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ABSTRACT

This thesis takes three different perspectives, using theoretical and experimental tech-
niques, on time-inconsistent preferences and how the existence of multiple selves can
affect both consumer behaviour and policy design. Across domains such as retirement
saving, health, and educational achievement, intertemporal choice presents a challenge

for both individuals and policymakers.

The first paper, ‘Choosing When to Nudge: Designing Behavioural Policy around
Decision-Making Costs,” considers how behavioural policy, which has proven increas-
ingly popular with policymakers, affects welfare. I find that for present-biased con-
sumers, behavioural policies help some consumers but can inefficiently discourage oth-
ers from optimizing. Such policies therefore have an ambiguous effect on welfare, and
similar to traditional policies, can impose equity-efficiency tradeoffs. Monopolies may
increase welfare given their incentive to simplify consumer decisions instead of exploit

switching costs.

The second paper, ‘Virtue and Vice with Endogenous Preferences,” considers behaviour
when preferences are affected by consumer decisions. I introduce agents whose temp-
tation to consume in the present is affected by how much they choose to save for the
future. I find that differences between agents can trap them in divergent paths of self-
improvement — saving more, they value the future more, making saving optimal — or
binging — consuming more makes them indifferent to future costs, making consumption
optimal. At the extreme, it is frequently an optimum for a consumer to consume their

entire wealth.

The final paper, ‘Bet You Can’t Eat Just One: Consumption Complementarity and
‘Self’-Control” considers an intrapersonal game between a moderate cold self and a hot
self that wants to indulge. In equilibrium, sophisticated selves best respond to each
other’s behaviour: the cold self over-abstains and the hot self over-indulges to avoid
inducing the other state. I test these ideas in the lab, and find that subjects on a diet
who were induced to consume a piece of chocolate before the experiment indulge more
in chocolate during the experiment, even when the initial indulgence was imposed by
the experimenter. Eating a piece of chocolate, this suggests, can induce a period during
which chocolate is more appealing.
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INTRODUCTION

How well consumers plan for the future has become an increasing concern for policy-
makers. Across retirement, health, education, energy use, and other issues, consumers
seem to emphasize present benefits over future ones, in ways that are not always consis-
tent or easily explained by traditional economic models. Given the importance of how
we allocate resources over time — including effort, investment, and consumption — in
determining long-run outcomes, governments are frequently interested in using policy
to support or change consumers’ decisions. Often, the goal is not to provide more op-
tions to consumers, but instead to convince them that what they might decide in the
short term is not in their long-term interest. In doing so, researchers and policymakers
confront the possibility that consumers behave as if they had multiple ‘selves” with non-
stationary preferences: that what consumers want today may not be what they want
tomorrow.

In this thesis, I use both theoretical and experimental methods to better understand
individual behaviour, focusing particularly on the implications of non-stationary pref-
erences, and apply those insights to policy design. If consumers want different things
at different times, then planning for the long term may be particularly difficult, and in
some cases, consumers may not be able to reach their global optimum. First, using a
common form of time-inconsistent preferences — Laibson’s quasi-hyperbolic discount-
ing (1997) — I study the welfare implications of behavioural policies, which have be-
come increasingly popular with policymakers. Then, I consider behaviour and policy
under two alternative approaches to time-inconsistent preferences: when preferences
are endogenous and are affected by behaviour, and when consumption induces tem-
porary ‘hot” selves that have a higher marginal utility of consumption, so each self
best-responds to the behaviour of the other selves. I turn to the lab to test some of
these ideas, studying how consumers behave when they have been induced to indulge
in temptation by the experimenter. Each of the three chapters takes a different perspec-
tive on time-inconsistency — nudges for present-biased technology adoption, behaviour

when choices affect preferences, and self-control with multiple selves — but each focuses



[=

INTRODUCTION

on understanding consumer behaviour and the welfare and policy implications of time-
inconsistency.

Preferences present a challenge for economics. Typically, they are treated as the final
arbiter of choice: consumers make decisions based on their preferences, and by revealed
preference when we observe those choices we can derive the preferences that motivated
them. There is no basis, therefore, for judging preferences as better or worse, but instead
economics aims to respect individual preferences as much as possible. For interpersonal
decisions, this is often sensible: privileging the preferences of one person over another
is by definition a controversial idea.

Behavioural economics, however, has pointed out that individuals often behave as
if they have preferences that change over time, or equivalently as if they have multi-
ple selves that take decisions in turn. The fact that consumers do not actually always
optimize based on a consistent set of self-interested preferences has a long history in
economics, of course: Adam Smith wrote in The Theory of Moral Sentiments about the
importance of preferences such as fairness (1759), as did Bentham when he introduced
utility (1789). Until recently, however, most of modern economics relied on the standard
assumption of rational optimization, with a few exceptions such as Herbert Simon’s sug-
gestion that consumers satisfice by trying to just do well enough, rather than maximize
(1955). With the surge of interest in Kahneman and Tversky’s work on prospect theory
and decision-making under risk (1974; 1979; 1984), however, modifications to the stan-
dard model are becoming increasingly common, and behavioural economics is popular
with both economists and policymakers.

The idea of time-inconsistent preferences was first modeled in Strotz’s seminal work
(1955-1956), further developed by Ainslie as hyperbolic discounting (1975) and, later,
motivated the quasi-hyperbolic discounting model by Laibson (1997), with work by
many others along the way, such as Phelps and Pollak (1968) and Peleg and Yaari (1973)."
These models suggest that consumers place a particularly high weight on the present
as opposed to the future, but unlike standard exponential discounting models, weight
future periods against each other without the present bias factor. As a result, today vs.

tomorrow is a very different choice from a year from now vs. a year plus a day. This

Daniel Akst reports that Strotz applied his work to his own life: as President of Northwestern University,
he had his academic employer pay him in 12 monthly installments to avoid having to save for the summer
(Akst, 2011).
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INTRODUCTION

contrasts directly with Samuelson’s 1937 discounted utility model, which despite his
strong reservations was adopted almost immediately after publication as the standard
model in economics, and is generally still used today. In discounted utility, consumers
care more about the present than the future, but do so at a stationary rate of discounting,
one that does not change over time (Samuelson, 1937). For Strotz and Laibson, however,
preferences are non-stationary: each time ‘today” arrives, it gains a new importance in
the eyes of the consumer.?

With this in mind, recent research has considered issues of self-control as a game
between multiple selves, who may want very different things but frequently have access
to the same technologies for commitment and opportunities for consumption. In 1978,
Thomas Schelling argued in the AER that two selves were in a “continual contest for
control,” and that most of us have ways of trying to motivate the other self, from putting
the alarm clock further from the bed to his own attempts to toughen himself to cold
temperatures by going to bed without a blanket, only to wake up in the middle of the
night too cold to find the blanket and cursing his earlier self (Schelling, 1978). Thaler
and Shefrin make a similar argument, and discuss the implications for pensions, the
timing of income flows, and individual discount rates (Thaler and Shefrin, 1981). A self
can use methods such as commitment devices, delay tactics, or reaching a deal between
the selves in order to maximize utility.

Both economists and psychologists generally accept the idea that preferences are non-
stationary, and that each set of preferences can be represented by a different ‘self.” How
preferences and selves vary is not yet well understood, however, and introduces a chal-
lenge to analysis: if multiple selves exist, which set of preferences matter in welfare
analysis, and who is doing the optimizing? As a result, fixed preferences remains the
typical assumption in economic work, and indeed in many situations selves may have
similar preferences. Over time, however, selves appear to differ in systematic and im-
portant ways. What does this mean for consumer behaviour, in both the short and long
run? And is there an opportunity for policy to improve outcomes? This thesis takes
several different perspectives in an effort to illuminate some possible responses to those

questions.

2 A particularly useful review of the literature can be found in Frederick et al. (2002).
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Chapter 2 considers a relatively straightforward case, when consumers are present bi-
ased and face decision costs, making them reluctant to adopt energy efficient technology
that has long-term benefits. Because there is an externality, there is a relatively clear case
for policy intervention, and behavioural interventions — nudges — have proved popular
with policymakers as a way of changing behaviour. There is reason, however, to be wor-
ried that nudges have proved too popular. I introduce a model of decision costs with
consumers who are present biased, and find that nudges may discourage consumers
from optimizing and convince them to take the default even when it makes them and
society worse off. In some cases, behavioural policies may create welfare distortions and
equity-efficiency trade-offs. Avoiding this problem is possible, but imposes restrictive
information requirements on the policymaker, which may often not be met. Nudges are
potentially a useful policy tool, but require careful cost-benefit analysis to be used well,
and in some cases even well-intentioned nudges may actually reduce societal welfare,
rather than increase it.

Chapter 2 discusses the limitations of policies that are already popular. The other
two chapters, however, focus directly on understanding consumer behaviour, poten-
tially leading to new policy prescriptions. Chapter 3 explores a particular form of non-
stationary preferences: drawing on the psychology literature, it considers the idea of
endogenous preferences, so that behaviour affects preferences instead of just being de-
termined by them. I consider a model of quasi-hyperbolic discounting in which present
bias, the temptation to consume today, is affected by how much self-control consumers
exert. I find that differences between agents can trap them in divergent paths of virtue or
vice due to the existence of two types of optima: self-improvement optima, from the desire
to have ‘better” preferences, and binge optima, from the increased indifference to future
costs induced by myopic decisions. Agents may also have multiple locally optimal con-
sumption paths, and preference endogeneity can explain why some agents attempt to
resist temptation, while others indulge in it.

Chapter 3 assumes that each self is nested in the period before: each self accounts
for their future behaviour, but their choice is unaffected by their past behaviour except
through their wealth. There is therefore no intrapersonal game between selves. In my
final chapter, I relax this assumption and allow selves to each best respond to the be-

haviour of the other self, so that each must account for the expected behaviour of the
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INTRODUCTION

other when they make their equilibrium decision. Consuming in a cold state induces a
temporary hot state of complementarity in consumption, making further consumption
more appealing. Intuitively, a consumer might be welfare optimizing to eat a square of
chocolate, have a single drink, or take a five minute break from work, but if doing so
induces a hot state that prefers further indulgence, then they may be unable to choose
their optimum consumption path and prefer instead to avoid indulgence in the first
place.

I find that naive cold selves who do not anticipate this effect overconsume relative to
their optimum: the glutton who is repeatedly surprised by how much they eat, for ex-
ample. Sophisticates restrict their decisions because they anticipate the costs that result
from entering a different state. While in the cold state, the consumer therefore consumes
less than is otherwise optimal in order to avoid entering a hot state: once they enter a
hot state, they binge and consume more than is otherwise optimal to avoid returning to
the cold state. Multiple equilibria may exist, in which case the optimism or pessimism
of each self about the other self’s behaviour can determine which equilibrium results.
Behaviour also depends on whether selves are sophisticated and able to best respond to
the behaviour of the other self, or naive.

To test these ideas, I turn to the lab. Experimental work provides an important source
of data for predictions about consumer behaviour, and can help refine and improve
theoretical analyses. Here, I conduct a lab experiment to test for the existence of a short-
term causal effect of consumption on how much the consumer indulges. Drawing on
the theory of hot and cold states introduced earlier, I test whether subjects induced to
consume a piece of chocolate before the experiment indulge more in chocolate during
the experiment. I find some evidence of this effect for subjects on a diet, who could be
expected to find chocolate more tempting. This holds even when the initial indulgence is
externally imposed, ruling out explanations that rely on freedom of choice in the initial
indulgence. Eating a piece of chocolate, in other words, can induce a period during
which further chocolate consumption is more appealing. This could potentially result
from a fixed cost to indulging in chocolate — getting sticky hands, or a loss of self-image,
perhaps — or from a temporary shift in preferences, all of which could provide some

explanation of the underlying mechanism of a hot state.



INTRODUCTION

All three chapters aim to deepen and extend our understanding of consumer be-
haviour. As policymakers and educators, there is the potential for us to do better help-
ing consumers plan for the future. In some situations, nudges may prove a useful tool
to simplify the consumer decision and make it easier for them to optimize. In others,
consumers are vulnerable to negative outcomes based on the non-stationarity of their
preferences, and so increasing their sophistication and providing them with tools to
commit to certain behaviours may be valuable. I begin by studying the nudge-based
policies that are increasingly popular with policymakers in the UK, the US, and else-
where, before turning in later chapters to the possibility for novel policies based on

models of time-inconsistency in intertemporal choice.
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CHOOSING WHEN TO NUDGE: DESIGNING BEHAVIOURAL
POLICY AROUND DECISION-MAKING COSTS

“It is now a well-established proposition that both self-control and cognitive
effort are forms of mental work.”

-Daniel Kahneman (2011)

2.1 INTRODUCTION

A common friction for consumer choice is the presence of decision costs, either ma-
terial or cognitive. Taking a decision requires effort and may also impose search costs
to find and analyze information. Such costs can encourage employees to save at the
default pension rate if faced with too many possible plans (Huberman, Iyengar and
Jang, 2004); doctors to prescribe the standard treatment when too many alternatives are
available (Redelmeier and Shafir, 1995); and consumers to refuse to insulate their lofts
until the government offers a joint loft insulation and cleaning package, even when it
saves them no money (DECC, 2013). This problem has only become more acute today,
corresponding to the rapid multiplication of options and information facing consumers.

As austerity and cynicism about the power of government have struck, governments
have turned to behavioural economics as an inexpensive way of helping consumers
navigate complex decisions. Drawing on Kahneman’s seminal work in the field, recent
work by the British Behavioural Insights Team, the Danish Nudging Network, the White
House Social and Behavioural Sciences Team and others has focused on practical appli-
cations, including modifying defaults, adding or taking away options, or simply chang-
ing the framing of the decision (Kahneman and Tversky, 1984; Thaler and Sunstein,

2008). Unfortunately, theory has not kept pace with practice, and the justification for
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and welfare implications of these policies are not always clear, particularly given their
reliance on deviations from the standard economic model of preferences.

This paper analyzes how the existence of decision costs and present bias can both ex-
plain the effectiveness of behavioural policies as well as allow for the study of their limi-
tations. The model provides lessons for a wide range of settings, from personal health to
retirement saving: to illustrate the argument, I focus on consumers considering adopt-
ing energy-saving technology, but who, because they are present biased, overestimate
the decision costs they will incur if they attempt to find their optimal technology rather
than take the default. This paper provides a systematic model of the costs and benefits
of behavioural policy, providing lessons for policymakers on both when and how such
policies should be used.

