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Abstract
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Introduction

Most of us have found ourselves in a supermarket
after a long day of work, loading up the shopping
cart with massive amounts of food and other items.
Later on, when we unload the items at home, we
wonder what we must have been thinking in the supermarket. Similarly, many people regularly experience themselves lying on the couch with an overfull
stomach, regretting having indulged in an all-youcan-eat buffet a couple of hours before. In these
and many other situations of everyday life, people
behave as being of "two minds": On the one hand,
they feel tempted by immediate gratification, while
on the other hand they want to pursue long-term
goals.

We empirically test the predictions of a simplified version of the dual self model as developed by
Loewenstein and O’Donoughe (2004) in an experimental setup. In this model, individual behavior is
seen as the result of interaction between two "selves"
- a deliberative, rational self focused on long term
goals and an affective self that is only interested
in immediate gratification after evaluating alternatives through simple heuristics. In order to test the
model, we exogenously reduce the role of the former using willpower depletion and evaluate whether
this leads to the predicted change in behavior. We
elicit discount rates and attitudes towards risk from
a sample of 54 individuals and find (1) in the case
of risk preferences, the treatment results in greater
risk aversion as predicted by the model, and (2) in
the case of time preferences, we find no effect.

There is a rising view in contemporary psychology
that individuals’ behavior is determined by two type
of processes [see, for example, Evans, 2008, Kruglanski and Orehek, 2007]. Many models have been proposed, but the commom denominator seems to be
that one type is of automatic nature and affective
based, while the other is controlled and deliberative,
which mainly envelopes the concept of rationality
extensively used in economics. Strongest support
comes from relatedness of deliberative processes,
which are characterized as slow, efortfull and of
limited capacity, with evidence on working memory
[e.g., Baddeley, 2003]. Also, in social neuroscience
fMRI studies find that usage of different processes
is related to the activation of different brain areas
– deliberative processes with the prefrontal cortex,
and affective processes to the midbrain [e.g., Lieberman et al., 2002]. In spite of gaining popularity for
explaining all sorts of behavioral findings, this approach has no lack of critiques. One of the first ones

Keywords: Self-control, Dual self theories, Time
preferences, Risk preferences

This working paper is a result of a project done as a partial fulfillment of the master of research degree in economics
at the University Pompeu Fabra and is largely built on the
master thesis that came out of it. All three authors contributed equally to the paper. We are grateful for the help
received from the faculty regarding conducting the experiment. Special thanks are due to Rosemarie Nagel for helpful
discussions and comments on earlier drafts. It goes without
saying, all errors are our own. Correspondence concerning
this article should be addressed to Hrvoje Stojic, Universitat Pompeu Fabra, Department of Economics and Business,
Ramon Trias Fargas, 25-27, 08005 Barcelona, Spain. E-mail:
hrvoje.stojic@upf.edu.
∗

1

was by Newell [1973], who critisized dichotomic approach in modeling in general, that it grossly oversimplifies real nature of the phenomena and does
not produce any gain in knowledge. More recent
critiques accuse it of being good only as a post-hoc
explanation and for its lack of theoretical consistency [Kruglanski and Gigerenzer, 2011]. Keren and
Schul [2009] present extremely convincing argument
against dual system approach, that it fails essential
requirements for constituting systems. Each system’s characteristics should be of discrete nature,
characteristics of one system should be highly correlated among each other and not correlated with
characteristics of the other system, and finally that
systems should be independent, one system cannot
be an input to another. In this paper we refrain from
taking a stance on this debate and seek to evaluate
usefulness of such approach in the context of time
and risk preferences as used in economics. Particularly insightful formalizations of dual process idea
have appeared recently in economic literature, one
by Loewenstein and O’Donoghue [2004] and second
by Fudenberg and Levine [2006]1 . Since their mathematical structure offers valuable and clear insights
into the interaction of these processes and offer several testable predictions, we decided to restrict our
attention on these models. We focus on Loewenstein and O’Donoghue [2004] model as it seems to
be fitting the literature from psychology to a greater
extent.

We believe that effects of this kind of model should
be most evident in risk and time preferences, as
the anomalous findings in this literature have been
thought to be stemming from a struggle between
two opposing types of processes in one body [e.g.,
Frederick et al., 2002]. Since in this context the
model predicts that usage of different systems leads
to opposite effects, we use risk and time preferences as an area with a clearcut falsification strategy. Key ingredient in this approach is ability to
experimentally affect the willpower. For this reason we are particularly interested in factors that
diminish willpower, a phenomenon known in psychology as self-control or willpower depletion [e.g.,
Baumeister et al., 2008]. As we illustrate in more
details below, translated to the domain of time preferences, the model predicts that willpower depletion should decrease the amount of willpower available for the subsequent decision task and therefore
diminish the involvement of the deliberative system. This in turn leads to more impulsive decisions driven by the short-sighted affective system,
which we should be able to measure in the form of
a higher discount rates. Analogously, in the domain
of risk preferences, the model predicts that in a wide
range of settings, an increase in the weight attached
to the affective system will result in a higher degree of (measured) risk aversion. Loewenstein and
O’Donoghue [2004] argue that the affective system
cares more about outcomes and less about probabilities, and moreover, that it exhibits a certain
degree of loss aversion. Therefore, our hypothesis is that willpower depletion, and thus, attaching
more weight to the affective processes should lead
to higher risk aversion. The decision maker is likely
to shy away from potential losses and put up with
low paying, but safer options.

Surprisingly enough, although it has been several
years since these formal models of the dual system
have appeared, most of their predictions have not
yet been tested empirically. In Loewenstein and
O’Donoghue [2004] model, the decision maker is
seen as making a compromise between the urges of
an affective and a deliberative system. These two
systems have different and often conflicting goals.
The preferences of the decision maker then depend
on the weight that she attaches to the affective system. This weight, in turn, is seen as being dependent, among other things, on willpower – the higher
the willpower of the agent, the lower the weight she
attaches to the urges of the affective system.

