
21 £2.40 £0.00 £1.80 £0.60 £0.00 £2.40 £0.40 £1.80 £1.00 £1.00
22 £1.20 £0.50 £0.00 £1.60 £1.60 £0.25 £0.60 £1.20 £2.40 £0.00
23 £0.80 £1.20 £1.60 £0.00 £0.00 £2.40 £1.00 £0.40 £0.20 £1.80
24 £3.60 £0.00 £2.70  £0.30 £1.80 £0.60 £0.30 £0.30 £0.00 £1.20
25 £0.90 £0.60 £1.20 £0.00 £0.00 £2.40 £0.30 £1.80 £0.60 £1.20

Notes The table shows the return per pound invested (depending on the outcome of the coin toss)
for the different assets.
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Table2N Summary Statistics ddecisionmaking Quality Measures

Percentiles Standard

Mean 25th Median 75th Deviation
GARP -$2.77 -$3.07 -$1.19 -$0.55 $3.87
FOSD -$3.68 -$4.42 -$3.36 -$2.52 $1.93
GARP and FOSD -$4.49 -$5.53 -$2.45 -$1.43 $4.90
Financial competence -$6.61 -$8.80 -$6.09 -$3.97 $3.73
Failure to minimize risk -$3.32 -$4.61 -$0.90 $0.00 $4.91
Decision-making quality index -$4.10 -$5.06 -$3.33 -$2.34 $2.66

Notes This table shows summary statistics of decisimaking quality measures for tiigpre
reformO sample, i.e. those born before September 1 TB&Dutcomes are denoted as negative
values such that higher valu@toser to zero) correspond to higher decisizaking quality. N =

1,416
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A. Education B. Numeracy C. Income

- Cumulative Distribution of GARP Violations by Education - Cumlative Distribution of GARP Violations by Numeracy | - Cumulative Distribution of GARP Violations by Income
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Figure 1: Decisiormaking,Education, Numerécy, and Income
Notes Row 1shows cumulative distributions of violations of the General Axiom of Reve
Preerence (GARP). Row &hows cumulative distributions of financial competemoes 3 the
cumulative distributions of violations tie 1/n heuristiand row 4 theumulative distributions
of default stickinessColumn 1compares cumulative distributions for those with andhouit
a formal qualification, column B for high and low numeracy, and columtawCand high
income.N = 1,375 (Column A), 1,383 (Column B), and 1,106 (ColumnT@E pvalues of
Wilcoxon rank-sum tests are: 0.00 (Panel 18)90 @B); 0.03 (1G; 0.10 (2A; 0.00 (2B);0.23

(2C): 0.08 (3A); 0.01 (3B)0.00 (3C);0.03 (4A):0.00 (4B: and 0.094C).!
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A Cumulative Distribution of GARP Violations by Wealth

————— Renters
Homeowners

$25 -$20 $15 -$10 $5 $0

————— Renters
Homeowners
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|

Figure2: Decisiormaking Quality and Home OwnersHip
Notes The top figure shows cumulative distributions of violations of the General Axiom of
Revealed Preference (GARP). The bottom figure shows cumulative distributithresdecision
making quality inéx. Thereddashed lines show cumulative distributionsremters Theblack
solid lines show cumulative distributions feomeownersN = 1,402 The pvalues of Wilcoxon

rank-sum tests are: 0.05 (top) and D(thottom).
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Figure 3 Fraction Stayed in School until Age 16 by Quarter of Birth
Notes The points show the fraction of study participants in each qugeterof
birth cell that stayed in school until age 16. The vertical dashed line is the cutoff
indicating the first cohortubject to the change in the compulsory schooling law.
The ballsO circumferences correspond to the number of study participants born in

the quartetyear of birth cellN = 2,698.
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Figure 4 Highest Qualification
Notes The figure shows the distribution bfghest qualification, separately for
those born before and after September 1, 1957. The black bars show the distribution
for those born before September 1, 1957. The gray bars show the distribution for
those born after September 1, 1957. The rangegiots 95% confidence intervals
of the difference between those born before and after September INF8,618
for highest qualification distribution. The figure omits lower level vocational and

higher level vocational, which are shown in Table 3.
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Table 3N Impacts of EnglandOs 1972 Compulsory Schooling ChanQeatifications