I consider several commonly-used behavioural policies — simplification, changing the
number of options, and defaults — each of which has a slightly different effect on con-
sumers, but which together serve to demonstrate conclusions general to behavioural
policy design. I find that behavioural policies change not just how well individuals do
when they optimize, but also who optimizes, potentially creating a deadweight loss.
The first effect I entitle the payoff effect: behavioural policies typically increase the pay-
off either of consumers taking the default or of consumers who optimize. The second
— often neglected — effect I call the composition effect: the fact that the change in pay-
off also changes whether it is worthwhile for consumers to optimize, and so changes
how many choose to optimize as opposed to take the default. Setting a higher default
savings rate, for example, will help consumers who used to save less, but may harm
those who used to save more. This can explain why increasing the default savings rate
does not always increase the total amount saved (Choi et al., 2004), or why increas-
ing the default donation for a charity does not increase aggregate donations (Altmann
et al., 2014). Policies such as forced choice or worsening defaults may pose particularly
large equity concerns by making some consumers much worse off. Careful cost-benefit
analysis is needed when designing behavioural policy, and efficient policy design may
impose prohibitively high information requirements on policymakers. Absent full infor-
mation, several general rules emerge: that compliance with policies should be simple;

that the effects of the policy should be targeted as much as possible towards either con-
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sumers taking the default or optimizers rather than the population as a whole; and that
policymakers should pay attention to the composition effect when designing policy.

I also briefly study the implications of the model for industrial organization, finding
that monopolists can actually be efficiency-enhancing in some contexts, because they
have an incentive to reduce decision costs, while more competitive firms may seek to use
them as switching costs to better extract surplus from consumers. Facing a monopolist,
consumers might actually benefit from increased irrationality, because it allows them
to extract more surplus from the monopolist, who must offer them a strictly positive
consumer surplus in order to convince them to optimize.

Relatively few studies analyze the theoretical underpinnings of behavioural policy,
and the potential consequences of using it as a policy tool are not always well under-
stood. Analysis has instead tended to be empirical, looking at issues such as the use of
energy star ratings to inform consumers (Houde, 2014) and the importance of energy
efficient standards in choice sets (Tsvetanov and Segerson, 2014), or in pensions, how
increasing choice sets can discourage choice (Huberman, Iyengar and Jang, 2004). A
number of papers have considered the use of standard policy tools when consumers
are boundedly rational, such as O’'Donoghue and Rabin (2003), who consider optimal
taxation when consumers have self-control problems, and find that such taxation can
increase social surplus by helping consumers resist temptation. Other studies have con-
sidered economic tools in other contexts, including healthcare provision, pigouvian tax-
ation, salience in grocery store sales, and drug addiction, among others (Allcott, Mul-
lainathan and Taubinsky, 2014; Baicker, Mullainathan and Schwartzstein, 2015; Chetty,
Looney and Krof, 2009; Gul and Pesendorfer, 2007). A useful review of models of be-
havioural biases and how they motivate paternalistic environmental policies can be
found in Allcott (2014).

What has been less studied is the importance of decision costs in understanding be-
havioural policy and its optimal use, and how behavioural policies themselves might
interact with bounded rationality. Sallee (2014) considers whether, in the presence of de-
cision costs, consumers could rationally choose not to optimize, and suggests rational
inattention can play an important role in efficient technology adoption: Houde (2014)
considers a similar question empirically, finding that product certification can act as a

substitute for more accurate but more complex information. The closest paper to this
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one, however, is probably Choi et al. (2003), which models defaults when consumers
vary in their optimal savings rate. Choi et al. highlight the importance of heterogeneity
in optimal savings rates in setting defaults - in some situations, they find it is optimal
to set a default far from the mean optimum saving rate, because doing so encourages
optimization. This paper takes a similar approach, but introduces the importance of
heterogeneity in decision costs for efficiency and welfare considerations.

I illustrate my theoretical model with the example of the UK Behavioural Insights
Team (BIT) encouraging loft insulation by households (DECC, 2013). Relatively few con-
sumers have been quick to adopt energy-efficient technologies, though many can pay
for themselves relatively quickly and also have public benefits. To address the issue, the
BIT created a combined offer of loft insulation and cleaning, finding that the joint offer
increased take up even when no financial savings were realized (BIT, 2011-2012). This
suggests that it was not just the financial cost of insulation and cleaning that was rele-
vant. Instead, individuals found insulation more attractive when it was a less difficult
decision to implement. Governments would like to encourage consumers to adopt such
technologies, because they have externalities: consumers may be reluctant to do so, be-
cause of internalities, how their decisions affect the relative welfare of their future and
present selves. Behavioural policy is one approach to resolving this issue.

Unfortunately, a lack of clear theoretical understanding has led governments to ea-
gerly adopt behavioural policy as a replacement for traditional policy, even when inap-
propriate. This paper argues that such policies can bring costs of their own: increasing
the default savings rate or the pharmaceutical plans available to seniors helps some to
the detriment of others. Behavioural policy provides policymakers with another tool for
their toolbox, but not a silver bullet to be used whenever possible.

I introduce a framework of decision-making costs (Section 2.3) to examine the impact
of behavioural policy options on technology adoption, including simplifying decisions
(2.4.1), reducing the choice interval (2.4.2), and modifying defaults (2.4.3). Perhaps more
importantly given the surge in popularity of these policy measures, the model is also
used to study the limitations of each policy. Implications for the behaviour of firms is

considered in Section 2.6. Section 2.7 concludes.
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2.2 LITERATURE

Behavioural economics has expanded greatly in recent years, and policy applications
have followed suit. Starting from a relatively simple understanding of decision difficulty,
in which people were assumed to make errors, the recent trend has been to study heuris-
tics, time-saving cognitive rules that lead to an acceptable choice in many situations,
without requiring actual optimization. In general, studies have tended to be empiri-
cal in nature, particularly experimental, examining the effects of a policy intervention.
The findings have led to considerable enthusiasm about their potential for changing be-
haviour. Less work has been done, however, in modeling how such policies work, and
so studies often lack a comprehensive theoretical framework with which to explore the
implications of their results. It is this gap in the literature that the following work is

meant to address.

Behavioural Economics and Bounded Rationality

The issue of individuals finding choice difficult is not new, of course. In a modern
context, Herbert Simon (1955) introduced the idea of bounded rationality, arguing that
individuals are not perfect optimizers. More recently, behavioural economics has ad-
dressed many of the same questions around imperfect optimization, beginning with
work by Kahneman and Tversky (1974; 1984). The results of behavioural economics
have also begun to affect other areas of the discipline, including economic policy (Cong-
don, Kling and Mullainathan, 2011), but also suggest new issues in decision-making in
general, such as mental state and identity (Akerlof and Kranton, 2010).

A typical experiment on decision-making costs concerns the availability of jam (Iyen-
gar and Lepper, 2000). Two booths distributing free samples of and then selling jam
were set up in supermarkets. One was the extensive-choice booth: it offered 24 different
types of jam. The other had more limited choice, with only 6 jams. Iyengar and Lepper
found that while 60% of passersby stopped at the extensive-choice booth, only 40% of
passersby stopped when there was limited choice. Customers tried a similar number of

jams at each booth, however, and while 10% of consumers purchased jam at the limited-
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choice booth, only 3% purchased jam when presented with extensive choice. Similar
results were found in the context of essay topics offered to students and chocolates.

Early theoretical work on decision-making costs includes work by Radner and Roth-
schild (1975). There, a decision maker faces a time constraint, and so cannot optimize
in every period. In order to do better at one activity, therefore, he must do worse at an-
other. More recently, efforts have been made to model agents choosing the magnitude
of a costly deliberation input (for an overview, see Conlisk, 1996). Collectively, however,
such efforts encountered a common problem: that of infinite regress. In brief, it suggests
that the problem of allocating cognitive effort among activities is itself a difficult activity.
In turn, that decision requires cognitive effort, and so on (for further discussion, again
see Conlisk, 1996). The consumer faces a problem that rapidly increases in difficulty.

To avoid this problem, some models assumed that individuals would simply make
errors. In response, it might be optimal for policymakers to reduce the choice set, or
even coerce the population into making the same choice (see, for example, Mirrlees,
1987). Other responses have taken a more formal approach, showing how the issue can
be resolved by making the consumer decision problem a function of all their options,
including how they refine their perception of those options (Lipman, 1991). More recent
work, however, argues that people use heuristics to solve the decision-making problem,
relying on cues from the context in which the decision is made and simple rules to
select an option (Gigerenzer and Selten, 2001; Goldstein et al., 2001). Using these simple
techniques individuals can avoid the cognitive effort required for calculations on what
can be very difficult problems, potentially choosing to not make a decision, to do what
everyone else is doing, or to pick what seems easiest, instead of attempting to figure out

what is optimal.

Policy Applications

The traditional response by policymakers has been to provide more information, hop-
ing to encourage optimization. Errors and imperfect optimizing, this assumes, are a
result of inadequate information, and so increasing the volume of information available
increases the quality of decisions. Unfortunately, although providing more information
may help in some cases, it may also increase the cacophony of inputs, leading to infor-

mation overload and even worse decision-making (Toffler, 1970).
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Literature examining decision-making costs from a policy perspective often focuses
on the issue of pensions, perhaps because of the relatively direct nature of defaults that
can be implemented. To understand the impact of defaults, Choi et al. (2004) study
the effect of automatic default saving rates in three different companies, and find that
401(k) participation rates increase from between 26% to 43% for relatively new employ-
ees before the defaults are introduced, to over 85% in all three companies, with many
individuals saving at the default rate. Huberman, Iyengar, and Jang (2004), on the other
hand, examine how increased choices of funds within a pension plan affects participa-
tion rates, finding that a ten-fund increase led to a 1.5% to 2% drop in participation, as
people avoided making the increasingly difficult decision altogether.

More recently, policymakers have turned to Sunstein and Thaler’s (2008) ‘nudges’:
minor alterations to the environment which can affect the choices people make. Gov-
ernments have adopted these techniques with enthusiasm, believing them a solution to
policy problems in an age of austerity.

One of the clearest models of behavioural policy is the work of Choi et al. (2003). They
introduce four elements: that there are costs of opting out of a default, that there is an
option value in waiting to incur those costs, that individuals procrastinate opting out of
a default, and that there is heterogeneity in optimal savings rates. Given these factors,
they argue that it may sometimes be optimal to set defaults that are on the boundary of
possible savings rates, due to the increased incentive to opt out of the default.

Work has also focused on another issue: encouraging the adoption of energy efficient
technology, which has both private and public benefits. One example is the work by
the UK Behavioural Insights Team, which aimed to increase take-up of loft insulation
services (DECC, 2013). The policy proposed was to reduce the costs associated with the
decision by creating a combined offer of loft insulation and cleaning. Two treatments
were implemented: one in which the joint package’s cost was simply the sum of the
cost of the two independent services previously available in the market, providing the
consumers with no monetary savings, and one where a subsidy was provided. The
subsidized treatment increased take-up by a factor of four, as might be expected, but
more interestingly the full-cost treatment increased take-up by only slightly less (BIT,

2011-2012). This suggests that it was not just the physical or monetary cost of cleaning
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the loft that was relevant; individuals also sought to avoid a search cost of finding an

appropriate service, or a cognitive cost of determining which service was best.

2.3 MODEL

Consider a population of households considering whether to insulate their lofts. They
can either do as the government recommends, the default choice, or figure out what
choice is best for their particular circumstances. To optimize, however, they incur signif-
icant cognitive costs choosing the optimal level of insulation and an appropriate firm,
as well as material costs of insulation, installation, and preparing their loft for insulat-
ing. Households that choose well can gain significant savings on their energy bill in the
long run but have to pay a relatively large short-run cost, so the optimal choice for each
household varies with their short-run need for liquidity as well as their type of home
and individual energy use.

In other words, the population of households faces a decision that may be good for
them in the long run, but requires them to incur decision costs immediately. They are
also present biased, which means they overestimate the scale of those short-term costs
relative to the long-run benefits. This describes a wide range of decisions faced by house-
holds, and so is sufficiently general to be useful in a wide range of policy domains.
Before continuing, however, it is useful to consider the costs and benefits of household

technology choice in more depth.

2.3.1 Costs and Benefits of Technology Adoption

The decision about whether to adopt a new energy efficient technology by a consumer
has several interesting characteristics. In particular, it involves immediate costs to choose
and install a given technology in exchange for distant benefits in decreased energy use.
Agents may also face some uncertainty over the nature of the technologies they can
adopt before they research them as well as how much effort it will take to select the
optimal technology. Even with perfect information, they are also likely heterogeneous
in the costs and benefits they experience from optimization. Finally, agents may have
systematic biases in their estimation of costs and benefits, leading to inefficient choices.

I discuss each of these factors in turn.
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It is clear that choosing to adopt a new technology will involve immediate costs, both
cognitive and material. In order to adopt a new energy-saving technology, a household
must acquire information about its options (information), compare that information to
its preferences and decide what is best for them (introspection), and then implement the
decision, integrating the technology into their household (integration)." Material costs
are relatively frequent: search costs, for example, might be expected to be present in
almost any decision. There is also considerable empirical evidence for cognitive costs,
as for example in tests of ego-depletion: Baumeister (1998) and others have found that
consumers can become exhausted by making decisions. Decision costs thus appear to
be common among consumers.

In the future, however, the decision can also bring returns: increasing home energy
efficiency now means spending less on energy later. Neither of these factors is necessar-
ily known ex-ante; the costs of adoption will vary with the technology adopted, and the
returns will vary with future energy needs as well as market prices, all of which may
be uncertain. Households must estimate the future returns as best they can, uncertainty
exacerbated by the fact that before paying the costs of optimization, consumers do not
know what their optimal technology is.

Even in a world of perfect information, challenges remain. To focus on these trade-
offs, I assume consumers face no uncertainty, omitting the expected value notation from
the model.? I define c as the ex-ante estimated cost of taking a given decision. This is
the difficulty compared to taking the easiest option, which I will refer to as the default
choice: this may be inaction, but could equally be following a social norm or accepting a
government suggested default. The default choice therefore need not be a single choice,
but can instead be applying a simple heuristic or other decision rule. For simplicity, the
cost of taking the default choice is taken to be zero.

Agents vary in how hard they find decisions. Some consumers have a loft with a gen-

eration of accumulated possessions, while others have no cleaning to do; an employee of

Estimates of these costs vary. Under basic assumptions about the savings from insulating a loft and the
utility function of a consumer, I use the fact that most consumers choose not to insulate their loft to
calculate what the present value of the decision cost must be in order to prevent them from adopting a
new technology, as indeed most consumers do not. This estimate comes to approximately £200, providing
a rough order of magnitude for the scale of decision costs in this context. Consumers are prepared to
sacrifice considerable material benefit to avoid cognitive and decision costs.

If uncertainty is formally considered, the results are qualitatively similar, with the caveat that it is the effect
on consumers’ expectations that now determines the impact of policy, and that consumer behaviour may
also vary with their preferences over risk.
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a home improvement firm may find it relatively easy to decide which insulation is best
for his own loft (or may not, if he has too much information available). This individual
aspect is captured as «, indexed by individual. From a policymaker’s perspective, it
is the distribution of «, f(«), that matters: for individuals, xc captures their unbiased
ex-ante estimate of how difficult they will find a decision.