The rest of the paper is organized as follows. We
present theoretical framework and related findings
in the next section. Section 3 briefly describes our
experimental design. The experimental results are
presented in section 4 and section 5 concludes.
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Similar models along the same lines have been proposed
by Benhabib and Bisin. [2002] and Bernheim and Rangel
[2004]

The Dual System Framework

1

Loewenstein and O’Donoghue [2004] characterize
decision problems by a set of alternatives, X , given
2

the current state of willpower, W . Decision makers
are modelled as trading off the (often contradicting) goals of a "deliberative system" and an "affective system". The deliberative system (which we
will index by D) ranks the alternatives according to
a preference relation, D , that can be represented
by U D while the affective system (indexed by A)
has a different ranking, A that can be represented
by U A with bliss points that are defined by xD ≡
arg maxx∈X U D (x) and xA ≡ arg maxx∈X U A (x),
respectively. To make things interesting, the rankings of alternatives differ and we assume xD 6= xA .
Moreover, we assume that we can give the utility
functions of the two systems a cardinal interpretation. The decision maker then aggregates these two
preferences in a way similar to a social welfare functional. We assume that this aggregation process can
be summarized by the following utility function
U (x) = U D (x) + h(W ) · U A (x)

2.1

Time Preferences

In the domain of time preferences, the set X is
in general given by X × T where X is the space
of outcomes (here X ⊂ R2+ ) and T ⊂ R2+ is
the timing of the rewards, a typical element of
X being ((x1 , t1 ), (x2 , t2 )). We follow Loewenstein
and O’Donoghue [2004] and make the simplifying
assumption that the deliberative system is perfectly far sighted and does not discount the future at all, while the affective system only cares
about the earlier reward. Moreover, we assume
the deliberative system to have time preferences
adhering to the standard axioms, i.e. apart from
rational preferences, we also assume separability
across time and separability between time and outcomes2 – U D (((x1 , t1 ), (x2 , t2 ))) = u(x1 )+u(x2 ) and
U A (((x1 , t1 ), (x2 , t2 ))) = u(x1 ), which the decision
maker aggregates in the following (additive) way:

(1)

U (((x1 , t1 ), (x2 , t2 ))) = U D + h · U A

where h(W ) ≥ 0 represents the weight that the decision maker attaches to the affective system and
we assume that it is a decreasing function of the
current state of willpower, W . In what follows we
will suppress the argument of the function h, with
the understanding that a higher h corresponds to a
lower state of willpower W and vice versa.

(2)

= (1 + h)u(x1 ) + u(x2 ) (3)
If we assume h > 0 (the affective system always enters the considerations) and allowing for possibility
that the deliberative system exhibits positive discounting, we find that

Willpower, W , in turn is sensitive to outside factors,
such as cognitive load and stress, as well as decisions per se. For a dynamic setting, Loewenstein
and O’Donoghue [2004], postulate that willpower
replenishes at a certain rate after being depleted.
This assumption allows for interesting choice settings and scenarios where an economic agent facing
the same set of alternatives twice, could very well
make two different choices corresponding to two different states of willpower. Coming back to our introductory example of the hungry economic agent
shopping in a supermarket, we can expect her making more impulsive purchases, buying more greasy
and bigger bundles of food when doing the shopping tired after work than doing the shopping well
rested, on a Saturday morning.

U (((x1 , t1 ), (x2 , t2 ))) = u(x1 ) +
= u(x1 ) +

1
1+h u(x2 )
δD
1+h u(x2 )

= u(x1 ) + δu(x2 )

(4)
(5)
(6)

which is observationally equivalent to observing a
discount rate, ρ ≡ 1δ − 1 that is higher, the lower
the state of willpower, W .

2.2

Risk Preferences

In the domain of risk preferences, X is a set of lotteries. We assume the deliberative system to be a
Separability across time essentially precludes intertemporal complementarities (a necessary and sufficient condition being the so-called "double-cancellation" or Thomson
condition), while separability between time and outcomes
means that the way time enters the consideration is irrespective of the outcomes [e.g., Ok and Masatlioglu, 2007, Fishburn
and Rubinstein, 1982]
2

In this paper, we will specifically analyze choices
over dated outcomes and over gambles. We consider
them in turn.
3

standard expected utility maximizer, while the affective system follows some simple heuristic. The
heuristics we are going to elaborate on are the maximin heuristic and equal probability measure heuristic.

U (L) =
=

N
X
i=1
N
X
i=1

pi u(xi ) +

N
X
1
i=1

N

u(xi )

(8)

N
X
h + N pi
u(xi ) =
qi u(xi ) (9)
N (1 + h)
i=1

Maximin For the Maximin approach, the deliberative system evaluates lotteries according to their
expected utility, U D (L) = E(u(L)), while the affective system uses the maximin criterion, U A (L) =
minx∈Supp(L) {u(x)}, where Supp(L) = {xi |p(xi ) >
0} denotes the support of lottery L. The latter
can be seen as infinite risk aversion3 . The decision
maker then aggregates these to:

so that the decision maker is effectively using the
particular probability weighting function, qi (h) =
h+N pi
N (1+h) , which can be seen to result in less dispersion among the subjective probabilities, compared
to the objective ones - i.e. probabilities are concentrated around N1 . In the case of our experiment with
N = 2 this means that for a risk averse person (in
the vonNeumann/Morgenstern sense), we will systematically overestimate her coefficient of relative
risk aversion. Conversely, we will underestimate the
U (L) = E(u(L)) + h · minx∈Supp(L) {u(x)} (7) coefficient for risk-loving people. However, as we can
expect many more risk averse than risk loving people [Holt and Laury, 2002], the net effect is likely
Suppose that the agent faces a choice over two lotto be an overestimation of the coefficient of relative
teries. Lottery A is characterized as being a relarisk aversion.
tively riskless lottery with two similar prizes while
lottery B is characterized as being more risky, with To illustrate this, suppose that a participant deone very high and one very low outcome. There- clares herself to be indifferent between lottery A
fore, lottery A becomes more and more attractive (€900,0.9; €800) and lottery B (€1925,0.9; €25) and
compared to lottery B the higher h is. And thus, an has a reported income of €900. We then calculate an
increase in h is observationally equivalent to an in- implied coefficient of relative risk aversion (CRRA)
crease in r, the coefficient of relative risk aversion: of around 3.8. However, if she puts weight on her
Participants will require a relatively high probabil- affective system, which follows the above heuristic,
ity mass on the high reward to be willing to switch of h = 1.75, then she acts as if she was indifferent
between lotteries lottery A’ (€900,0.8; €800) and
to the risky lottery.
lottery B’ (€1925,0.8; €25), which would have lead
us to calculate, r ≈ 2.5. Therefore, a subject with a
Equal Probability Measure Analogously to an true CRRA of 2.5 and an h of 1.75 will be indifferaffective system evaluating alternatives using the ent between lotteries A and B but will prefer lottery
maximin-criterion, Loewenstein and O’Donoghue A’ over lottery B’, which in any revealed preference
[2004] discuss the idea of an affective system be- experiment will lead the experimenter to calculate
ing completely agnostic about the probabilities of a CRRA of 3.8.
To sum up, we expect that when more weight is attached to the affective system (i.e. h is increasing),
the agent is more likely to choose the safer option,
pushing the decision maker towards a higher measured degree of risk aversion4 .