Mean born After-before
before Sep 1, 1957  difference

Stayed in school until age 16 0.55 0.348
(0.016)***

No formal qualification 0.22 -0.120
(0.014)***

Lower level vocational 0.13 -0.016
(0.013)

CSE 0.04 0.052
(0.010)***

O level 0.22 0.065
(0.017)***

Higher level vocational 0.08 -0.012
(0.010)

A level and higher 0.32 0.031
(0.018)*

Notes This tableshows the estimated effect of the change in EnglandOs compulsory schooling law
in 1972 oreducational attainmerfRobust standard errobgtween parenthesdé= 2,698 (stayed

in school until age 16); 2,618 (for all otheustcomes).
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Pre- and Post-Cumulative Distribution of Gross Personal Income
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Figure5: Cumulative Distributions of Gross Personal Income

Notes The figure shows cumulative distributions of annual Gross Personal Income. The
red dashed line shows the cumulative distribution for those born before September 1
September 1, 1957. The black solid line shows the cumulative distribution for those born

after September 1, 195K = 2,136. The jvalue of a Wilcoxon rarisum test is 0.0107.
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Table4N Differences in Predetermined Characteristit¥hose Borrbefore andsfter 9/1/1957

Mean born before After-before

Sep 1, 1957 difference
Male 0.50 0.005
(0.019)
British white 0.97 -0.009
(0.007)
# of Bedrooms in residence respondent lived at age 10 2.95 0.04
(0.03)
# of People lived with respondent at age 10 5.05 -0.10
(0.08)
Parents unemployed for +6 months when respondent was < 14 0.08 0.015
(0.011)
# of books in place respondent lived at age 10
None or very few (0-10 books) 0.24 -0.003
(0.017)
Enough to fill one shelf (11-25 books) 0.30 -0.014
(0.018)
Enough to fill one bookcase (26-100 books) 0.34 -0.008
(0.018)
Enough to fill two or more bookcases (101 books or ir 0.12 0.026
(0.013)*
Respondent lived for most of his/her childhood with
Both parents 0.87 -0.017
(0.014)
Mother only 0.05 0.007
(0.008)
Father only 0.01 0.002
(0.004)
Other 0.08 0.007
(0.011)
Caregiver's main occupation when respondent was 14
Manager, run own business, professional or technical 0.20 0.024
(0.016)
Admin., clerical, secretarial, caring, personal services, 0.10 0.007
sales or customer service (0.012)
Skilled trade 0.29 -0.026
(0.017)
Machine operator, casual jobs, other jobs 0.27 -0.009
(0.017)
Other 0.14 0.004
(0.014)

Notes This tabletests difference in means of predetermined characteristics between study
participants born before and af@gptember 11957.The first column shows means for those born
beforeSeptember 11957 The second column shows the aftefore difference in mes. N =

2,698 (male); 2,678 (white); 2,595 (# of bedrooms); 2,596 (household size); 2,658 (parents
unemployed); 2,659 (# of books and upbringing); and 2,646 (caregiverOs main occURuziicst).

standard errorbetween parentheses
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Figure6: ExpectedReturnand Portfolio Risk by Quarter of Birth
Notes The circles show the average expected return for each gyeaateof birth cell (averaged
over participants and over budget lines). The Xs show average standard deviation of portfolio

return ly quarteryear of birthN = 2,698. The vertical dashed line is the cutoff indicating the first

cohort subject to the new compulsory schooling law.
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Pre- and Post-Cumulative Distribution of GARP Violations

-$25 $20 $15 $10 35 $0

Pre- and Post-Cumulative Distribution of Financial Competence
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Figure7: Cumulative Distributionsf DecisionMa(king Quality
Notes The top figure shows cumulative distributions of violations of the General Axiom of
Revealed Preference (GARP). The middle figure shows cumulative distributions of financial
competence. The bottom figure shows cumulative distributions of the degiaking quality
index. The red dashed lines show cumulative distributions for those born before September 1,
1957. The black solid lines show cumulative distributions for those born after September 1, 1957.
N = 2,698. The gvalues of Wilcoxon rakrsum tests ared.63 (top); 0125 (middle); and 0.99

(bottom)
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Table5N Effects on DecisiofMaking