Individuals also face systematic biases in their treatments of the costs and benefits
of optimizing. Here, the benefits to optimizing are distant in time, while installation
costs are incurred immediately. As in many of the interesting decisions we make in our
lives, the data suggest we do not respond well to such a challenge: instead, many of
us overweight immediate benefits (Laibson, 1997). We therefore sacrifice too much in
the future for too little in the present. This preference for the present has been found
in a variety of contexts, including the allocation of time and the choice between money-
time bundles, though the exact mechanism is sometimes disputed (Benhabib, Bisin and
Schotter, 2010; Zauberman and Lynch, 2005).

The costs of technology adoption occur immediately, while the benefits are generally
distant in the future: consumers are thus particularly liable to present bias, and place
more weight on the costs than on the benefits of technology adoption. They may then
choose to take the default when it would be optimal absent present bias for them to op-
timize. This effect may also be exacerbated by other factors, such as ambiguity aversion:
since decision costs are uncertain, while the status quo provides a certain return, ambi-
guity averse consumers will prefer to remain at the status quo even when it is rational
to switch (Ellsberg, 1961).

This tendency to overweight costs is captured as A, so that consumers anticipate their

total decision costs to be Aac.

2.3.2 Decision Rule

I have so far assumed that (i) agents face a decision cost, xc, if they wish to optimize
with a new technology instead of taking the default choice. This cost represents both
material search costs of making the decision as well as potential cognitive costs, and is
heterogeneous over individuals, with variation that is captured by « and distributed as

f(x). If they do optimize, they pay their decision cost, xc, but incur no loss otherwise.
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Additionally, I now assume that (ii) if they take the default, they incur a heterogeneous
loss measured as the present value of the utility loss as compared to their optimal
choice, captured as L. This is the foregone benefit from not optimizing. The consumer
loss function is distributed over the population as g(L). For simplicity, I assume that
o and L are independently distributed, though as we shall see below, any correlation
between them would significantly affect the optimal policy choice.

If people could accurately perceive the value of L, «, and ¢, they could then make
an optimal trade-off between the cost to adopt a new technology and the loss if they
take the default option. Unfortunately, the evidence suggests that individuals do not
accurately perform this trade-off, and so I further assume that (iii) agents overweight
the cost of making a decision by a factor of A. Finally, I assume (iv) that agents are
aware of the values of all of these parameters, «, ¢, A, and L, but act naively, taking
A as part of their utility functions instead of realizing they will not actually incur the
cost. In this way it affects their decisions, but not their payoffs. The policymaker has full
information.

Consumers must therefore make a cost-benefit analysis: they compare their percep-
tion of the costs of the decision against the benefits. This trade-off is represented by the

decision rule

L > Axc Agent Optimizes
(1)

L <Aaxc AgentTakes Default

If the loss from the default, L, is larger than their perception of the costs of researching
and adopting a new technology, Axc, then the agent chooses to optimize. If L is smaller,
then they will choose to take the default. This default may simply be to preserve the
status quo, continuing to have an uninsulated loft, or to follow a simple heuristic or
other rule: doing what their neighbours did, or accepting the recommendation of a
home builder. In all cases, however, the default represents the option with the lowest
decision cost. Crucially, this decision rule is efficient only if A = 1.

L, A, and « are all characteristics of the agent, whereas c is based on the difficulty of
the decision. An agent therefore makes their decision by comparing their value of ﬁ

against the difficulty of the decision, c. Figure 1 captures the result of this comparison:
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agents with ﬁ below the critical value of c take the default: agents with a higher value

L . .
of 55 optimize.

Figure 1: Optimization Decision Rule

-« —»
Teke Optimize
Default

c
L
Aa

Agents decide whether to optimize or take the default based on their values of L, A, and «.

Following Schwartz (2004), I refer to individuals who prefer to optimize given all but
the best of defaults as maximizers, and individuals who would prefer to take the default
given all but the worst of defaults as satisficers. In the model, maximizers have a low
value for «, and a high value for L: satisficers have a high value for , and a low value
for L. In addition, I add a third group: the marginal optimizers, who may currently be
optimizing or taking the default, but are prepared to stop or start optimizing given a
small push from policy. This group has moderate values for at least one of « or L.

Every individual in the population employs the decision rule as shown in 1, with
individual variation in & and L. The population therefore divides into two groups based
on their individual characteristics. The first group, with a sufficiently low « and/or high
L, will choose to optimize, and will get utility of —ac. The second group, with a high
o and/or a low L, will choose to take the default and get utility of —L. Total utility,

expressed as a loss function, is therefore the sum of these two groups:

U:/O [—/O occf(oc)doc—/L Lf(oc)doc] g(L)dL (2)

Ac
Note that the policymaker is not present biased (A = 1), but that present bias still

plays a role in social utility by determining how many consumers optimize and how
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many take the default. This also implicitly assumes a utilitarian social welfare function,
an aspect which will be discussed later. For simplicity, I initially assume a scalar value
for L, instead of treating it as a distribution over the population. This helps clarify the
trade-offs inherent in behavioural policies and their effect on the number of consumers
who optimize. This is presumably also an accurate reflection of situations in which there

is little or no heterogeneity in loss functions. This assumption is relaxed in Section 2.4.3.

2.4 POLICY INTERVENTIONS

I examine four separate cases related to the model: when the policymaker controls the
complexity of a decision; when the policymaker controls the size of the choice set; when
the policymaker controls a default; and finally, combinations of the preceding three
policies. All of these can arguably be referred to as nudges, given their behavioural
economic motivations, but defaults are perhaps the most common case. For each, I
examine their impact on welfare and their optimal design.

First, note that traditional economic policies may not be effective in addressing de-
cision costs. If consumers are taking a default bundle of environmental technologies —
a government recommendation, or a simple heuristic such as the 1 rule (Benartzi and
Thaler, 2001) — that contains too many inefficient technologies, a policymaker might con-
sider taxing carbon or inefficient technologies to incentivize efficient technology adop-
tion. Doing so encourages some consumers to stop taking the default and adopt a more
energy efficient technology bundle, but also distorts the capital allocation decision of
the optimizers, creating a deadweight loss. If consumers are rational, such that A =1,
the net effect will be negative, as follows from the First Theorem of Welfare Economics.
Even when A > 1, governments often consider behavioural economics and behavioural

policy as an alternative to traditional monetary instruments.

2.4.1  Decision-Making Costs

A natural alternative to taxing energy is to inform the public which appliances use the

most energy and how consumers can best reduce energy use, simplifying the consumer
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decision. In the model, that is reflected in a fall in c. I find that simplifying decisions
brings two complementary benefits, both encouraging individuals to optimize and in-
creasing the benefits to optimizers, in contrast to the policy options considered below.

It is perhaps the most obvious thing a policymaker can do to help a decision-maker
faced with a difficult choice: make it less difficult, at some cost to society. This could en-
tail making the actual problem simpler, by improving labeling or sorting of options, or
by reducing the difficulty a person finds with a problem, perhaps by increasing knowl-
edge about the problem or familiarity with the trade-offs required. For energy-saving
technologies, this could include energy star labeling, providing resources to inform the
consumer decision, or the ‘tiering” of options (Huberman, Iyengar and Jang, 2004). Note
that the cost to society of reducing c is likely convex, since as a problem becomes eas-
ier it will become increasingly hard to simplify further. In addition, some costs of the
decision may be inescapable: regret over lost opportunities, or the need for introspec-
tion, for example. Otherwise, if ¢ could be reduced to zero, all individuals could choose
optimally at no cost to themselves. These costs may be direct, as when the government
incurs costs to provide resources to consumers, or indirect, as when firms are forced
to increase prices to compensate for conforming to regulations simplifying consumer
decisions.

The policymaker has the welfare function from equation (2) with a cost to society of
decision simplification, G(c), included. I initially treat L as a scalar, for simplicity: this

is relaxed in section 2.4.3.

L

u= —/:oLf(oc)doc—c/OM of(a)doe— G(c) (3)

Ac

Individuals with a low &« optimize and incur a cost of «c, while the remainder of the
population take the default and incur L. Society incurs G(c), the cost in social welfare
of reducing c further, with G’(c) < 0. The total social welfare loss is the sum of these
three types of costs.

The policymaker wishes to reduce the complexity of the problem when the derivative
with respect to c is negative: that is, when reducing ¢ will increase welfare. Taking the

first derivative gives us:
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au 12 /L 1 re ,
i —Ef <7\c> <1 — 7\) —/0 of(a)doe—G'(¢) (4)

The first term in (4) captures the change in who optimizes as a result from the change

in c: a lower ¢ means more people will choose to adopt their optimal technology. Since
optimizing is now easier, fewer consumers are discouraged from optimizing, and so the
number taking the default falls. This is the composition effect. Because agents overesti-
mate the size of the costs due to A, too few of the marginal optimizers optimize, and so
reducing c helps compensate for this, leading to a welfare gain. The larger the number
of consumers who are convinced to start optimizing and the more they overestimate
decision costs, the larger the benefits from the composition effect.

The first term reflects the welfare impact of convincing people to start optimizing. The
second term captures the benefit to optimizers from incurring a lower cost, the payoff
effect. Since optimizing is now less costly, anyone who does optimize pays a lower
cost to do so, increasing total welfare. Finally, recalling that G’(c) < 0, the third term
reflects the cost to society of lowering the decision cost. Since the first term is negative,
the composition effect provides an incentive to lower equilibrium decision costs below
what an analysis that only accounts for the payoff effect would suggest: the size of this
benefit depends on the distribution of decision costs, how accurately consumers weight
future costs, and their relative loss from taking the default and optimizing.

How does optimal policy compare to when consumers are not present biased? Con-

sider the benchmark case: A = 1, and individuals weight costs accurately.

L
%= [ afloda—gle) 0

Here, the first term disappears and the second is strictly negative, and so selecting the
optimal value of ¢, c*, is a matter of equating the marginal cost of reducing c against
the marginal benefit in terms of reduced complexity for those who do optimize. When
people optimize correctly, there is no welfare gain from individuals choosing whether
or not to optimize, since reducing c no longer compensates for an insufficiently large
incentive to optimize, and the composition effect does not affect welfare.

What about when A > 1? When agents overweight costs, the marginal benefit from

encouraging them to optimize is positive, but the number of agents who are optimizing
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as a fraction of the total population is also smaller, ceteris paribus, reducing the size of
the payoff effect. As a result, the benefits to reducing the decision cost also increase. The
new optimum value of ¢ is therefore ambiguous relative to the optimum when A = 1.
Formally, the net benefit of reducing the decision cost increases for a marginal increase

in A when an elasticity condition holds:

(LY L L
i (}\C>)\C>f<)\c> ©®)

When the increase in benefits from the composition effect outweighs the fall in the
payoff effect, then a policymaker should simplify a problem beyond what they would
in the benchmark case. If we compare a situation where the same number of consumers
optimize in both cases, however, the composition effect adds a strict incentive to reduce
the decision cost further.

The optimal level of decision complexity depends on the marginal benefit from both
the composition effect and the payoff effect, and analyses that account for only one
of these effects will underestimate the optimal level of simplification appropriate in
a given context. A policymaker who realizes that consumers are present biased and
face decision costs, but does not account for the composition effect in their cost-benefit
analysis, will unambiguously set the decision complexity too high because they do not
account for the benefit to consumers who were taking the default, and begin optimizing.

Reducing the difficulty of a decision doesn’t just help those who were already op-
timizing: it also encourages consumers to optimize. Equally, creating a policy that is
complicated to obey doesn’t just hurt those who must now struggle through it: it also
imposes costs on those who now decide not to optimize at all. Policymakers, who often

seem to prefer the complicated over the simple, should account for this.

2.4.2  Choice Intervals

A vast array of energy efficient technologies are available for adoption. Even if well
labeled and explained to the consumer, the selection can be intimidating, and a pol-
icymaker may naturally consider whether reducing the number of options available
might increase welfare. A second policy alternative is therefore to restrict the choice set.

At an extreme, this could entail forcing all individuals to make the same choice, per-
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haps requiring all households to install the same technology. More moderately, it could
mean restricting the number of options available for a given type of technology, such
as insulation or window glazing, or creating categories of technology such as high-cost,
high-savings technologies and low-cost, low-savings technology, but allowing only one
option within each type. This may make it easier for decision-makers to choose between
the remaining options by reducing the effort required to optimize, but potentially at
the cost of preventing some agents from fully optimizing, as their optimal choice might
not be in the choice interval provided. As in the case of reducing c, the net effect of
changing the choice interval is composed of several parts that I examine in turn. A pol-
icymaker requires substantial information about the preferences of a population to use
choice intervals effectively, though this challenge can be simplified by looking only at

the preferences of certain critical subgroups.

2.4.2.1  Welfare Effects of Changing the Interval Size

Before considering policy design, a brief discussion may help illustrate how con-
sumers are affected by the size of the interval.

Intervals are useful because of the heterogeneity of preferences. If some individuals
in a population would prefer choices outside the current interval, their payoff to opti-
mizing would increase if the interval was expanded. Equally, if everyone wanted the
same point in the choice set, then expanding the size of the interval beyond that point
has no benefit.

Consider a population with optimal choices uniformly distributed between a and b:
the ratio of yearly savings to installation costs, perhaps. Depending on their individual
characteristics, each individual may have a slightly different optimal level. A policy-

maker offers an interval of an arbitrary size between A and B, as shown in Figure 2.

Individuals who have an optimal point outside the choice interval do the best they
can by selecting a point on the boundary of (A, B). An individual whose optimal choice
is a, for example, would select A. Absent decision costs, it is intuitive that increasing
the size of the interval will increase the number of agents who can select their optimum,

and so make them better off.
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Figure 2: Choice Interval

—— Choicelntervd

~_ Range of Optimal
Outcomes

a A B b

The policymaker chooses a choice interval out of the range of all possible outcomes to allow consumers to
select from.

Total utility for the population is equal to the utility of those individuals who can
optimize, which without loss of generality I set to zero, plus individuals whose prefer-
ences lie outside the interval, and do the best they can by selecting the boundaries. The
cost of choosing away from the agent’s optimal point is taken as quadratic, so that being
forced farther away from their optimum imposes increasing costs.

Total social welfare is therefore:

A

LI
uz—/bla(A—x)zdx—/ (x—B)%dx 7)

B b—a

a
Setting the population interval to [0, 1] such that a =0, b =1, and defining the choice

intervaltobeA:%—s,B:%—i—s,withsg%,

2(1
Finally, differentiating utility with respect to the size of the interval, ¢,
du 1)
Fiiae (z B ) )

Increasing the size of the choice interval increases utility. In this simple case, the

interval should encompass the preferences of the entire population, so that ¢ = % Since

d2u

g2 = 2+4cand € < 1, the second derivative is negative and increasing ¢ has
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diminishing marginal returns. More generally, utility as a function of the interval is
cubic: for small values of ¢, the impact of a change is small, but as ¢ increases the effects
of a change in ¢ increase, as seen in equation (9), where an increase in ¢ translates to an
increase in [A, B]. When the interval is small, it is less likely to be optimal to increase
the interval.