the lottery. That is, instead of weighting outcome
i with probability pi , the affective system weights
the outcome with 1/N , where N is the number of
possible outcomes. Assuming the deliberative system to be a standard expected utility maximizer,
U (L) = Eu(L) + h · Eu(L1/N ), we find that

"More risk averse" is defined in the usual way: "The preference relation 1 is more risk averse than 2 if for any lottery p and degenerate lottery c, p 1 c implies that p 2 c"
[Rubinstein, 2010]
4

3
Indeed, with CRRA utility, the expected utility function
converges to a Leontief utility function as r → ∞

4

findings to primary rewards (e.g. juice) instead of
money, and use shorter delays (minutes) rather than
longer delays (weeks).
Concerning risk preferences, several studies have examined the role of the amount of available cognitive resources. In a laboratory experiment Benjamin
et al. [2006] show that reducing cognitive resources
tends to increase small-stakes risk aversion. In her
doctoral dissertation Hart [2005] examines the role
of cognitive resources in risk preferences and finds
that adults (but not children) rely more on automatic, emotion based responses when under cognitive load. Whitney et al. [2008] study framing effects and cognitive load, they confirm the existence
of framing effects and find that under cognitive load
participants tend to choose less risky gambles. Interestingly, this happened regardless of the frame
– in both gains and losses. In addition, they have
found that decisions were made more rapidly in positive frames and under cognitive load.

Figure 1: Implied rates of risk aversion for different
levels of h for the lottery described in the text.

2.3

Related Findings

In the last couple of years, some empirical studies
directly or indirectly tested dual self models with
respect to time and risk preferences. Most of these
studies examine the effect of cognitive load (i.e. exogenous increase of h) on decision making. Cognitive load is usually operationalized by having participants doing two tasks at the same time: For
instance, one task is a working memory task (e.g.
memorizing a sequence of digits), while the other is
a decision task.
With respect to time preferences, support for the
model’s predictions can be found in results of the
study of Hinson et al. [2003]. The authors examined how cognitive load (which is likely to influence
the state of willpower in a negative way) affects the
discounting of money. The results were that higher
cognitive load lead to greater discounting of delayed
monetary rewards. On the other hand, there is also
evidence that cognitive load does not lead to more
impulsive behavior. Franco-Watkins et al. [2010] report that taxing working memory by cognitive load
is neither necessary nor sufficient to produce impulsive decision making; instead, it just seems to
result in an increase in the number of inconsistent
choices. Furthermore, the field of neuroscience has
seen several papers that support the dual system
model in inter-temporal setting, for example McClure et al. [2007] building on prior work [McClure
et al., 2004], where they show that emotional brain
structures are more active when immediate reward
is available, while deliberative brain structures are
active in general and are not sensitive to immediate rewards. In later research they extend these

One interesting finding that supports the predictions of dual system models as well, comes from Masicampo and Baumeister [2008], who find a way to
influence willpower capacity, W , in a positive way
– by supplying participants with glucose in a random way. With more glucose (the energy source
of the nervous system) in their system, participants
seemed to rely less on affective-based judgments and
heuristics. Moreover, they find that glucose positively affects the replenishment rate of W when it
is depleted.

2.4

Willpower Depletion

As we stated, the crucial part of our test is ability to
reduce the willpower in participants. We use a procedure called willpower depletion, which depletes
the limited willpower resources of subjects by having them regulate their automatic responses. This
approach was first developed by John R. Stroop in
1935. For example, the word "yellow" is shown in the
color green to a subject, who has to name the color
of the word. The automatic response is to read the
word, i.e. answer "yellow" and therefore, the subject
has to exert an effort to suppress this automatic response and correctly answer "green". Loewenstein
and O’Donoghue [2004] argue that depletion, along
5

with factors such as cognitive load5 and stress, undermines the deliberative system (i.e. cost of mobilizing willpower h increases). There are no studies
that confirm the supposed effects of willpower depletion on time and risk preferences. The concept
of willpower depletion stems from an extensive literature in psychology [see, for a review, Baumeister et al., 2008]. Past research mostly investigated
willpower depletion in relation to subsequent selfcontrol and impulsive actions. One more economically relevant example is the research of Vohs and
Faber [2007], who find that participants whose resources were depleted felt stronger urges to buy,
were willing to spend more, and actually did spend
more money in unanticipated buying situations. For
operationalizing willpower depletion various methods are used – from self-regulation tasks [e.g. by
controlling the emotional expression, in Vohs and
Heatherton, 2000] to actually making choices [e.g.
choosing between courses for the next academic year
versus just rating some products, in Vohs et al.,
2008]. In our experiment, we use the approach used
by Baumeister et al. [1998], since it suits the best
our experimental design and method of collecting
the data.

our experiment were randomly assigned to one of
the two experimental conditions – willpower depletion (treatment group) and no depletion condition (control group). The independent variable is
willpower depletion, while the dependent variables
are the discount rate and the attitude towards risk
(measured as the coefficient of relative risk aversion).
Depletion Treatment.
In this paper we use
a method for depleting willpower used in Baumeister et al. [1998], which is a version of a Stroop task
that involves willpower in a way that a person must
override her normal or automatic responses and conform to standards [Stroop, 1992]. Each subject was
given a page of text (a page from an advanced statistics book) and told to cross off all instances of the
letter "e". People can learn to do this easily and
quickly; and they become accustomed to scanning
for every e and then crossing it out. For the subjects assigned to the depletion condition (treatment
group), the task was made substantially more difficult, requiring them to cross off letter "e" only if
further conditional rules applied – if it was not adjacent to another vowel or one extra letter away from
another vowel (thus, one would cross the first, but
not the second "e" in "describe"). On the other hand,
participants in the no depletion condition (control
group) had to cross off every single "e" with no further rules. Subjects in depletion group would presumably scan for each "e" but would have to override the response of crossing it out whenever any of
those criteria were met. Their responses thus had to
be regulated according to multiple rules, unlike the
others who could simply respond every time they
found an "e". The assumption is that consulting the
complex decision rules and overriding the simple response would deplete the willpower capacity, unlike
the simpler version of the task. In addition, to raise
the subjects’ effort, they were informed that for each
mistake in the task €1.5 will be deducted from their
reward, if they will be chosen for the reward.

Collecting the predictions of the model, as well as
the existing empirical evidence, we are going to test
the following hypotheses in the present paper. First,
we expect that subjects in the treatment group,
whose willpower was previously depleted to have
significantly higher discount rates in inter-temporal
choices. Second, for risk preferences, the dual self
model predicts subjects with depleted willpower to
exhibit a higher degree of risk aversion.