Mean born before Reduced Form 2SLS
Sep 1, 1957 Born after Sep 1, 1957  Stayed in school until 1t
Dependent Variable in$ in SD in$ in SD
Portfolio performance

Expected return $37.35 -$0.03 -0.01 -$0.10 -0.04
(0.10) (0.04) (0.29) (0.11)

Portfolio risk $16.29 $0.00 0.00 $0.00 0.00
(0.22) (0.04) (0.62) (0.11)

Decision-making quality

GARP -$2.77 -$0.02 0.00 -$0.05 -0.01
(0.15) (0.04) (0.43) (0.11)

FOSD -$3.68 -$0.12 -0.06 -$0.36 -0.19
(0.08) (0.04) (0.24) (0.12)

GARP and FOSD -$4.49 $0.03 0.01 $0.10 0.02
(0.19) (0.04) (0.54) (0.11)

Financial competence -$6.61 -$0.21 -0.06 -$0.60 -0.16
(0.14) (0.04) (0.41) (0.11)

Failure to minimize risk -$3.32 $0.08 0.02 $0.24 0.05
(0.19) (0.04) (0.56) (0.11)

Decision-making quality -$4.10 -$0.07 -0.03 -$0.19 -0.08
index (0.11) (0.03) (0.31) (0.09)

Behavioral anomalies

Small-scale risk aversion $20.45 $0.02 0.01 $0.07 0.02
(0.16) (0.04) (0.45) (0.11)
1/n heuristic 0.055 -0.005 -0.015
(0.005) (0.015)
Default stickiness 0.097 -0.007 -0.020
(0.006) (0.017)

Notes This table shows estima®f theeffects on decisioamaking The first column shows the
mean of the dependent variable among those born lieéptember 1, 195Forall other columns,

each cell corresponds to a separate regressmomns (2) and (3how reducedorm estimates
where thandependent variable is a dummy for being born after September 1,d@&6iMhns(4)

and (5)show2SLSestimateswhere we use the dummy for being born after September 1, 1957 to
instrument for staying in school until age I6.columns (2) and (4) the dependent variable is in
US dollars. In columns (3) and (5) the dependent variable is in standard deviatioN ar{698.

Robust standardrrorsin parentheses
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Table6N Robustneds

Effect of one additional year of schooling (2SLS)

Dependent Variable in SD
Portfolio performance

Expected return -0.04 -0.05 -0.04 -0.04 -0.19
(0.11) (0.11) (0.18) (0.16) (0.17)
Portfolio risk 0.00 -0.01 -0.01 -0.01 -0.17
(0.11) (0.11) (0.18) (0.16) (0.17)
Decision-making quality
GARP -0.01 -0.03 0.23 0.23 0.30
(0.11) (0.11) (0.18) (0.17) (0.16)*
FOSD -0.19 -0.21 -0.06 -0.06 -0.08
(0.12) (0.12)* (0.19) (0.16) (0.17)
GARP and FOSD 0.02 0.00 0.13 0.13 0.18
(0.11) (0.11) (0.17) (0.15) (0.16)
Financial competence -0.16 -0.17 0.13 0.13 0.25
(0.11) (0.11) (0.18) (0.21) (0.24)
Failure to minimize risk 0.05 0.03 0.09 0.09 0.09
(0.11) (0.11) (0.18) (0.17) (0.19)
Decision-making quality -0.08 -0.09 0.10 0.10 0.14
index (0.09) (0.09) (0.14) (0.13) (0.14)
Behavioral anomalies
Small-scale risk aversion 0.02 0.03 0.08 0.08 0.22
(0.11) (0.11) (0.19) (0.15) (0.14)
Control predetermined vars. X X X X
Linear functions of DoB X X X
Cluster at month-year of birth X X
Month-of-birth fixed effects X

Notes This tableassesses the sensitivity of the results shown in BaBlach cell corresponds to

a separat@SLSregressionwhere we use the dummy for being born after September 1, 1957 to
instrument for staying in school until age D&pendent variable in standard deviation uistsd

on the rows See text for explanatisrabout different specifications. Missing values fbe
predetermined variables were replaced by zerspscifications includedummies forthese
missing valuesN = 2,698. Robust standard erranscolumns 13. Standard errors clustered at

monthyear of birth in columns-8.
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