Increasing the size of the interval can also impose costs on boundedly rational con-
sumers, however, in the form of research to learn about new options as well as effort to
compare possible outcomes. The second step can be particularly difficult when compar-
isons need to be made about non-quantifiable properties, or along multiple dimensions
when no one option is best in all dimensions. Choosing a higher salary at the same
job may be simple, but changing jobs, which may involve changing location, coworkers,
and responsibilities, is often a difficult choice.

Consider a decision-maker faced with n different technologies which he could adopt
to reduce energy consumption in his home. I assume that the decision-maker must
research each option, at an average cost r per option, to determine its level of energy
savings, maintenance costs, installation costs, and other characteristics. The expected
marginal research cost to increasing the interval by one option is therefore r. Second,
the decision-maker must compare this technology to the other options, determining his
preferences on issues including pay-back time, upfront costs, and level of disruption
from installation.

For simplicity, I model this second part of the decision as pairwise comparison: the
decision-maker compares in turn all different pairs of options.3 The total number of

pairs, p, is therefore ,C; = ™1 ‘and p is convex in n. Maintaining the simplicity of

the example, we can then define the complexity of the decision, c, as

(n—1)

c:ﬁrn—l—pzﬁrn—i—n > (10)

This provides an upper bound for the possible costs of comparison, as it ignores the possibility of transi-
tivity in choices. It seems reasonable that preferring a to b, and b to ¢, provides information about a and c.
Since the data is not conclusive on to what extent real preferences are transitive (for example, Kahneman
and Tversky, 1979), the issue of transitivity is left for further study. Another approach would be to follow
the optimal search literature: agents search at random through options, and adding another option adds a
linear cost based on the chance it might be chosen instead of the optimal one (for example, Stigler, 1961).
This cost is therefore diminishing as n increases. This could provide a more detailed justification for the
research cost suggested above, but does not account for decision costs from comparing options.
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where 3 is a weighting variable reflecting the relative importance of r and p. This exam-
ple is done in discrete space, but an analogous process could be conducted over contin-
uous decisions by breaking the choice interval into discrete sections (saving roughly 8%
against roughly 10%, for example) and comparing those sections. The rate of change in
c is therefore;

dc 1

azﬁr—kn—i (11)

The complexity of the decision is convex in the size of the interval, and increasing the
number of available options by one increases decision costs by Br+n — 3. The larger
the current number of choices, the larger the effect on decision complexity of adding or
removing a choice.

This suggests that the benefit to reducing the size of the interval diminishes as the
size of the interval falls, while the costs to decreasing the size of the interval increase
as the interval shrinks, as established above. There will therefore be an optimal choice

interval that balances these two effects.

2.4.2.2  Optimal Choice Interval

Let us assume that the set of possible technologies, interval I € R¢ , maps to a set of
optimal savings-to-cost ratios. Each agent therefore seeks to select their optimal point
from within the interval. For convenience, let us define the welfare effects of the interval
size as Z (I), which modifies the loss the consumers get from taking the default as
opposed to optimizing. The difference in welfare between optimizing and taking the
default is then L+ Z (I). The decision costs are a function of interval size, ¢ (I). The

policymaker maximizes the social welfare function:

L+Z(1)

Ac(D) o0
U:/O (Z (1) —oc (1)) f () doc—/L;CZ(I[)ULf(oc) do (12)

As before, total welfare is the sum of the welfare of two groups: those who optimize
and those who take the default.* The welfare impact of a change in the choice interval

is therefore the derivative of the utility function with respect to I: when it is positive,

Note that the societal cost to a policy, earlier G(c), has been omitted. This remains an issue, but is omitted
in the next two cases in order to highlight the innate costs to such a policy, even if it were free to implement.
Adding it would only increase the trade-offs presented here.
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reducing the choice interval will reduce welfare. Taking the derivative with respect to

the interval,

du B 1 L+Z(I) Z'(I)c(I)—(L+Z (D) (1)
o [(H) “”“”f( Ae (1) ﬂ [ A2

L+Z(1)

+/ Ac(D) (Z, (1) — e’ (U) flo)dax (13)
0

Though less straightforward to interpret than the earlier case, the change in utility
again reflects two basic effects. In the benchmark case when A = 1 and individuals
optimize correctly, the first term is zero. The impact therefore depends only on the direct
effect of a change in the interval on optimizers, captured in the second term. Reducing
I reduces their cost of optimizing, c, but also means some agents will no longer be able
to select their optimal choices. This is the payoff effect.

When A > 1, the first term is non-zero. It captures the utility benefit from convinc-
ing individuals who were not optimizing because of their over-weighting of costs to
begin doing so. The result is a net benefit to welfare, but only when individuals do not
optimize correctly. As in the previous case, this is the composition effect.

Reducing the choice interval brings two benefits, reducing the costs paid by optimiz-
ers and reducing the disincentive to optimize. As before, the composition effect presents
an important factor to account for in cost-benefit analysis. Even if the direct benefits of
providing more alternatives outweigh the costs, the loss in welfare from reducing the
number of people who optimize may lead to a net negative impact. This may have been
the case with Medicare Plan B, in which the Bush administration’s attempt to allow
seniors to select their own drug plans ended up discouraging participation (Thaler and
Sunstein, 2008). Similarly, it may be beneficial to reduce the choice interval even when
doing so removes options that some consumers value, since the net effect may be to
encourage people to optimize.

If Z/(I) > ac’(I) for x € [0, L;“CZ(I()U] and A is sufficiently small, then both terms

are positive, and so increasing the interval will make agents better off. Intuitively, this

condition holds when increasing the interval brings more benefits than costs to every
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individual who chooses to optimize, and the composition effect is relative small: the net
effect is therefore positive.

The net effect can be negative, however, even if some agents are made better off.
This is true whenever increasing the interval discourages sufficient consumers from
optimizing, or when it makes consumers who do optimize sufficiently worse off. The
net effect will then depend on the relative densities of the population and A, as can be
seen from equation 13. In some cases, it will be optimal for the policymaker to reduce
the size of the choice interval, leading to a potential Pareto improvement, or a full Pareto
improvement if compensation to agents who are made worse off is possible.

Finally, note that the key consumers in equation 13 are those whose decision diffi-

culty is between [0, L;r CZ(I()I )], The effects of reducing the choice interval matter only in

their impact on those who are already optimizing, or who are likely to change their
decision of whether to optimize: those who consistently take the default are irrelevant,
because they will simply continue to take the default. Policymakers considering chang-
ing the choice interval can simplify their problem by considering only agents who are
currently optimizing or are likely to begin doing so. As a simple example, allowing
teaser-rate mortgages as a non-default option may bring benefits to society even if they
are harmful to unsophisticated buyers, because the only agents who optimize and use
them may be sufficiently sophisticated to take on the risks, while unsophisticated buyers
take the default, simple, mortgage. The overall information requirements are therefore
not as large as they initially seem. Instead of requiring information about the entire pop-
ulation’s preferences, the policymaker is interested only in the preferences of a certain
subset. Nevertheless, this remains a relatively strong requirement on the policymaker,
and in many situations it is unlikely that the policymaker will have access to sufficient
information.

Note that if a policymaker could remove options that no agent found optimal, then
Z'(I) =0, and so % < 0: reducing the interval will always improve welfare. If such
areas of the choice set can be found, therefore, then it is optimal to remove them from
the available options. This will not, of course, always be possible: if agents are suffi-
ciently heterogeneous, or if in a Hayekian sense a policymaker is uncertain about which
options are best for agents, then E[Z’ (I)] may be nonzero everywhere. Uncertainty over

which areas are optimal for agents does not preclude optimization by the policymaker,
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however, who can weight the expected value of Z (I) based on the information the poli-
cymaker does possess.

Two lessons for policymakers emerge from this analysis. One, that only certain sec-
tions of the choice interval matter to welfare, depending on who is optimizing and who
is taking the default; and two, that an optimal choice interval will have to account for
the fact that reducing the interval encourages people to optimize, and so may be of
particular benefit when people overestimate costs. These lessons are discussed in detail

below.

2.4.3 Default Options

In some cases, it may be difficult to affect the complexity of a decision or the number
of choices. As a result, a government may consider trying to change the default option:
implementing a single recommended insulation type and level, for example. The goal is
for the government to reduce the losses people incur from taking the default by altering
what default people take. This approach is seen as desirable over coercion or choice
restriction because they still allow those who strongly prefer another choice to select it,
instead of requiring a homogeneous choice for the whole population.

So what exactly is a default in this context? It is the low cognitive-cost option, the
easiest choice. Not participating, taking the same option as last time, or imitating others
are all possible defaults. Importantly, even in the absence of policy, defaults can and
generally do still exist, options that I will call natural defaults. In pensions, this can be the
equal allocation of capital across funds using the % rule (Huberman, Iyengar and Jang,
2004), or to invest in the fund with the highest historical returns (Cronqvist and Thaler,
2004).> For energy efficient technology, it is often to remain with whatever technology
is currently installed or to follow an official recommendation. This explains why the
best time to target households with energy efficient advice is when they are already
moving home or replacing technology (Verplanken and Wood, 2006), or why almost all

houses in the UK that install insulation do so to the 27omm of mineral wool insulation

Not always sensible: in Sweden’s 2001 reform of their social security system, the firm with the highest
historical returns received a large market share, but also lost 70% of its value over the following three

years.
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the UK government recommends (Trust, 2013). These may or may not be good criteria
on which to select technologies: they are, however, examples of natural defaults, and
are likely chosen not on the basis of a personalized future-looking analysis, but rather
by a simple heuristic. In some cases the natural default may remain in existence even
as official defaults are introduced, potentially leading lead to multiple modes within a
distribution, as people mentally establish one or the other option as the default.

Even basic defaults are therefore not simple. There is, however, a further complica-
tion: changing the default changes the expected benefit from optimizing, and so affects
who optimizes. Similar to reducing the choice interval, improving the default option
(modeled as reducing the losses people incur from taking the default, L) can have sig-
nificant indirect as well as direct effects that may move in opposite directions. The net
impact of defaults depends on the distribution of the population. For that reason, I first
consider a simple case with a homogeneous value of L before allowing it to vary across

the population.

Homogeneous L

As before, I begin with aggregate welfare from (2). I consider a policymaker able to
improve the default option for agents, thereby reducing L.

Clearly, L = 0 is optimal, but that may not be a feasible choice. I therefore examine
whether it is optimal to improve the default when the default cannot be set to be optimal
for all consumers: L is strictly positive. Why would this be the case? Intuitively, if people
incur different losses from the same default, there is unlikely to be one best default.
Instead, any default will be good for some and bad for others.

The policymaker has a welfare function:

L

u :—/Lool_f(oc)doc—c/om of(o)do (14)

Ac

To find the impact of changing the default, I differentiate with respect to L, giving:

du L L 1 L
= () ) (-3) ) - )

Where F (X) is the cumulative distribution function of « evaluated at X.
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As before, we see two distinct effects. The first term captures the change in who
decides to optimize, the composition effect, while the second term captures the benefit
to those who take the default and now incur a lower loss, the payoff effect. When A =1,
only the second term is non-zero, since decisions on whether to optimize or not are
optimal. When A > 1, however, making a default worse encourages more consumers to
optimize when it is efficient for them to so do, and so has a net benefit.

Rearranging equation (15), we see that the value of ¥ depends on the hazard rate,
(k)
1-F(x)
lower value of «. 4t is positive when

(1-3) ()¢ f(FALC)z)) g to

The hazard rate is critical because it reflects the relative weight of individuals who

: the chance that a given individual has « = )\—LC given that he does not have a

are already taking the default against those who will decide to start taking the default
based on the new value of L. The optimal policy is therefore determined by the ratio of
individuals who do better because they are still taking the default to individuals who
do worse by having their decision whether to optimize distorted.

What distinguishes this policy from varying the interval? Now, the payoff effect bene-
fits those who continue to take the default, instead of those who optimize. It is therefore
the number of individuals who take the default, rather than the number who optimize,
that matters relative to the number who inefficiently stop optimizing. In consequence,
when a policymaker improves a default, individuals who take the default are better off,
and more people take the default, leading to a self-reinforcing cycle.

To see this, consider the critical value of ¢, ¢*: when ¢ > c*, it is optimal for a policy-

maker to improve the default. Rearranging equation (16), we get;

(17)

When ¢ > c*, then it is optimal for the policymaker to improve the default, since

dau
dL

< 0. If the decision is sufficiently difficult, then many individuals take the default,
and so the policymaker should improve it. When ¢ < c¢*, the default should be made
worse: then, relatively few people take the default, and so a policymaker can do better by

encouraging them to optimize by increasing the loss from taking the default. Depending
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on the nature of f(o), ¢* may be a local or global crossing point, though in some cases
the single crossing property will hold, as when « has a uniform density.

Consider the case when A = 1. Above, I noted that this meant encouraging individ-
uals to optimize had no effect on social welfare. As a result, ¢c* = 0, and so ¢ > c*
and it is always optimal to improve the default, regardless of its initial value (ignoring
possible societal costs of default improvement). This reflects the fact that when A =1,
the first term in equation (15) is zero: if everyone is optimizing correctly, then there is
no composition effect, and the default should be made as good as possible.

When A > 1, however, c* is nonzero. It is then possible that ¢ < c*. It is then optimal
to implement a worse default, rather than a better one.

The intuition behind this result is that unlike in the simple case of reducing decision
complexity, but similar to the case of controlling the choice interval, the conflicting com-
position and payoff effects from improving a default mean the sign of 4t is ambiguous.
When a default is already bad, or a decision is particularly complicated, then improving
the default only helps the few people currently taking the default. It also distorts the
optimization decision, however, convincing some consumers to stop optimizing when
they would be better off doing so. If there are many consumers who choose to stop
optimizing, then imposing a default will lower social welfare. When a default is already
good, in contrast, many people are taking the default, and so the benefits of improving
a default are large. Figure 3 presents the effects of an improvement in the default from
L to L’ for an arbitrary distribution of ;= .

First, L falls to L', moving h(L, «) left to h(L’, «). This increases the welfare of those
who take the default, but also increases the number of people who take the default.
The policymaker must therefore balance the benefits to those beneath the green curve
on the left hand side of the graph against the potentially negative effects to the group
between the green and blue curves on the left hand side, which represents individuals
who started taking the default in response to the policy. Depending on the shape of the
curves, the net effect could be positive or negative.