3

Experimental Design

In order to test our hypothesis, we follow an experimental approach where we use a two-group posttest-only randomized experiment. The subjects in
It is important to note that willpower depletion and cognitive load are not the same concept, although to some extent
they do overlap. Cognitive load is mostly related to working
memory (represents resource we have to actively operate with
information, e.g. in arithmetic calculation), while willpower
depletion tasks tap partly into the working memory, but also
to some other brain structures involved in deliberative processing [e.g. Richeson et al., 2003].
5

The original Stroop task would probably have a
stronger depletion effect, but is less suitable for paper & pencil experiments conducted in classrooms,
which is used in our case. Exact copies of depletion
and no depletion condition used in our experiment
6

by a table with 10 binary choices between two lotteries (say, A and B). Payoffs are the same throughout
the table, but probabilities change in a way that the
difference in the expected values (EV) of lotteries A
and B is large and positive in the first row and goes
to large negative value in the last row. In short, option A is a safer option in the sense that payoffs of
the lottery are more similar. The logic behind this
test for risk aversion is that only risk loving subjects
would take lottery B in the first row, and only riskaverse subjects would take lottery A in the 9th row.
A risk-neutral subject should switch from choosing
A to B when the EV of each is about the same, so
a risk-neutral subject would choose A for the first
four rows and B thereafter.

are available on request.
Eliciting Discount Rates and Risk Aversion
With respect to eliciting discount rates and risk
aversion, we follow the design of Andersen et al.
[2008], who elicited those jointly in the case of
the Danish population by using the “Multiple Price
List” (MPL) format.
In our experiment, in order to elicit time preferences, we use preferences we use the procedure designed by Coller and Williams [1999] and expanded
by Harrison et al. [2002]. Subject were asked to respond to six discount rate tasks. Each discount rate
task was represented by a payoff table with 15 symmetric intervals which consider a certain time horizon. Each of the 15 rows of the table consist of two
options, A and B, and subjects had to choose one.
For example, option A offers €800 today and Option B offers €800+x in six months, where x ranges
from a return of 5% to 75%. As we increase x we will
expect more individuals to take the future income
option. Assuming risk neutral subjects, the point
at which each individual switch from choosing the
Option A to the Option B provides an interval on
their discount rate. In three of the tasks (Set I –
without front end delay), the earlier payment option (A) was an immediate outcome, while in the
other three tasks (Set II – with front end delay) the
earlier payment was to occur in one month. This
feature has been chosen in order to obtain a measure of the “present bias” within and between the
treatment/control groups. In each set of the tasks,
tasks were equivalent in terms of discount rates, but
they differed in terms of time horizon. We considered three different time horizons: one month, six
months and 12 months. This multiple-horizon treatment, considered by Harrison et al. [2002], was replicated in both Set I and Set II. The switching point
in each of the six tasks enable us to infer the time
preferences of the subjects. It is important to stress
that since our experiment uses hypothetical payoffs,
question of transaction costs related to cashing the
future reward is not relevant.

Participants The subjects in the experiment
were 54 graduate students (30 male, 24 female), all
of which are participants of several master programs
in economics at the Barcelona Graduate School of
Economics (Universitat Pompeu Fabra). Average
age is 25 years and 50% of participants already have
a master degree.

Procedures The sessions were conducted in the
classrooms directly after the subject’s lectures.
Professors and students were notified in advance
and asked for participation. In a personalized
notification e-mail, the topic of the experiment
was presented as “...research in economic decisionmaking...” and they were not told anything specific
about the experiment. In the same e-mail they were
notified about the possibility to win substantial reward for the participation. Data were collected in
six group sessions, using paper-and-pencil method.
Each session lasted for about 40 minutes. The experimenter gave a brief oral instruction to the subjects, the information about the possibility to get
rewards for the participation and said that all the
necessary instructions are provided for in the questionnaire. In addition, if subjects had any further
questions they were instructed to raise their hand
and the experimenter would come and answer their
Following the same design, in eliciting risk prefer- question in private. Participants did not know that
ences we use procedure developed by Holt and Laury there are two different groups with slightly different
[2002]. Each subject was asked to respond to four questionnaires.
risk preference rate tasks. Tasks were represented The questionnaire itself consisted of instructions
7

and five parts. The first part consisted of a question measuring tiredness and two small personality questionnaires measuring attitudes toward risk
and impulsivity – the Impulsive Sensation Seeking
scale from Zuckerman-Kuhlman Personality Questionnaire [ImpSS, Zuckerman et al., 1993] and the
Brief Sensation Seeking Scale [BSSS-4, Stephenson
et al., 2003]6 . These questionnaires were put mainly
to mask the tiredness question, which serves as a
manipulation check. Second part of the questionnaire was the most important for the study since
it involved manipulation of independent variable –
the depletion task. This part was the only difference between the treatment and control group. We
followed the willpower depletion used in Baumeister et al. [1998], as described in a depletion treatment above. In part three and four of the questionnaire we elicited time preferences jointly with risk
preferences, following closely the design of Andersen et al. [2008]. In brief, each subject was asked to
respond to four risk aversion tasks and six discount
rate tasks. Each such task involved a series of binary choices, 15 in discount rate task and 10 in risk
aversion task. Before the real tasks, subjects were
provided with several examples. Thus, each subject
typically provided 130 binary choices that can be
used to infer time and risk preferences. In fifth part
subjects had only a small socio-demographic questionnaire, and more importantly, questions related
to their expenditures, level of tiredness and concentration needed for the depletion task in part two.