Equation (17) has implications not just for when the impact of a default is positive,

but also for the nature of the optimal solutions. In particular, note that when the ‘(iiCL* is

positive, then the optimal values of L will be boundary solutions. To see why, note that

dc* .
a >0 when:
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Figure 3: Optimization in Response to an Improved Default
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When a default is improved, the share of the population that chooses to take the default increases because
their loss from doing so falls. The population shifts from the green to the blue distribution.
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This holds when f (55) +f' (5=) () is either positive or small and negative. When
f’ (}\—LC) > 0 (when the density of the population with decision cost « increases as ALC
increases), improving the default causes c* to fall, and worsening the default causes
c* to increase. This occurs because improving the default encourages an increasingly
small number of people to start optimizing when f’ (5= ) > 0. The cost in terms of lost
optimizers is therefore diminishing as the default is improved, and so the net benefit
increases.

As a result, improving the default when ¢ > c* loosens the relevant condition. To
illustrate, if c is above c*, then the default should be improved. This causes c¢* to fall,
and so it remains optimal to continue improving the default, reducing c* further. If it
was optimal to improve the default before, it remains optimal to do so. The result is a
boundary solution: the default should be made as good as possible. The opposite also
holds: if it was ex-ante optimal to worsen the default, then as it increases fewer people
will take the default, and the benefits to worsening the default increase further: the
default should be made as bad as possible.

If f (5) < 0, in contrast, an increasingly large number of individuals start taking

the default when the default is improved. This implies that the marginal cost in lost
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optimizers from improving the default increases. If it increases sufficiently, the cost in
reduced optimizers outweighs the marginal benefits, and it may no longer be optimal
to continue improving it. The solution is therefore interior. This is particularly likely to
be true when the loss from the default is high, since the cost to encouraging people to
take the default is then larger.

It can therefore be optimal to improve or worsen a default, and in some cases an ex-
treme default may be welfare-maximizing. If many people are already optimizing and
relatively few taking the default, then improving the default helps only a few people,
while potentially discouraging a larger number from optimizing at all.® Marginal opti-
mizers are harmed by an improvement to the default, while individuals who continue
to optimize are unaffected. The only group to benefit are those who are already taking
the default and whose decision on whether to optimize or not is unlikely to change.
When a default is worsened, in contrast, optimizers remain unaffected and individuals
who take the default do worse, but agents who are convinced to start optimizing do

better. Designing an optimal policy requires balancing these effects.

Heterogeneous L

I have so far omitted the possibility of heterogeneity in the losses from taking the
default, L. This allows for some individuals to choose to optimize, and others to take
the default, but enforces uniformity within each of those groups other than over o. If
we allow for heterogeneity in L, however, then not only does the population divide into
those who optimize and those who take the default, but individuals within each group
will vary in how bad they default is for them. The policymaker therefore has an interest
not just in how many people respond to the policy, but who within each group decides
to start or stop optimizing, since some of them incur a higher loss from the default.

I earlier assumed L to be non-zero. Now the rationale for this follows directly from the
model, since changing a default will make some people better off and others worse off:

£

improving’ the default from L to L” implies that L has first-order stochastic dominance

A related concern is that a government induced default may often be simpler than the previous, natural
default. Not opting out of a government sponsored renovation, for example, poses a smaller cognitive cost
than finding out what your neighbours did. This suggests that c, thought of as the difference between
taking the default and optimizing, may increase when a stronger default is created, further exacerbating
the composition effect.
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over L’. If the default is to install a minimal amount of insulation, for example, leading
to energy wastage but incurring a low installation cost, creating a new default with a
higher insulation level will be good for those who have disposable income, but bad for
young people or others who require short-term liquidity, even if the increased insulation
pays for itself several years later. These groups may in turn have different reactions to

the same policy.

Since the policymaker can no longer choose a single level of loss for the population,

let us define the distribution of the loss function over the population as g (L, k), where k
is the policymaker’s choice of default. By altering k, the policymaker is able to change
the distribution of L.7

The policymaker chooses a default, k, to maximize the social welfare function:

U—/O [_C/OM of (&) doc—/L Lf(x) doc] g(L,k)dL (19)

Ac

Differentiating with respect to k gives:

o]

When the policymaker changes the default, they affect the number of consumers who

o\é:"_

o) dagy (L, k) dL — // o) dagy (L, k) dL (20)
0

L
Ac

take the default as well as the losses from those who do. The sign of 4! determines
when it is optimal for a policymaker to reduce or increase k. An improvement in the
default (reduction in k) is optimal when the losses to the group that stops optimizing

are outweighed by the benefits to the group that take the improved default:

00
C/
0

When both the distribution of L and the distribution of « are considered, the same

o\:‘,_

o) dagk (L, k) dL > — // o) dagy (L, k) dL (21)
0

L
Ac

issues as in the homogeneous-L case are relevant. In addition, however, the interaction

between the two variables now matters. Intuitively, it is the ratio between the loss they

7 This implicitly imposes independence between L and «, since f(«) is not a function of k: a dependent
relationship could be captured through the use of a joint distribution of L and «.
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incur from the default and their decision cost that determines an agent’s choice to take
the default or optimize, and so the interaction between their relative densities will deter-
mine who responds to a policy measure. Clearly, if L and « were correlated, the nature
of the correlation would play a large role in determining the welfare impact of a policy.

Previously, households who found decisions difficult would take the default, while
those who found them easy would optimize. Now, households that find decisions diffi-
cult may still optimize if they stand to lose a lot if they take the default, and households
that find decisions easy may choose not to optimize if taking the default costs them
little, as in Figure 4. As before, if the group that stops optimizing is large, then the net
effect of the policy could be negative, but the size of the effect now also depends on
which agents stop or start optimizing, not just how many of them do. The interaction
between the decision cost and the loss from taking the default determines the welfare

impact for a consumer of taking the default or optimizing.

Figure 4: Optimization Decision with Heterogeneous L

S Take Default
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When both L and « vary in the population, a consumer will decide whether to optimize or take a default
based on their relative values.

When might these distributional concerns be significant? Consider a group of indi-
viduals attempting to choose an energy-saving technology. Low net-worth individuals
rely on their income for subsistence, making savings relatively important, and so have
a high L: since many may also be less experienced with house renovations, they also
have a high «. High net-worth individuals, on the other hand, have a relatively low
value of L due to their reduced need for savings, and can also afford to hire experts to

help them with their renovations, meaning their value of « is relatively low. A policy-
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maker that improves the default slightly will encourage low net-worth individuals to
take the new;, still high-loss default instead of optimizing and lower their welfare, while
high net worth individuals continue to optimize. The negative effects of the policy are
exacerbated because it is high L individuals who begin taking the default when it is

improved.

2.4.4 Simultaneous Policies

In some situations, it may be valuable to combine policies. In taxation, for example,
several jurisdictions have experimented with the idea of ‘prefilled” tax returns, essen-
tially implementing a default return. Simultaneously, however, the tax code is often
used in an attempt to change behaviour by providing incentives for various types of ac-
tivities. Simplifying the tax return can therefore encourage people to take advantage of
incentive-based taxes, maximizing their effect, and also ensures more people optimize
their tax return. Without simplification, many individuals who might otherwise respond
to the incentives may just take the default, reducing the impact of the incentives.

Determining whether behavioural policies are complementary is a broad question,
but some basic observations can be made. Perhaps the largest advantage of such combi-
nations is that even if combining policies has only a small effect on aggregate welfare, it
can have significant distributional consequences. Combining policies can allow the pol-
icymaker to target policies better, such that the individuals who are best affected by the
policy can benefit from it, while reducing its impact on others. This, in turn, means that
combining approaches may minimize the distortions from a single policy tool. Estab-
lishing a default while reducing the complexity of a decision can help both those who
optimize and those who take the default, while mitigating the intergroup incentives
for some individuals to stop optimizing, for example. The same applies to changing
the choice interval and establishing a default: since the interval affects optimizers, and
the default affects those who take the default, the policies can be used to obtain their
benefits on the target groups while to some extent mitigating their consequences in

intergroup movement.
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Achieving such results is not necessarily simple. The effect of using two policies si-
multaneously varies heavily with the characteristics of the population, and so making
broad generalizations is not straightforward. To illustrate, consider the submodularity

of {(L, c)}, as in the case of prefilled tax returns:

(D)) =

Note that both terms are negative when f’ (%C) > 0, and U is submodular in ¢ and

L. Then, a policymaker choosing to reduce ¢ will want to increase L, and vice versa:
they are strategic substitutes. Intuitively, reducing the cost of optimizing, c, will make
optimizers better off and encourage an increasingly large group of people to start op-
timizing (since f (x=) is locally increasing). This reduces the number of agents taking
the default, and so reduces the marginal cost to increasing L. It is therefore optimal to
increase the loss from taking the default in order to encourage even more people to
optimize.

If £/ (}TLC) is negative and large, then U is supermodular in ¢ and L, and decreasing ¢
means the policymaker should also decrease L: they are strategic complements. When
this condition holds, reducing the cost of optimizing makes optimizers better off, but
increasingly few new people start optimizing. As the number of borderline optimizers
falls, the marginal cost of discouraged optimization from reducing L decreases. It is
optimal to improve the default and reduce L so that the group of people still taking the
default do better, since this will convince only a small group to stop optimizing.

The value of f' (5=) plays a similarly important role in determining the supermodu-
larity of U in the case of interval size and defaults or interval size and decision costs,
though with different specifics. Since f’ (%) determines how the population density
will change, it is a critical parameter in determining how policies should be employed.

The issue of how policies interact is a complex one, and heavily dependent on the
nature of the population. If we additionally consider the distribution of L, then a pol-
icymaker is concerned not just with the slope of f/, but with its interaction with L. In
general, however, as a policymaker encourages an agent to take the default some indi-
viduals will do worse than others, and so there is an incentive for the policymaker to try
to target policies more precisely. Combining policies can allow for more such targeting

by controlling several parameters within the model. Any such combination is sensitive
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to the distribution of the population, however, and so broad conclusions are difficult
to draw. For the moment, it is sufficient to note that policies may well have beneficial

interaction effects, and that it is an area in need of further exploration.

2.5 POLICY LESSONS

A number of policy implications can be drawn from the preceding analysis. The fun-
damental lesson is that behavioural policies can have costs and benefits similar to tra-
ditional economic policy, and must be carefully designed to fit a given population and
problem. Balancing the payoff and composition effects creates a trade-off that can play
a significant role in choosing when — and how — to nudge.

Decision costs are the most straightforward of the policies I examine. Simplifying
decisions brings two complementary benefits, encouraging individuals to optimize and
increasing the benefits to optimizers, and so is unambiguously useful to the policymaker.
Rather than taxing energy and creating a deadweight loss, for example, policymakers
should first turn to policies like simplifying the decision to insulate a loft. Doing so both
helps those who optimize as well as encourages households to optimize, both of which
increase welfare.

Too often, in areas like taxation, pensions, welfare programs, and environmental reg-
ulation, policymakers seem to err on the side of increased complexity in order to accom-
modate all interests, failing to realize that they may discourage the very populations
they are trying to help from taking advantage of them. In the case of Medicare Plan
B, for example, its complexity reduced its potential benefits (Thaler and Sunstein, 2008).
Policies like the British one of bundling loft cleaning with insulation, in contrast, provide
an unambiguous benefit and are a desirable line of policy inquiry.

The other two policies I examine are more complex. When designing a choice interval,
the policymaker must account for both the payoff as well as the composition effect,
realizing that adding or removing choices will affect the incentives to optimize as well
as the welfare of the households that do optimize. Fortunately, optimal policy design is
simplified by the need to address the preferences of only a subsection of the population.

Households that always take the default, for example, are unaffected by the size of the

choice interval as long as it contains the default. Choices that are only optimal for them
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can thus be removed from the interval without affecting welfare. The important section
of the population, in contrast, is those who are or may become optimizers. Removing
options that this section of the population would choose reduces welfare by denying
them their optimal choice. The optimal interval, therefore, removes all options optimal
only for default-takers, while potentially leaving those optimal for optimizers.

Beyond this minimum, it may also be optimal for a policymaker to further restrict
choice if the benefits in terms of reduced decision costs are sufficient to compensate
for the loss of options. In addition, the employer may wish to eliminate options even if
they are good for some optimizers, in order to encourage more individuals to optimize.
Whether this is the case will depend on how many households lose their optimal choices
and how many are convinced to optimize: the net impact of the payoff effect and the
composition effect.

Finally, I consider the effect of establishing a default. In general, defaults are seen as
useful policy tools because they allow individuals with a lot to gain from optimizing
to opt out and continue to optimize. If the distribution of preferences is wide, then a
default helps those in the center of the distribution while allowing for the extremes to
continue optimizing. This simple conception of defaults omits a critical second param-
eter, however: the distribution of decision costs within the population. Similar to the
case of choice intervals, a policymaker considering improving a default must balance
a payoff effect from improving the welfare of consumers who take the default, and a
composition effect from convincing individuals who were previously optimizing to take
the default. If consumers overweight their decision costs, improving the default will en-
courage too many to stop optimizing, which can have a negative impact on welfare. The
hazard rate allows the measurement of the distribution of these trade-offs.

Analyses that consider only the payoff effect and not the composition effect thus over-
estimate how often defaults are useful. Because improving defaults helps consumers
who take the default and hurts those who are convinced not to optimize, it is inefficient
when few consumers are taking the default but many could be inefficiently convinced
to start if it was slightly improved, as occurs when problems are simple, when the sug-
gested default is still quite poor for most consumers, or when people do not overweight
costs significantly. In addition, the impact of using a default is determined not just by

how many households change behaviour in response to a default, but also which ones
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do: a household which incurs a large loss from taking the default may still be convinced
to do so if they also have high decision costs, incurring a larger loss than a household
with a low loss from taking the default and low decision costs.

Ideally, a policymaker should select a default that improves the outcomes only for
individuals who were already not optimizing. This avoids incentivizing individuals to
stop optimizing, while still helping those who take the default, and so negates the
composition effect. Defaults should thus be designed to target as exclusively as possible
the preferences of households already taking the default. Creating the default level of
energy efficiency to reflect the needs of older households, though they may represent the
majority of the population, will be ineffective if it encourages them to stop optimizing,
while younger households, who do not optimize, are faced with a default that makes
them worse off.

In some cases it may be welfare improving to worsen a default, in order to encourage
optimization. With a sufficiently bad default, only a very few people with extremely
large decision-making costs will choose the default. This, however, leads concerns over
equity. Though it may be efficient to set a worse default, the group with high decision-
making costs who select the default will be significantly worse off than those who
choose to optimize, based on characteristics that are arguably not theirs by choice. This
may lead to a conflict between utilitarian welfare functions, which I have implicitly as-
sumed, and Rawlsian functions, which would support worsening defaults only when
the worst off in society are helped by it.

Some analyses have suggested forced choice as equivalent to a default which is so bad
as to force agents to optimize (Choi et al., 2003). Unfortunately, this suggestion fails to
acknowledge the presence of natural defaults and heuristics outside of official control.
It may be that the number of people who would employ such a strategy is limited, but
they may incur significant utility losses, suggesting that forced choice does not resolve
the problem faced by a Rawlsian policymaker.