which raises the question of reliability of the subjects’ responses. However, the results of Coller and
Williams [1999] are encouraging, since they find that
the difference between hypothetical and monetary
incentivised experiment with respect to discount
rate elicitation is small in magnitude – elicited discount rates are higher when there are no financial
incentives. Moreover, they used the same method
(MPL format) for eliciting discount rates. Secondly,
for feasibility reasons the experiment was conducted
in classrooms by paper & pencil method, instead on
the computers in the laboratory. Classrooms experiments come with less control over the experimental
conditions, it is more difficult to guarantee perfect
symmetry between sessions in terms of distributions
of individuals on the classroom, number of subjects
in each session and the time of the session. Thirdly,
since we do not provide show-up fees, to increase
the participation rate we decided to conduct the experiment with graduate students in economics. Although this increased the participation, it potentially influenced the results. We come back to this
point in the results section. Finally, our sample suffers from self-selection bias. On the one hand, people of certain characteristics are offered the opportunity to study a graduate program. On the other
hand, only students of certain characteristics would
decide to participate in the experiment on a voluntary basis. While we might argue that the former
skews the results in a predictable way, for the latter
is difficult to argue the direction. Even though a
Decision tasks were not incentivised, and therefore possible self-selection bias poses a serious problem
were of hypothetical nature. In order to stimulate for the external validity, the internal validity should
participation in the experiment, four participants not be affected.
(ID number of their questionnaire) out of 60 were
chosen randomly and rewarded with €30. At the
end of the questionnaire subjects were given the in- 4 Results
formation where the results of the draw will be published and where they would be able to collect the Randomization tests. The first step in our data
analysis is to conduct a randomization test. That is,
reward.
we check for significant (partial) correlation between
the treatment variable and socio-demographic charWeaknesses. We have already highlighted the acteristics. To be more precise, we use the informacontributions of this experiment relative to pre- tion collected at the beginning of the questionnaire –
vious studies. We now discuss its weaknesses. results in the BSSS-4 and the ImpSS scales, and sevFirstly, decision tasks were of hypothetical nature, eral variables at the end of the questionnaire – age,
6
We are grateful to the authors for the permissions to use gender and the education level. Even though we
collected more information at the end of the questhe scales.
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depletion condition (mean=16.85) reported having
had to concentrate on the task of crossing off the
e’s significantly more than subjects assigned to
the no depletion condition (mean=13.4) (Wilcoxon
rank-sum test: p = 0.0161). A further check
on effectiveness of the depletion treatment was
supplied by having subjects rate their level of
tiredness at the beginning of the experiment and
at the end of the experiment. The difference in
tiredness seems to increase more for the subjects in
the depletion condition (mean=1.27) than for the
Table 1: Randomization test: OLS regression on subjects in no depletion condition (mean=0.52),
treatment indicator variable
but not significantly so (Wilcoxon rank-sum test,
p = 0.2003). The result for tiredness seems to
Treatment group
be conflicting with the result for concentration,
Coeff.
S.E.
t
P>|t|
but since both questions are proxies, this does
not necessarily mean that the depletion treatment
Age
.013
.031
0.41
0.684
did not have an effect. However, this does pose a
Gender
.053
.148
0.36
0.722
concern and we will have to take into account the
Years of
possibility that the treatment was not as strong as
educa-.001
.049
-0.02
0.983
intended.
tion
tionnaire, we used only the information that should
not have been influenced by the treatment. As a
randomization test we ran an OLS regression on
the treatment indicator variable. We present the
results from the regression in the Table 1. We cannot reject the null hypothesis of zero correlation for
any of the above mentioned factors, which leads us
to conclude that the randomization has worked and
we can proceed with the analysis of the (depletion)manipulation check.

BSSS-4
ImpSS

.005
.009

.013
.023

0.38
0.40

0.708
0.688

In the remainder of this section, we will first check
for consistency in the choice patterns. Then, we
Observations N=54; *** p<0.01, ** p<0.05, * p<0.1
turn the issue of eliciting discount rates and rates
of risk aversion from the subjects’ choices. Afterward, we estimate treatment effects both nonManipulation
Check. Direct
verification parametrically and parametrically, and discuss the
whether depletion treatment has the intended results. Lastly, we discuss alternative explanations
effect is possible only with using a neuroimaging and limitations of our results.
method. Many studies checked with fMRI (functional magnetic resonance imaging) what brain
structures Stroop and similar tasks involve, with Consistency Checks. In the context of risk
the result that various regions in the prefrontal tasks, being consistent means to choose the safer
cortex (regions related to the deliberative system option (A) till the point you are indifferent be(A) and the alternative, the more risky option
in our model) are more active during such tasks tween
7
[e.g., Milham et al., 2003]. Such tools for verifying (B) . More importantly, consistent agents would not
depletion treatment were unfortunately not at our switch back later to the safer option. Equivalently,
disposal. However, an indirect verification is always in the context of time preference tasks, consistent
possible: Following Baumeister et al. [1998] we agents will choose the earlier reward (A) till the
included several questions into the questionnaire point they 8become indifferent to the later, larger
that served as a proxy for the depletion treatment reward (B) . In general, lack of consistency is a
verification. In the socio-demographic part, at usual concern when using MPL format to elicit prefthe end of the experiment, we asked subjects how erences, because having more than one switching
much they had to concentrate in the depletion point makes inferring subjects’ preferences less retask. The main assumption was that subjects in liable (for example, Holt and Laury [2002] report
depletion condition have to exert more effort and
7
Assuming monotonicity of the preferences in prices.
8
willpower, and therefore will have to concentrate
Assuming monotonicity in timing (negative) and prices
correspondingly harder. Subjects assigned to the (positive).
9

that 13% of subjects make inconsistent choices). We reporting non-parametric and parametric analysis
find no inconsistent subjects in our sample, which of time preference results.
we speculate is an advantage of using the graduate
Figure 2: Graphical display of the treatment effect
students as subjects.
over time and risk preferences
To get a raw overview of the treatment effect over
time and risk preferences, we plot the proportion of (a) Proportion of safer choices in each decision in
safer or earlier responses against each row decision risk tasks
in time and risk tasks. Since we have consistent
subjects, the total number of safer (in case of risk
tasks) or earlier (in case of time tasks) choices (A)
could be used as an indicator of risk aversion and
impatience. Figure 2a displays the proportion of A
choices for each of the ten decisions subjects took in
each of the four risk tasks. The dashed line shows
the predictions under an assumption of risk neutrality. More precisely, following the expected value
difference of each pair of lotteries (A-B is positive
in the first four decisions), a risk neutral agent will
choose the safe Option A in the first four decisions,
(b) Proportion of earlier rewards in each decision
and Option B in remaining decisions. Both control in time tasks
and treatment series in Figure 2a lie right to the
risk-neutral prediction, showing a tendency toward
risk-averse behavior. Furthermore, this figure also
shows that subjects in the treatment group choose
safer option in greater proportion, which indicates
that there might exist a treatment effect over risk
aversion.
Similarly, Figure 2b shows the results for the time
preference tasks. The higher proportion of A choices
the more impatient subjects are. Unlike in risk
tasks, here we do not have a natural reference frame,
we can compare the difference in impatience between the treatment and control group. This figure is a first indication that depletion treatment
did not have an intended effect on the time preference. When time preferences are examined with
taking into account the nature of time preference
tasks – with and without front-end delay, the result stay roughly the same. It appears that there is
very little difference between time preference tasks
when subjects consider immediate rewards versus
larger delayed reward and when subjects consider
two distant rewards, one sooner and one later but
larger. This is an evidence against the prediction of
Loewenstein and O’Donoghue [2004]. There are several possible explanations for this pattern of behavior and we examine them in more detail later, when

4.1

Parametrization and Identifying Assumptions

In order to arrive at testable predictions, we have to
impose more structure on how we model time and
risk preferences. First, for risk aversion, we assume
that the static (Bernoulli-)utility function is of the
CRRA family, i.e.
(

u(x, r) =

x1−r
1−r

log(x)

if r 6= 1
if r = 1

(10)