Concerns over equity relate to more than just the choice of social welfare function,
and there may well be rationale for a government to care about different individuals
differently. In a complicated world, individuals who find decisions easy consistently
do well, and so may have a lower marginal utility of income. As a result, making op-

timizers better off may not contribute as much to social welfare as imposing a default
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which helps individuals who find decisions difficult. In a laissez-faire society, a group
of individuals who find decisions difficult will end up taking the default in almost all
situations. That same group, therefore, will consistently do less well than an identical
one that finds decisions easier. A paternalistic state may feel a responsibility to help
individuals who are consistently disadvantaged in society, regardless of the impact on
individuals who find decisions easy.

How do these policy implications compare to the literature? The introduction of a
formal model allows for a systematic cost-benefit analysis of behavioural policy, some-
thing frequently not done in applied policy design. Many treatments of the problem,
and to an even greater degree much policy design, fail to account for the extra benefits
from encouraging people to optimize. In the case of simplification, this is a difference
of degree, not of sign, but for choice intervals and defaults, omitting the composition
effect can actually reverse the net welfare effect of the policy. The models highlight the
need to closely consider who is affected by a nudge and how they will react, instead
of hoping that consumers will naturally behave in the expected manner. Nudges can
impose distributional effects as serious as standard economic policy, and equity, as well
as efficiency, can arise as a serious concern in their design. Particularly challenging is
the fact that potentially efficient policies, such as forced choice or worsening a default,
may have particularly costly equity implications, meaning the value of such policies will

depend on the goals of the policymaker.

2.6 FIRMS

Firms are also in a position to affect the decisions of consumers. In particular, they are
often able to reduce the decision complexity faced by consumers, either by restricting
choice intervals, or more directly by providing clearer labeling or giving purchasing
advice. I find that monopolists can actually be efficiency improving as they have an
incentive to simplify consumption decisions, while more competitive market structures
can exploit decision costs as switching costs, potentially increasing profits but reducing
efficiency. This may explain the observed level of complexity consumers often face, from

breakfast cereal to colours of paint.
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2.6.1  Monopolies

Monopolists have an incentive to simplify decisions in order to make the decision
easier for consumers and increase the surplus they can extract. In some situations they
may therefore be efficiency enhancing, though they may also be able to extract the en-
tire social surplus from consumers. When decisions have a cost component that cannot
be eliminated by the firm, however, monopolists must leave significant surplus to con-

sumers in order to induce them to optimize.

Price Discrimination

Consider a monopolist that offers a choice interval of technologies x to a group of
consumers, where x e [a,b], as in Figure 5. Each consumer has a unique optimum
technology within the interval; consumers’ optima are distributed symmetrically as f (x)
over the interval. Consumers choosing to adopt a new technology can take by default
the choice at the center of the distribution, x = 0, or optimize to find their optimal

consumption point within the interval.

Figure 5: Consumer Choice Interval

<+
oy

Default

Consumers are distributed over the interval of optimal technologies, x.

If a consumer optimizes, they get the net value of that technology, V (x), which is
increasing in | x |. Agents whose optima are closer to the default get less value from
optimizing, and agents with more extreme optima receive a larger benefit from opti-

mizing. Without loss of generality, I assume that agents get zero utility from taking the
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default. For simplicity, I also assume that decision costs are constant across consumers:
heterogeneity in decision costs is reflected in the variation in V (x). This implies that
a symmetrical range of agents will decide to take the default, represented as the range
[—y, yl. Consumers decide whether conditional on the prices set by the monopolist, they
are better to take the default or optimize.

If consumers choose to optimize, they incur the decision cost, ac, and pay the ex-
pected price of their optimal technology. If they take the default, they incur no decision
costs, but pay the price of the default. It is thus optimal for them to optimize instead of

take the default if

E[V (x)] —Axc —E [py] > —pP (23)

where E [py] is their expected price of their optimal technology, A is how much they
overweight the immediate decision cost, and pP is the price of their default technology.
Note that there is likely considerable uncertainty over px and V (x) from the perspective
of the consumer, since by definition they do not know before optimizing what their
optimal technology is: it is therefore their expectations of the value and price of their
optimal technology that affects their decision. For simplicity of notation, however, I omit
the expected value term in what follows.

First, each consumer is assigned an optimal technology from the interval x. Second,
the monopolist sets prices for the default and non-default products: third, each con-
sumer forms expectations about the prices they will face if they optimize; and finally,
consumers decide whether it would be optimal for them to optimize or take the default.

Under the standard assumption that monopolists cannot charge consumers more than
their willingness to pay, and since the value of the default to the consumer is zero, it

follows that the monopolist sets p = 0 The monopolist’s revenue is therefore

- b
R = / Y o (x) dx + / prf () dx (24)
a y

Since the monopolist gets no revenue from consumers who take the default, it has an
incentive to maximize the number of consumers who optimize. We can now compare

monopolist behaviour to the standard case of pooling and separating equilibria.
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In a pooling equilibrium, the monopolist charges a flat price p to all consumers. A
marginal increase in p increases the revenue per unit of technology sold, but reduces the
number of consumers in the market. As p increases, more agents drop out of the market,
but the firm receives a higher price from the remaining consumers. The monopolist sets
the marginal revenue from a price increase equal to the marginal cost of lost consumers,
and so as in the standard case the elasticity of demand will determine the optimal price
for the monopolist.

Here, any consumer who has V (x) < Axc + p does not optimize. Hence, aty, V (x) =
Aoc + p. If we assume V (x) =| x |, for example, since consumers are distributed sym-

metrically the monopolist’s optimal price satisfies

darR _
dp

F(b)—F(p+Axc) —pf(p+Aaxc) =0 (25)
The monopolist balances the increase in revenue from increasing the price against the
marginal loss of revenue from consumers who stop optimizing, pf (p + Axc). Consumer

surplus is

b
2/ (x—ac—p)f(x)dx >0 (26)
P+Axc

Consumer surplus is weakly positive because monopolists cannot extract their entire
surplus in a pooling equilibrium unless they charge a price equal to the willingness
to pay of the consumer with the highest value of optimizing, in which case all other
consumers drop out of the market.

The monopolist may do better by price discriminating between products and creating
a separating equilibrium. Since consumers vary in their optimal choice along the inter-
val, a firm can offer a menu of choices increasing in price and value to the consumer,
and each consumer identifies their type by the technology they choose to adopt.?

Consumers optimize if the net value of optimizing is greater than the price they pay
at their optimum, py. In a perfectly separating equilibrium, the monopolist therefore

sets their price equal to the expected surplus of the consumer:

Price discrimination requires firms be able to rank products by their value to customers, which may not
always be possible
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Px = V(x) —Aac (27)

For all V (x) > Axc. At all other points, the benefit from optimizing is too small to
convince the consumer to optimize even if the product was free, and so they take the
default.

Note, however, that consumer surplus is based on realized utility, not expected utility.
The monopolist must offer each consumer a return of Axc in order to convince them
to optimize, but the consumer only incurs costs of «c. The consumer surplus to each
optimizing consumer is therefore Aocc — xc. A consumer who chooses to optimize gets
a strictly positive consumer surplus due to their overestimation of the decision costs
involved in optimizing. Monopolists cannot extract this surplus, because if they increase
the price sufficiently to extract a consumer’s entire surplus, then because the consumer
overestimates decision costs they will choose to take the default. The monopolist must
therefore share some of the surplus in order to convince consumers to optimize.

If we again assume V (x) =| x |, then total consumer surplus is

b
CS = 2/ Aoxc —ac)f(x)dx =0 (28)
A

xc

The scale of the shared surplus depends on the value of A, , and c; when these are
low, little surplus must be left to consumers to convince them to optimize, but when
they are high the monopolist may be able to extract relatively little from consumers.
Consumer surplus is therefore potentially increasing in A: increased irrationality can
be welfare enhancing for some consumers, because it increases the amount that must
be left to convince them to optimize. If Axc > V (x), however, the consumer takes the
default and gets zero surplus, and so if A increases sufficiently, all consumers take the
default and get zero surplus.

Price discrimination increases social surplus by allowing the monopolist to charge
each consumer’s willingness to pay and eliminating deadweight loss. Unlike in the stan-
dard model, however, even with considerable information about consumer preferences
the monopolist still cannot extract all consumer surplus, because consumers must retain
some surplus to convince them to optimize. Whether total consumer surplus is higher in

the separating as opposed to pooling equilibrium, however, is ambiguous. Consumers
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who do not optimize or who dropped out of the market in the pooling equilibrium are
always weakly better off in the separating equilibrium, but optimizers who previously
paid p and captured the rest of their surplus may now pay a higher price py, and keep

only what is necessary to convince them to optimize.

Decision Complexity

We have so far assumed that the monopolist takes decision costs as given. In some
cases though the monopolist may be in a position to change decision costs, by offering
advice or decision tools to consumers.

If the monopolist cannot identify consumers, then as before it must charge the same
price to all consumers. Since it makes no revenue from consumers who take the default,
it wishes to maximize the number of consumers who optimize. It is therefore intuitive
that the monopolist would prefer decision costs to be as low as possible, to increase the
number of optimizers and maximize their surplus from optimizing.

What if the monopolist can price discriminate? One feasible strategy for the monop-
olist is to maximize decision costs: all agents then choose to take the default. In this
case, the monopolist returns to a pooling equilibrium in which they are able to extract
the entire consumer surplus from taking the default. They do so, however, at the cost of
reducing the total surplus available: they can only extract the value of the default choice
from consumers, since all of them take the default.

What if the monopolist sets ¢ = 0? Agents make decisions optimally and receive the
full value of their choice, V (x). If the monopolist is able to price discriminate, however,

it can then extract this surplus. Revenue for the monopolist is therefore

R:/bV(x)f(x) dx (29)

a

Unlike in the previous case, since the consumer pays no decision cost, the monopolist
need not share surplus with them to convince them to optimize. The monopolist can
therefore extract all the consumer surplus. Eliminating decision costs is also the socially
optimal choice, since if decision costs are zero, all consumers get the maximum utility

from optimizing, and also do not overweight the cost of making the decision. Monopo-
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lists thus both maximize total social surplus, and capture all of it; they no longer face the
trade-off they did when unable to change decision costs. When monopolists are able to
price discriminate and control decision costs, in other words, they achieve the efficient
solution, but make consumers worse off.

Monopolists able to control decision costs are thus efficiency enhancing under some
conditions, though this may not make consumers better off as they can also extract
considerable surplus from them. When monopolists cannot control decision costs, or
when a decision is inherently difficult despite the efforts of the monopolist, they must
leave some surplus to consumers to incentive them to optimize, such that optimizers
have a positive consumer surplus: when monopolists can freely control the decision
cost, they set ¢ = 0, maximizing social efficiency but reducing consumer surplus to

zero.

2.6.2  Competitive Firms

Consider a market structure with two firms engaged in Bertrand competition with
heterogeneous products, so that p = mc for both firms. One firm offers the default tech-
nology, while the other offers a variety of possible optimal technologies for consumers
who choose to optimize. One firm, for example, may be a simple home improvement
firm that always insulates lofts with the same brand of insulation and to the same level,
without asking consumers for input: the other is a more exclusive custom insulation
firm, which leaves all decisions in the hands of the consumer.

In this market, decision costs effectively serve as a switching cost, preventing con-
sumers from easily moving between firms. They thus allow a firm to maintain its mar-
ket share even if it is relatively uncompetitive, and can also increase profits for firms
(see, for example, Beggs and Klemperer (1992)).

Consumers choose to buy from the default firm if p® —p<¢ > V (x) —Aac; as before, the
price difference, decision cost, and benefits of optimizing relative to taking the default
determine behaviour. Similar to the problem facing policymakers, because consumers
overestimate the difficulty of making the decision by A, in equilibrium inefficiently few

of them will choose to optimize.
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In the standard switching costs model, once a consumer purchases from a firm, that
firm becomes their default. Firms therefore make good offers to new consumers, and
then exploit their stickiness from switching costs to extract more surplus in later periods.
Here, the overestimation of decision costs creates a similar effect. A consumer that buys
the good once will settle on it as a default, and then persistently overestimate how
difficult it would be to optimize. From the perspective of firms, this increases consumer
switching costs, and so increases the ability of firms to extract surplus. Competitive
firms thus have little incentive to reduce decision costs.

A new entrant has an incentive to offer a simplified product, in order to attract con-
sumers. Such entrants face a fundamental challenge, however. In entering the market,
they increase the complexity faced by consumers, reducing the likelihood of any given
consumer switching to their product. Consumers previously had only one pairwise com-
parison to make, their current choice against the offering of the other firm. With a new
entrant they are forced to decide which of the two alternative firms they prefer before de-
ciding whether to switch. Even offering a relatively simple product might be insufficient
to overcome the increased complexity created by their entry into the market. In addition,
even if they offer significant incentives to consumers to switch, their efforts will have an
inefficiently small effect, due to consumers’ overestimation of decision costs.

Decision costs in a competitive market provide some insight as to how switching costs
arise as well as the potential challenges facing a new entrant hoping to acquire market
share. In comparison to a monopolist, however, competitive firms have less incentive
to reduce decisions costs, leading to an inefficient equilibrium and making consumers
worse off despite the presence of competition in the market. Decision costs provide a
motivation for preferring a monopoly to a competitive market structure for efficiency
reasons, because of their incentive to simplify the decision faced by consumers while

still potentially being forced to leave them some surplus.

2.7 CONCLUSIONS

To determine when and how behavioural policies should be used, clear modeling is
essential. This paper has addressed that gap in the literature through the use of decision-

making costs, drawing from the model various implications and conclusions.
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My fundamental conclusion is that behavioural policies lead to not just changes in
the welfare of groups in the population, the payoff effect, but also to the composition of
those groups, the composition effect. In a perfect world, a chosen default would reduce
the loss from taking the default only of individuals who should be taking the default
based on a rational trade-off, rather than inefficiently affecting intergroup movement.
This avoids incentivizing individuals to stop optimizing, while still helping those who
take the default: an unadulterated benefit. Even when this is not possible, defaults and
choice intervals should be designed to mimic the effect as closely as possible, targeting
only the preferences of the desired population.

In the absence of perfectly targeted defaults, behavioural economics does not provide
a silver bullet for dealing with decision-making costs. Instead, a policymaker must care-
fully balance the improvement in welfare for some against the costs to others. In doing
so, he or she is helped by the availability of more than one tool: controlling decision
costs, the choice interval, and defaults all present slightly different trade-offs, and so
are best used in different circumstances or to complement each other within the same
context. In addition, behavioural policies may still provide advantages over traditional
taxes and subsidies by allowing for relatively better targeting of policies and reduced
deadweight loss.

Reducing the costs of a decision provides the clearest gains because it both encourages
people to optimize and makes optimizers better off, leading to complementary effects.
Given it is generally a low-cost policy option, providing reliable and simple advice to
consumers is likely the first-best policy for governments to adopt.

Reducing the choice interval requires considerable information about the preferences
of the population, and may thus be complex. To some extent, however, limiting the
choice interval may be optimal, because it encourages agents to optimize. This policy
option should however be used with caution: though valuable when the policymaker
has sufficient information about preferences, in other situations restricting choice effi-
ciently may be difficult.

Finally, policymakers should not assume that always improving a default is optimal,
because it can also increase the number of agents who are discouraged from optimizing,
lowering social welfare. A negative default or forced choice policy, however, may not be

optimal from an equity perspective, particularly if too much of the population is likely

50



2.7 CONCLUSIONS

to adhere to the default in any case. It may also lead to a group of consistent losers
within society, those who find decisions difficult and always take the default.

Overall, a benign policymaker can draw three broad conclusions from the model. First,
policies should be designed so that compliance is simple, in order to encourage individ-
uals to optimize, rather than take the default. Second, policymakers should not assume
that an increase in choices or improving a default will always increase welfare: both
policies have their costs and benefits, most notably through the payoff and composition
effects. Whether their use is efficient will depend on the relative number of consumers
taking the default and optimizing, and how many will decide to switch when the policy
is implemented. Finally, targeting is of critical importance in any use of behavioural
policy: the better a policy can be designed to suit the needs of one population while
not affecting the choices of another, the better will be its impact on welfare. If the pol-
icymaker does not have full information about the population targeted, behavioural
policies may be inefficient or worse yet actually lower welfare.

As the world becomes more complex, there are indeed good reasons to employ de-
faults and behavioural nudges, but to believe they are a perfect solution to problems
is disingenuous at best. They are a policy tool like any other, and must be critically
evaluated and well-designed if they are to have a positive impact. This is particularly
true given their potentially conflicting payoff and encouragement effects, and their po-
tential for distributional consequences and equity-efficiency trade-offs. That said, they
also provide a useful complement to more traditional policies, and can have an effect

on and deal with challenges that other policies may be ill-equipped to solve.
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VIRTUE AND VICE WITH ENDOGENOUS PREFERENCES

“Pay attention to your thoughts, because they become your words.
Pay attention to your words, because they become actions.
Pay attention to your actions, because they become habits.
Pay attention to your habits, because they become your character.
Pay attention to your character, because it is your fate.”
- Talmud

3.1 INTRODUCTION

In standard economic models, preferences determine behaviour. In practice, however,
preferences can also be affected by behaviour: what we do may have implications for
what we want. For consumers, this is particularly relevant when the behaviour at issue
is the consumption of tempting goods: succumbing to temptation, by this reading, is
not just a matter of consumption but also of preferences. If the consumer does indulge,
they potentially increase the appeal of further indulgence: if they resist, they may make
it easier for themselves to resist further (Muraven, Baumeister and Tice, 1999; Oaten
and Cheng, 2006). Those who resist temptation can do better as their preferences im-
prove, reaping the rewards of self-control, while those who do not get trapped in a
self-reinforcing cycle of indulgent behaviour. The welfare differences between these two
equilibria are large, and consumers with self-control perform better on almost any mea-
sure, including aggression, anxiety, alcoholism, self-esteem, grades, income, and even
dental care."” Understanding how self-control evolves over time is valuable to design-
ing policy to fight obesity, increase savings, and deal with other policy challenges that
depend on long-term patterns of behaviour.

This paper studies how consumers behave when their preferences — particularly their
self-control — are affected by their behaviour. I introduce a model of quasi-hyperbolic
discounting in which present bias, the temptation to consume today, is plastic and can

change over time. When consumers resist the temptation to consume today and allocate

The literature on these benefits is extensive. See, for example, Mischel, Ebbesen and Zeiss, 1972; Tangney,
Baumeister and Boone, 2004; and Baumeister and Tierney, 2011, for studies on the benefits of self-control;
and Duckworth and Seligman, 2005, for work on school results.
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more consumption the future, they train themselves to resist further temptation, and so
reduce their present bias.

I find that in equilibrium a consumer may either consumption smooth and reach a
prudent equilibrium in which she cares about future selves and leaves resources for
them, or binge, bringing consumption forward and inducing an imprudent equilibrium
in which she cares little about the welfare of future selves and so leaves little for them.
For some preferences, multiple consumption paths are locally optimal, and so multiple
equilibria may exist. In essence, consumer behaviour can be self-reinforcing, as behav-
ing imprudently induces preferences that encourage further imprudent behaviour, and
similarly for prudence. An agent who chooses to exercise can develop a preference for
going to the gym and for resisting temptation more generally; another might choose to
indulge in alcohol, anticipating that it will induce myopia and make them insensible to
the future costs of their behaviour. In many cases, it is an optimum for consumers to
consume all their resources immediately, because doing so makes them oblivious to the
future costs of their behaviour.

Differences in an agent’s preferences and expectations about the future, both about
the conditions he or she will face as well as about the behaviour of future selves, can
determine whether the consumer self-improves or binges. The welfare differences be-
tween an agent who chooses to self-improve and one who habitually indulges in order
to become insensible to the future costs of their behaviour can be wide. Consumers
must therefore take care when succumbing to temptation to avoid beginning a more
enduring cycle of indulgence, and may benefit from the ability to commit their future
selves to specific consumption paths.

Models of individual choice generally treat preferences as fixed: one lives with the
preferences one is given, and there is no incentive to change them since by definition
they represent what the consumer wants. The body of literature on non-stationary pref-
erences was begun by Strotz (1955-1956), who introduced the idea of multiple selves in a
formal setting similar to that used today. These models typically focus on present-biased
preferences: preference parameters are fixed, but since which period is the present
changes, how consumers weight present and future benefits also changes. Preferences
are thus in some sense endogenous to the period, with consumers ‘tempted’ to consume

in the present. Consumers can resist that temptation through precommitment (Gul and
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Pesendorfer, 2001), or self-control, such as Bénabou and Tirole’s model of personal rules
or Dhar and Wertenbroch’s model of self-signalling (2004, 2012). An alternative, how-
ever, has been to allow preferences to be endogenous to other factors, such as the eco-
nomic context (Bowles, 1998), or, more popularly, to the past decisions of the consumer
(Becker and Murphy, 1988; O’'Donoghue and Rabin, 2002).

This paper adopts the second approach, making preferences depend on the decisions
of the consumer. It considers a relatively narrow case: consumers whose behaviour af-
fects their preferences immediately. In doing so, it draws on a literature from psychology
that suggests consumer willpower functions similar to a muscle, strengthening or atro-
phying depending on use (Muraven and Baumeister, 2000; Muraven, Baumeister and
Tice, 1999), and several papers in economics that suggest that a planner or long-run self
might be able to train or otherwise affect the preferences of a doer self (Fudenberg and
Levine, 2006; Thaler and Shefrin, 1981). The closest work, however, is by Becker and Mul-
ligan (1997), who consider consumer behaviour when consumers can invest resources
in order to change their exponential discount rate. There, however, consumers invest
resources directly into changing their discount rates, rather than it being a result of
consumption, and they assume time-consistent behaviour. Some empirical evidence for
such an effect also exists: Oaten and Cheng (2006), for example, find that students who
are taught self-control exercises demonstrate better self-control in a number of areas,
including caloric intake, spending, and emotional restraint.

Unlike typical models of habits, such as Becker and Murphy (1988), which suggest
that with a low endowment, consumers consume small amounts and so form good
habits, preference change in this model is based on the amount of self-control employed
in a period, not the absolute level of consumption, and so consumers can develop or
weaken their willpower independent of their endowment. More similarly to a habit
model, but in contrast to the standard model, instead of precautionary saving consumers
may respond to anticipated negative future shocks by choosing to increase immediate
consumption, in order to become oblivious to those future costs. When consumers do
endure a shock that forces them to consume a higher or lower fraction of their wealth,
it may alter their equilibrium consumption, leading to persistence in the effect of the

shock. In standard addiction models, consumers who are very present biased are more
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likely to become addicted: this model shows the opposite, that consumers who believe
they are likely to become addicted are likely to have higher levels of present bias.

My results explain observed behaviour as well as provide several lessons for pol-
icy. Fundamentally, policymakers may struggle to improve long-run lifestyles and be-
haviours if they are reinforced by preferences: punishing consumers for bad preferences
is unlikely to be good policy. If agents can be shifted from binging to self-improvement,
however, the potential increase in welfare is dramatic. In addition, negative shocks may
induce imprudent behaviour in anticipation of their occurrence and, if they affect pref-
erences, shift the consumer between equilibria. If a consumer expects to be forced by
poverty to consume a high a share of their endowment, for example, then in the present
they may choose to also consume more in order to become indifferent to their future
disutility, making it harder for them to save and emerge from poverty. Policymakers can
benefit from minimizing or compensating for the effect of such shocks.

I begin in Section 3.2 with a discussion of the cognitive foundations for the model as
well as the relevant literature. In Section 3.3, I introduce the model, defining a new class
of agents, ultrasophisticates, who maximize utility anticipating endogenous preference
change. Section 3.4 examines the implications of the model for consumer behaviour and
contrasts it to that of a standard, fixed-preference agent, highlighting the importance of
agents” own preferences as well as their expectations about future conditions and selves
in determining the equilibrium. Section 3.5 discusses some welfare and policy aspects

of the model, while Section 3.6 concludes.

3.2 LITERATURE

Strotz (1955-1956) formally introduced non-stationary preferences, and his work serves
as the basis for almost all more recent studies. He introduced both the idea of sophisti-
cates, who anticipate future preferences, and naifs, who expect future preferences to be
identical to today’s (which he refers to as “thrifty” and “spendthrift”, respectively), and

formalized the utility of the agents in much the same way as we do today:

-
/ Aft—1)u(C(t),t)dt (30)
0
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Agents have utility u (C (t),t), weighted by a term whose value depends on the dis-
tance between the current period, 7, and the specified future (or past) date t.

Further work focused on the sophisticate case, for which Strotz had incorrectly de-
rived an optimal consumption path based only on the rate of change in the discount
function at the present time (Goldman, 1980; Peleg and Yaari, 1973; Pollak, 1968), and
Phelps and Pollak (1968) introduced the hyperbolic model for intergenerational account-
ing. In 2008, Tyson fully characterized the naif consumption path behaviour, under a
series of progressively stronger restrictions (Tyson, 2008). Quasi-hyperbolic discounting
was introduced by Laibson’s 1997 work in the context of savings, and it is this formal-
ization that I use below.

Though these models reflect non-stationarity of preferences, preferences are endoge-
nous to the period, and are not affected by the choices of consumers. There is also
considerable support, however, for the idea that preferences are affected by decisions
that have been made. I outline three effects — habits, willpower, and self-signalling —
which could lead behaviour to affect preferences in the way captured by the model.
Broadly speaking, all three reflect the possibility for neural plasticity, that our brain and
preferences can actually shift over time (Lashley, 1923; Tricomi, Balleine and O’Doherty,

2009).

Habits

Habits play an important role in behaviour. At a simple level, Knowlton, Mangels and
Squire (1996) find that patients with amnesia can learn over time to predict which of two
outcomes will result based on cues from repeated exposure, even absent any conscious
memory of past experiences or the outcomes themselves.

Equally, habits can be a powerful driver of undesirable behaviour even if no physically
addictive substance is involved. Work with rats has found that if a habit of lever pressing
and receiving food is formed, the rats will trigger the lever and eat the food, even
when the food is poisoned and they would refuse the food in conditions when the
habit is not triggered (a devaluation test; see Hilario and Costa, 2008 for details). It

is this kind of behaviour that is often observed in studies of obesity or smoking, in
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which individuals are capable of resisting temptation in most circumstances, but are
particularly vulnerable in contexts which cue their undesirable habit (Laibson, 2001).
From a more theoretical perspective, Becker and Murphy (1988) introduced a model of
rational addiction, while O’Donoghue and Rabin (2002) introduced a behavioural aspect
to addiction with present bias and the presence of naifs and sophisticates. Finally, Lally
et al. (2009) fit empirically observed habit dynamics to a theoretical model, and find that
it takes 18 to 254 days for participants to reach 95% of their asymptote of automaticity.
As consumers make choices, therefore, they can over time affect their preferences,
making a particular behaviour more or less likely. In my model, agents can form not
just habits related to a specific behaviour, but also affect their perception of future costs
and benefits generally. To understand why, I turn to studies of willpower, a more general

resource.

Willpower

Willpower is fundamental to resisting temptation, and has become increasingly popu-
lar among economists. Recent literature has tended to focus on two stylized facts. First,
that in the short-term willpower is an exhaustible resource, a situation often called
ego-depletion, as coined by Baumeister et al., 1998. This is supported by considerable
experimental evidence, including experiments forcing people to choose radishes over
cookies, and then measuring the time they spent attempting an unsolvable puzzle, or
asking individuals to suppress an emotion, then spend time solving anagrams. Second,
there is also evidence suggesting that over time, individuals can build up willpower
through practice, strengthening their ability to resist temptation as if it were a mus-
cle (Baumeister and Tierney, 2011; Muraven, Baumeister and Tice, 1999; Muraven and
Baumeister, 2000).

More recently, experimental work has demonstrated that repeatedly using willpower
in one context makes it easier to resist temptation in other settings. In a study by Oaten
and Cheng (2006), individuals suffering from a depletion of self-control due to exam
stress saw marked improvements in self-regulatory abilities when taught to practice self-
control exercises, not just in study habits but also in other activities. Students smoked

and drank less and consumed less caffeine after the intervention, while reporting in-
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creases in healthy eating, emotional control, household chores, spending control, and
fulfillment of commitments.

These results motivate the effects observed in the model. When consumers resist
temptation, they affect how appealing they find other temptations. Since willpower is a
domain-general resource, they can use it not just to resist the temptation they just expe-
rience, but other temptations as well. This contrasts to more typical models in the liter-
ature, such as Gul and Pesendorfer (2001), who introduce temptation and self-control
by giving agents a choice over menus of options in the first period, before the actual
consumption choice in the second. In my model, temptation is not just an unavoidable

conflict between multiple selves, but also a potential source of preference change.

Self-Signaling

Similar to the self-reputation work of Bénabou and Tirole (2004), some studies suggest
that decisions can serve as a way for agents to learn their own preferences or alter what
they believe their true preferences to be, often thought of as self-signaling or cognitive
dissonance.

The seminal work on cognitive dissonance was done by Leon Festinger in his study
of how cult members adapted when reality clashed with their predictions (Festinger,
1962). Cognitive dissonance has also proven popular in economics, as for example in
work by Akerlof and Dickens (1982). In essence, the theory proposes that individuals
experience discomfort when holding conflicting opinions, and as a result may change
their beliefs in order to reconcile their two opinions. In order to make their expectations
meet reality, in other words, they change not their expectations but their perception of
what is reality.