Second, we make an analogous choice about the
parametrization of the discount function. On top

10

of the assumptions made in Section 2 we also assume that stationarity9 holds. Then, we can represent the agent’s time preferences as in the standard
discounted utility model:
U (x, t) =



1
1+ρ

t

u(x)

(11)

In what follows we will also make the identifying
assumption that subjects consume the outcomes at
the very point in time when they are paid out. This
explicitly rules out behavior of the following kind.
Suppose a decision maker chooses (100, now) over
(102, one year). However, she is not consuming the
€100 now, but rather investing it in bonds, say,
yielding a return of around 10%. An asset of this
kind would censor discount rates at 10%. Effectively, we have chosen parametrizations that allow
us to condense attitudes towards time and risk in
only two parameters, ρ and r, respectively.
From the discussion in section 2 it should be clear,
that we will not be able to measure h, the weight attached to the affective system, directly. Given that
the treatment is randomly assigned across the sample, it is justified to assume that before the depletion
treatment, both groups exhibit the same attitudes
towards time and risk. This allows us to estimate
the effect of h on time and risk attitudes. We stress
that we are not estimating the structural model embedded in equations 6 and 7, but rather infer the
change of h induced by a change in W indirectly,
from estimating the change in ρ and r, respectively.

4.2

For each participant, the survey provides us with
data on 4x10 choices between two lotteries each.
There are now at least two ways to go about inferring the coefficient of relative risk aversion of each
person from his or her choices: Estimating a binary
choice model or calibration.
The first approach, followed for example by Andersen et al. [2011], is to set up a non-linear logit model
from an additive random utility specification. On
top of the utility an agent derives from choosing
a lottery, we add a lottery-specific error term such
that
Va ≡ V (xa , ya , p, r) ≡ U (xa , ya , p; r) + a (13)
If person i now declares that in table t, row j she
prefers lottery Patj to lottery Pbtj , then given our
assumptions, we conclude that it must be the case
that 10

Patj  Pbtj ⇔ Va > Vb
⇔ Ua (ri ) − Ub (ri ) > b − a (14)
If we assume a to be independent from b and
that both follow the type I extreme value distribution, then, given Ua (ri ), Ub (ri ), the probability that
the event Patj  Pbtj occurs can be shown to be
[Cameron and Trivedi, 2005, p.475]:
exp(Ua (ri ))
exp(Ua (ri )) + exp(Ub (ri ))

Risk Aversion

First, we turn to the issue of estimating the
the coefficient of relative risk aversion, r.
If
we are willing to assume that the standard vonNeumann/Morgenstern assumption on preferences
over lotteries hold, then we can represent these preferences by their expected utility, i.e.:

(15)

We can then go about estimating {ri }N
i=1 via maximum likelihood. Unfortunately, the relatively small
sample size results in a likelihood function that is
flat over much of the reasonable domain, which
makes the point estimator very sensitive to the initial conditions supplied. Therefore, we opted to calibrate the model in the following way.

For each person i and for each table t, we considU (r) ≡ U (x, y, p; r) = p · u(x, r) + (1 − p) · u(y, r)
ered only the row, j ∗ in which the individual was
(12)
indifferent between the two lotteries. Given our as9
A time preference on X is called stationary if (x, t)  sumptions on preferences, we can conclude that:

(y, s) ⇔ (x, t + τ )  (y, s + τ ) ,∀(x, t), (y, s) ∈ X and τ ∈
Rs.ts+τ, t+τ ≥ 0 [see, for example, Fishburn and Rubinstein,
1982]

10
Note that we allow the risk aversion to vary across individuals but not across tables

11

∗

∗

Patj ∼ Pbtj ⇔ U (xa , ya , p; r) = U (xb , yb , p; r)
⇔ U(rit ) ≡ Ua (rit ) − Ub (rit ) = 0 (16)
One can show that this equation implicitly defines
∗ . We then calibrate each person’s coeffia unique rit
cient of relative risk aversion, ri , as the mean of the
∗ }4 .
{rit
t=1
Two comments are in order. First, it is essential that
the outcomes (xa , ya , xb , yb ) are not the prizes of the
lotteries but rather the sum of each person’s expenditures and the prize in each state of the world. Second, the fact that we used MPL for elicitation (and
not say, having the participants state their certainty
∗ can only take on 9 difequivalents) implies that rit
11
ferent values , which might potentially influence
our results. Essentially, we have potential censoring from below (corresponding to row number 1 risk loving), as well as from above (row number 9 very risk averse).

control group (0.71) in a predicted direction. In addition, in the second row of the table we present results when CRRA is calculated with an average expenditure of the whole sample (around €757). Mean
for the whole sample is 1.02, while for the treatment
and control group is, 1.23 and 0.8, respectively. We
calculate CRRA in this additional way to check how
sensitive results are on levels of income. Although
means do not seem to differ much between these two
types of CRRA’s, there is a significant difference in
the distributions of the CRRA’s (p-value of close
to 0 in a Kolmogorov-Smirnov test)12 . This would
suggest that CRRA’s are sensitive to the baseline
expenditure level. To further verify this result, we
also calculate CRRA’s as if we were completely ignorant about the reported level of expenditures (i.e.
setting the expenditure level to 0). Then the mean
of the CRRA’s for the entire sample drops to only
0.5 (these results are not presented). Therefore, due
to the concavity of the utility function the lower segments are much steeper than the higher segments,
and a lower CRRA is needed to get high differences
in the utility values. This result confirmed that the
expenditure levels play a large role in determining
CRRA and therefore in our further analysis we shall
use CRRA’s calculated with the individual levels of
income.

To illustrate the calibration procedure, consider
the following example. Subject i states is indifferent between the two lotteries (€1000; €800, .7)
and (€1950; €0, .7). Moreover, we know that her
monthly expenditure is €900. Following our model
∗ is the solution
outlined above, we conclude that rit
Table 2: Non-parametric test of the difference in
to the following equation
means of CRRA between the treatment and control
group
∗
∗
.7 · u(900 + 1000; rit
) + .3 · u(900 + 800; rit
)=

Whole
Sample

Cont.
Group

Treat.
Group

CRRA

0.96

0.71

1.21

CRRA*

1.02

0.80

1.23

∗
∗
.7 · u(900 + 1925; rit
) + .3 · u(900 + 25; rit
) (17)

which implies a coefficient of relative risk aversion
of around 1.8. (The range of admissible values for
this table and this income level is (-3.4,3.9)). If we
had ignored the income level, which is equivalent to
assuming an income of €0, the implied coefficient
would have been around 1.4.

Rank-sum
Test
z= -0.934;
p=0.35
z= -0.632;
p=0.528

CRRA* = CRRA with average level of expenditures

Table 2 presents the results of the calibration of the As indicated above, we find the difference in the
CRRA. We find that the average CRRA of the entire sample means for the treatment (1.21) and the consample is 0.96, and there seem to exist a difference in
12
A test for the difference in means per se is not very inforthe sample means for the treatment (1.21) and the
Row number 10 in each table constituted the choice between two degenerate lotteries where one paid a strictly higher
amount than the other one.
11

mative as we can expect the effects of expenditures to cancel
out when we take averages: Individuals with a relatively high
level of expenditures (i.e.>€757) will exhibit lower calibrated
CRRA’s and vice versa.

12

trol group (0.71). Given the small sample size on behaviors related to the risk in the literature.
(N = 54), we were cautious to appeal to central
limit theorems to justify the normality assumed in Table 3: OLS regression results of the treatment
parametric tests. Thus, we ran a Wilcoxon-Rank- and other covariates on the CRRA index
Sum test on the distribution of the CRRA’s in the
(1)
(2)
two groups, yielding the statistically non-significant
VARIABLES
CRRA
CRRA
result (p = 0.35). Given the apparent difference in
risk aversion between treatment and control group,
our best explanation for insignificant test statistic
0.50
0.72*
Treatment
is low statistical power. This issue certainly stems
(0.41)
(0.37)
from relatively small sample size, but our guess is
0.61
Sex
that it might be only half of the story. At the
(0.4)
end, using graduate students as a sample population
Cigarette
-1.02*
probably came with a disadvantage. We can argue
Consumption
(0.54)
that these students are on an upper bound regard-0.16***
High Expenditures
ing cognitive capabilities and therefore have corre(0.04)
spondingly higher willpower capacity. This in turn
Stock Trading
0.08
implies that the depletion treatment might have had
Experience
(0.42)
smaller effect than anticipated. Combination of this
Tiredness Before
0.1
effect and a small sample size probably lead to a low
Experiment
(0.08)
statistical power.
-0.07**
To deal with the low statistical power, we include
covariates in the regression analysis. We can see
in Table 3 that when covariates are not included
coefficient on treatment indicator variable is not
statistically significant (p = 0.31), while when we
include some covariates results change, which confirms our suspicions. Covariates include, among
other things, socio-demographic characteristics, a
number of cigarettes smoked, a dummy representing high expenditure level (>€1000), a dummy for
stock-market trading experience and an BSSS-4 index for risk attitudes. We find that we can reject
the null hypothesis that the depletion treatment
has no effect on the CRRA. The effect is positive
and significant (p < 0.1). This allows us to tentatively conclude that the prediction of the dual system model holds true. When person is depleted,
the affective system will exert greater influence on
person’s choices and lead him to choose among lotteries in a more risk averse manner. Moreover, we
see that lower risk aversion is associated13 with a
higher cigarette consumption, higher monthly expenditure and a higher index in the BSSS-4 scale.
These results are in line with the standard findings

BSSS-4
ImpSS

Constant
Observations
R-squared

0.71**
(0.27)
54
0.03

(0.03)
0.03
(0.05)
1.46
(0.91)
54
0.35

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

4.3

Discount Rates

We next turn to the calibration of discount rates.
We use the results of the calibration exercise of the
previous section to construct the static utility function ui (x) ≡ u(x, ri ) for each person i = 1, . . . , N .
In a fashion very much akin to what was discussed
above, we calculate implied discount rates for each
person and each task. To illustrate the procedure,
suppose that person i, declares to be indifferent between option A (€800, now) and option B (€820,one
month). Moreover, we calibrated her rate of relative
risk aversion to be around 1.8 and we know that she
has a monthly expenditure of around €900 (see the
13
Since the covariates were not randomly assigned, we can- example in the previous section). Given our idennot attribute a causal interpretation to the coefficients.
tifying assumptions, we conclude that the discount
13

rate ρ∗ has to be the solution to the following equa- in equation 19 is decreasing in the concavity14 of
tion:
the (Bernoulli-)utility function for any combination
of wealth and outcomes. Therefore, it is clear that
provided the discounted utility model is true and
1

12
the decision maker is risk averse (risk loving), as1
ui (900 + 800) +
ui (900) =
suming risk neutrality15 leads to inflated (deflated)
1 + ρ∗
1

estimated discount rates. By the same token, the
12
1
ui (900) +
ui (900 + 820) (18) calibrated discount rates are also sensitive to the in1 + ρ∗
dividual specific income level on top of the (indirect)
influence via the calibrated risk aversion rate16 .
which is given by
Figure 3 plots the implied discount rates for rates of
relative risk aversion and four different wealth lev

ui (900 + 800) − ui (900) −12
ρ∗ =
−1
(19) els when the participant states indifference between
ui (900 + 820) − ui (900)
(€800, now) and (€820,one month). What we observe is that when when moving from risk neutrality
In this manner we get for each person and each task (r = 0) to risk aversion (r > 0) the implied discount
a calibrated discount rate, {{rit }6t=1 }N
i=1 . It is im- rate becomes smaller. Moreover, we see that this efportant to note that the results from calibration of fect is amplified when moving from higher to lower
the discount rates are sensitive to the utility func- income groups.
tion employed, since in the standard model agents
discount utility and not money/outcomes. However,
it is remarkable that many studies that tried to elicit
time preferences, (tacitly) assume u(·) to be linear in
monetary outcomes [see, for an overview, Takeuchi,
2011]
In order to sketch how the calibrated risk aversion influences choice over time, consider the following simplified choice setting: Suppose a decision maker is indifferent between (€800, now) and
(€820,one month). Disregarding wealth considerations for now, we interpret this as:
ui (800) =

1
ui (820)
1+ρ

Figure 3: Implied discount rates for different wealth
levels and different rates of risk aversion for the
(20) choice task (€800, now) vs. (€820,one month)

and we calculate

The mechanics behind this pattern can be easily
seen in equation 19: A higher degree of risk averui (820)
−1
(21) sion in the vonNeumann/Morgenstern framework is
ρ=
ui (800)
equivalent to a higher degree of concavity of the
If we again assume that ui (x) = u(x, ri ) is of static utility function. But then, the the term in
the constant relative risk aversion (CRRA) family. parenthesis in (19) (the inverse of the discount facTherefore, equation 21 reads as
tor) becomes bigger as the ratio of differences is
ρ=



820
800

1−r

14

− 1 = ρ(r)

Where we say that a function f is more concave than g,

(22) if there exists a concave function c s.t. f = c ◦ g.
15

0.

In our parametrization of CRRA this means setting ri =

which is a decreasing function of the coefficient of
16
Unless ri = 0, then income levels have no effects. This
relative risk aversion. More generally, it is not dif- can be seen best in equation 19 where the terms involving
ficult to show that the calibrated discount rate, ρ, expenditure levels simply cancel each other when ui (x) = x.
14

increasing with concavity. Similarly, this effect is Table 5: OLS regression results of the treatment
magnified if the baseline income is lower since then and other covariates on the discount rate
by concavity, the ratio in equation 19 is increasing.
VARIABLES

Table 4 gives the means of the implied discount rates
for each of the six time preference elicitation tasks
included in the experiment. Recall that three tasks
(corresponding to the first three in the table) compare immediate with delayed outcomes while the
other three compare delayed with further delayed
outcomes, each for three different horizons (1, 6 and
12 months). We start by analyzing the results assuming the linear utility function over outcomes (i.e.
restricting r = 0). These results can be seen in panel
one of the table. On average, the mean discount rate
across the six tasks is higher in the treatment group
than in the control group, however this difference is
not statistically significant. Moreover, we see that
irrespective of the front-end delay, the one month
horizon task is associated with strictly higher discount rates.

Treatment
FED
Treat. x FED
TH 1 Month
TH 6 Months
Treat. x TH 6
Months
Treat. x TH 12
Months
Cigarettes
Consumption
BSSS-4

When allowing for concavity in the static utility
function (i.e. making use of the results of the previous section), we find that, as expected, the discount
rates decrease in all the tasks across treatment and
control groups. Moreover, since the CRRA in the
treatment group is higher, the decrease is higher in
magnitude in this group than in the control group.

Constant
Observations
R-squared

(1)
Discount
Rate

(2)
Discount
Rate*

-0.03
(0.08)
0.03
(0.03)
0.05
(0.04)
0.1**
(0.05)
0.03
(0.03)
-0.02
(0.06)
0.06
(0.07)
-0.01**
(0.00)
0.01
(0.005)
0.34*
(0.17)
324
0.120

-0.11
(0.11)
0.02
(0.02)
0.04
(0.03)
0.1*
(0.05)
0.01
(0.02)
0.05
(0.07)
0.1
(0.08)
0.02**
(0.01)
0.02***
(0.001)
0.09
(0.16)
324
0.145

Robust standard errors in parentheses, clustered by subject
(N=54); *** p<0.01, ** p<0.05, * p<0.1; Discount Rate* =
Concave Utility with Individual Level of Expenditures; TH
= time horizon; FED = Front-End Delay;
Other covariates considered in these regressions are: Sex,

Proceeding as in the analysis of the risk aversion, we
now turn to the a parametric estimation of the depletion treatment effect, which allows us to include
covariates which results in higher precision. Table
5 shows the result of an OLS regression of the calibrated discount rates on the same set of covariates
as in the case of risk aversion. In this set of regressions, we use a long-format data. Consequently,
each observation corresponds to a specific elicited
discount rate for each of the six tasks, as well as the
characteristics of the task in terms of time-horizon
and front-end delay. We found no significant treatment effect in neither the case of a linear static utility function (column 1) nor the case of allowing for
concavity/convexity (column 2).

High Expenditure, Level of tiredness before the experiment
and ImpSSS. The coefficient associated with this covariates
are not statistically significant. For brevity they are not
shown in this regression.

Turning to possibly different discount rates across
tasks, we find that front-end delay is not associated
with higher (or lower) elicited discount rate. On
the other hand, tasks that consider a time horizon
of 1 month exhibit, on average, higher elicited discount rates among the subjects. The latter result
is consistent with a robust finding documented in
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Table 4: Non-parametric test of the difference in means of discount rate between the treatment and
control group
Panel 1 - Discount Rates
Rank-Sum
Sample
CG
TG
Test
CRRA Index
Immediate Vs.
Delayed Rewards
(No FED)
Time Horizon: 1
Month
Time Horizon: 6
Month
Time Horizon: 12
Month
Delayed Vs. More
Delayed Rewards
(FED- 1 month)
Time Horizon: 1
Month
Time Horizon: 6
Month
Time Horizon: 12
Month
All Choices

Panel 2 - Discount Rates*
Rank-Sum
Sample
CG
TG
Test

-

-

-

-

0.96

0.71

1.21

39.34

39.31

39.38

-

33.89

35.86

31.91

41.69

44.00

39.37

35.91

42.21

29.61

37.66

38.46

36.86

32.46

33.66

31.25

38.68

35.45

41.90

33.29

31.72

34.87

44.31

41.97

46.65

37.74

37.69

37.78

52.07

48.51

55.63

44.75

45.37

44.13

39.62

39.84

39.39

32.39

33.12

31.65

36.07

34.57

37.57

35.81

36.78

34.85

41.24

37.54

44.94

41.83

40.64

43.01

z = 0.313
p = 0.754
z = 0.503
p = 0.615
z =-0.633
p = 0.527
z =-0.786
p = 0.432
z = 0.174
p = 0.862
z = -0.78
p = 0.435
-

z =-0.934
p = 0.35
z = 0.562
p = 0.574
z = 0.398
p = 0.69
z =-0.061
p = 0.952
z =-0.355
p = 0.723
z = 0.311
p = 0.755
z =-0.104
p = 0.917

-

Discount Rates* = Concave Utility with Individual Level of Expenditures; CG = control group; TG = treatment group;
FED = Front-End Delay

the empirical literature about hyperbolic discounting. We stipulate that the reason why we did not
find a positive effect of front-end delay, which is a
common finding in empirical studies [e.g. Coller
and Williams, 1999], is a peculiarity of our data:
Many participants argued in the comment section of
the tasks, that they associated a one-month frontend delay with summer vacations starting around 5
weeks after the time the experiment was conducted.
Moreover, we also noticed in the case of risk aversion, we find that cigarette consumption is negatively (partially) correlated with discount rates
when assuming a linear utility function (column 1)
while being positively correlated when allowing for
a non-linear utility function. As we saw above,
cigarette consumption corresponds to a lower average rate of risk aversion, which results in a higher

discount rate, even for the same observed choices in
the tasks. Finally, we also observe higher discount
rates for those participants that scored higher in the
BSSS-4 scale.

5

Conclusion

The present study shows that there is indeed some
evidence that people behave as being of two minds.
In particular, we were able to show that subjects
exhibited increased risk aversion after having completed a willpower depletion task which was supposed to affect the capacity for making choices in
subsequent decision making. This is consistent with
the dual self model of Loewenstein and O’Donoghue
[2004], in that lower willpower is associated with
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a more active affective system, which behaves in
a very risk averse way (given the experimental design).
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