In this context, cognitive dissonance might suggest that when the consumer behaves
differently from how they would have expected themselves to do, instead of believing
they have made an error and done something they did not want, they change what
they want. Similarly, in the self-signalling literature (Bénabou and Tirole, 2002; Dhar
and Wertenbroch, 2012), a choice of a given action in the present can help convince
future selves what their preferences truly are (“I went to the gym last week, so I must

be the kind of person who goes to the gym”), helping to alter future outcomes. By this
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reading, in my model consumers are learning about or convincing themselves of their
own willpower type as they choose to indulge or resist, a process that gradually actually

affects how tempted they are to consume in the present.

3.3 MODEL

The following analysis develops a theory of endogenous preferences in an otherwise
typical infinite-horizon Euler cake-eating environment, as introduced in Gale (1967).
This allows for a focus on how consumers delay rewards over time, a fundamental as-
pect of temptation. A consumer has endowment W, in period zero that she must allocate
as consumption across an infinite horizon. The consumer finds the urge to consume in
the present tempting: this temptation is measured by present bias, y. How well she can
resist the temptation to consume in the present is a function of how much she indulges,
and so it can vary over time. y is assumed to be smooth and monotonically decreasing in
the ratio of current consumption to subsequent consumption, so that consuming more
in the present period increases present bias.> The consumer also discounts the future
exponentially, as measured by a discount rate 5. She therefore has a quasi-hyperbolic
discount function as introduced in Laibson (1997), with present bias vy dependent on

her chosen consumption in the current and subsequent period.

Up =u(co) +v (E?) > stufey) (31)
t=1

As is standard, this representation imposes additive separability of each period’s util-
ity, as well as multiplicative separability of the discount factor, vo, and utility. For sim-
plicity, uncertainty is omitted; including it would introduce risk aversion as an impor-
tant parameter in choice. Utility is increasing and concave in consumption. W, the
endowment, can also be thought of as the present value of all future income in the
presence of complete lending markets. An interest rate of r is paid on savings, and so

consumption is subject to a budget constraint of

I focus on the case where reducing consumption increases y (reduces present bias). The opposite is plau-
sibly the case in the short run: there, willpower has been observed to be a finite resource, and so resisting
one temptation might make another harder to resist. Equally, consuming more today could reduce present
bias, if going without glucose reduces willpower, for example (Wang and Dvorak, 2010). Such depletion
effects appear to be limited to the short run, however, and they also appear to depend on the beliefs of the
consumer (Job, Dweck and Walton, 2010).
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Wip1 = (Wi —ce) (T+7) (32)

Disposable income equals W, in the first period, after which it will be a function of
disposable income in the last period (which determines consumption in that period)
and the interest rate. In addition, the standard transversality condition is imposed,
t1i_>rr01O Y (%?) §'u’ (ct) Wy = 0: the discounted value of the terminal capital stock must
approach zero. The fundamental departure from the traditional model is that present

bias is a function of consumption.

I assume that present bias is a function of the ratio of current consumption to expected

Ct
Ct1

future consumption: y = vy ( ), so that the more the consumer resists consumption
in the present and saves, the lower their present bias. At the extreme, v (0) = 1, and
Y (W) = 0; consuming nothing today eliminates present bias, and consuming every-
thing today maximizes present bias. This form reflects the work suggesting that con-
sumers can develop the ability to resist temptation by doing so (Muraven, Baumeister
and Tice, 1999; Muraven and Baumeister, 2000; Oaten and Cheng, 2006). For consumers,
giving in to temptation does not just affect their consumption, but also affects their
relative weighting of current and future benefits. This might be exacerbated by other
psychological effects, such as cognitive dissonance.

Importantly, this functional form imposes two constraints on the evolution of prefer-
ences. The first is that consumption decisions affect preferences in the current period.
This increases tractability by making the consumer decision a trade-off between imme-
diate and later effects. Since a period is of arbitrary length, they can be defined as the
smallest unit of time required to affect preferences via a decision. Secondly, this imposes
scale independence in preference change. The wealth of the consumer does not affect
their preferences directly, and consuming more in the present period need not imply
a greater change in preferences: what matters is the ratio of consumption now against
consumption allocated to the future, an implicit measure of the consumer’s displayed
future preference rather than their available resources.

Consumers thus express their preference for the present over the future by allocating
consumption between the current and future periods. The more the consumer chooses
to consume today compared to how much they plan to consume tomorrow, the higher

their present bias will be. By choosing a level of consumption, they also implicitly choose
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a level of present bias. This effect of consumption on present bias is central to the
preference endogeneity of the paper: one’s actions become one’s preferences.

The degree of present bias is thus a function of consumption, which is in turn a func-
tion of disposable income. In addition to the standard naifs and sophisticates of the lit-
erature (O’'Donoghue and Rabin, 1999), therefore, I introduce ultrasophisticates, who are
aware that their preferences will change based on their decisions. The model thus adds
endogenous present bias to a hyperbolic discounting framework. Setting vy (i—?) = B,
the model nests the standard results of naif and sophisticate behaviour as a benchmark,
as discussed in Harris and Laibson (2001) and Tyson (2008).

This gives us three distinct types of agents:

1. Naifs: Fixed present bias, assume preferences in future are identical to their own

2. Sophisticates: Fixed present bias, are aware future selves will have different pref-

erences

3. Ultrasophisticates: Variable present bias, are aware future selves will have different

preferences

I briefly discuss the behaviour of the first two, before considering ultrasophisticate be-

haviour in more depth.

3.3.1 Fixed Preference Types

Naifs

Naifs do not anticipate future deviations from their optimal consumption path as
predicted in period t, and so expect their future selves to abide by their current self’s
decisions. In this case, in periods t + 1 and after, they expect to follow the standard

exponential discounting Euler Equation,

u’ (cq)

m=5(1+T) (33)
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In the present period, however, they have an extra discount factor of 3, and so will

distort their first period consumption upwards.

= Ba(T+7) (34)

In essence, they plan to over-consume in the first period, and then follow the optimal
path for an agent with no present bias after that period. Clearly, this is not an equilib-
rium between the various selves, as each self will in turn experience present bias and
distort consumption towards their own period. Instead, in each period they will con-
sume as in equation 34 and so in a simple setting will be less well off than the other
types. Their behaviour is further characterized in Tyson (2008).

Naifs place no value on being offered commitment devices, because they do not an-
ticipate any time inconsistency. As a result, there is no reason to force future selves to
behave in a particular way, because they expect those future selves to want identical

things to the current self.

Sophisticates

Sophisticates anticipate their future divergence from their optimal consumption path
as predicted in period zero, and so adapt their decision to account for future deviations.
Following Harris and Laibson (2001), the equilibrium consumption path of a sophis-

ticate is

uw (cg) = (T+471) [Ciﬂ (W) BS+ (1 —chy1 Wi )) 5} u' (ceq1) (35)

The effective discount factor is now a weighted average of the short-run discount
factor, 36, and 9, the long-run discount factor.3 Note that somewhat counter-intuitively,
sophisticates typically consume more than naifs in a given period, because they foresee
distortions to consumption in future periods and so anticipate less utility from leaving
resources to be consumed by future selves.

Sophisticates do place value on being able to commit to specific behaviours. Antic-

ipating time-inconsistency and that their future selves may want different things than

As a technical condition, this holds only when consumption is Lipschitz continuous, a property that holds
in the neighbourhood of 3 = 1. Harris and Laibson go on to derive a generalized Euler Equation that does
not require Lipschitz continuity. Further detail can be found in their 2001 paper.
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their current self, being able to commit their future selves is welfare-enhancing for the

present self.

3.3.2  Ultrasophisticates

I now turn to a new type of agent: ultrasophisticates, who have endogenous prefer-
ences.

In brief, the solution proceeds as follows. I construct a value function for the ultraso-
phisticate which is a function of their current and future consumption levels, and where
present bias depends on the ratio between the two. Consumers choose the fraction of
their wealth they wish to consume in the current period, and in equilibrium, the con-
sumer consumes the same fraction of wealth in each period. I therefore derive a first
order condition that defines optimal consumption for an ultrasophisticate.

Ultrasophisticate agents are able to alter their preferences through their consumption
decisions, and so include the benefits of being able to alter their preferences in their
calculus. The present bias in their optimization decision is therefore a function of how
much the agent chooses to consume - the less they choose to consume, the more they
value the future. Future selves have the opportunity to over-consume or under-consume
based on those new preferences, potentially undoing the positive habits formed by this
period’s agent, but in equilibrium the fraction of wealth consumed will be time consis-
tent.

To increase tractability and allow a focus on equilibrium behaviour, ultrasophisticates
have isoelastic preferences, with utility as in equation 36. Non-isoelastic preferences are

discussed briefly below.

(36)

Agents allocate their wealth W), the present value of future income flows, as con-

sumption across infinite periods, and so agents face a standard cake-eating problem

with the additional constraint that the consumption level determines present bias. y (%)

is assumed to be homogenous of degree zero, in order to introduce scale independence

in the preference change; what matters is the relative consumption levels of each period.

63



3.3 MODEL

3.3.2.1 Decision-making

Since present bias only affects the weight of utility in the present against later utility,
not the relative weights of later utilities, the agent weighs the relative utility from peri-

ods t and t + 1 differently from t 4+ 1 and t + 2. The agent’s value function is therefore

Ct

V(Wy) = argmax u(ct) +y < ) 8V (Wiy1) (37)

Ct+1
where V(W,) is the value of the income stream in future periods unweighted by

present bias:

V(W) =u(ce) + 8V (Weyr) (38)

Note that V(W,) is a contraction mapping and so admits a unique value function, and
V(W,) is then a function of this unique value function.# As is standard with isoelastic
preferences, I focus on a solution in which the ratio of consumption to wealth is constant:
ct = aW; (for further discussion, see Arrow (1970)).

For simplicity, I treat the proportion of wealth consumed in the current period, «, as
the choice variable, since in equilibrium « = & in all periods. In the case of non-isoelastic
utility, this leap to equilibrium need not hold: consumption might instead trend toward
the equilibrium level over time, as agents gradually improve their preferences and each
period reduce consumption slightly. Isoelastic utility allows us to focus on equilibrium
behaviour.

I first rewrite the value functions in terms of fraction of wealth consumed, using the

isoelastic utility function;

1

S Ty (U—oc)(1+r)> SV (Wi (T—a) (T+7)) (39)

. (W) P

V(WY = —— 5 +8V (Wi (1= o) (T+7)) (40)

4 A value function is unique if the Contraction Mapping Theorem is satisfied. For details, see Stokey and
Lucas (1989).
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Note that CSL = m, which is therefore the argument of the present bias term
expressed in «. For simplicity of notation, I temporarily omit writing this argument
in the analysis that follows. Differentiating the welfare function 39 with respect to the

fraction of wealth consumed gives the first order condition:

,Y/
(1— oc)2 (1+71)

VW (1T—oa)(14+71))—

W! PP

Weys (1+7) V(Wi (1 —a) (1+7)) =0 (41)

Ct
Ct+1

Where ' refers to the derivative of y( ) with respect to -=—. This first order

Cer1’
condition represents an agent’s optimal consumption « given their ability to form habits,
v’, and their wealth, W;.
I now posit forms for the value functions, using the form familiar from the standard
isoelastic case.
1—p 1—p
XW, ~ YW,

V(W) = V(W) = T—p (42)

Substituting these into the value functions 39 and 40, I find the value functions as a

function of the consumer’s preferences and their chosen level of consumption:

ol P w!—e
] L (43)

V(W) =

(W) [1 51— P(14+m)'P| T—p
This is the value to the consumer of having wealth W, if they only discount exponen-

tially, or equivalently how they weight the value of having W in a period that is not the

present. The value of having wealth W in the present period is then

(44)

Viwy) = [am —1-y)s0 - +rJ‘—p] W,

1-5(1—a) P (147)° 1—p

Finally, we can combine equations 43 and 41 to establish the first order condition
that determines a consumer’s optimal fraction of wealth to consume, o*, as a func-
tion of their preferences and their ability to change their preferences, y’. Defining

A=5(1T—a)" P (147" for simplicity of notation,
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5a1_p(1+r)]*p+ , dal—P _
I-A -0 T 0-A -0+ (-

o P—y (45)

The first order condition is independent of wealth, and so the consumer’s optimal
fraction of wealth is not affected by wealth W;. This independence confirms that con-
sumption as a fixed share of wealth is an optimal consumption rule.

When a consumer chooses what share of their wealth to devote to consumption, they
must balance several competing incentives. First, they get direct utility from consump-
tion. In the current period, they get marginal utility of o« from consuming, the first
term of equation 45. This return is modified by two other factors, however. First, when
a consumer adjusts how much of their income they consume they affect their wealth
in future periods, a change that is weighted by their present bias and discount rate.
This dynamic is captured by the second term. If the consumer increases «, for example,
they consume a higher share of their resources each period. In all subsequent periods,
however, this means their wealth will be relatively lower.

In addition, the consumer must account for the fact that their consumption will affect
their preferences. The third term in equation 45 reflects this effect: how much the agent
decides to consume determines how much they care about future consumption. If they
increase the share of resources they consume, for example, they become more indifferent
to future consumption, making immediate utility relatively more important.

If ' = 0 and y = k, then the first order condition simplifies to

1—p (] 4 )1—9
o T
P —Kkb =0 6
S (VT i o
This is identical to the condition determining optimal consumption for a consumer
who faces V (W) = u (aWy) +kdV (Wi, 1), or in other words a consumer who has fixed

preferences. The model therefore nests the standard case when isoelasticity is imposed.

In addition, we can rewrite the first order condition as

xP1—x)’—aP(14+7)P(5(1—a)+kéa) =0 (47)

Consumption is a function of a weighted average of the effective rates of short and

long-run bias,  and ko, as in the general case for present biased consumers (Harris
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and Laibson, 2001). k6 is weighted by the amount consumed in a given period, and
b is weighted by the amount saved, reflecting the relative trade-off between choosing
to consume now, or allocating consumption to future periods. Recall however that I
have assumed isoelastic utility: further restrictions apply to the solution method in the

general case.

3.3.3 Uniqueness

A consumer thus selects a level of consumption that maximizes their value of having
a given level of wealth. One important difference from the standard model is the num-
ber of local optima. In particular, for many parametrizations, multiple locally optimal
consumption choices may exist, potentially including a corner solution.

Whether there will be a unique optima depends on the concavity of the problem,
as determined by the second order condition (SOC). When the second order condition
is strictly negative, the problem is strictly concave, and the level of consumption is a

unique maximum. Thus, when:

o Sol— / %
P A =T =) (11 1)° (Y PO +r)>
(1—0)® (1—p+22) =5(14+1)"°(1—p+ap)

P (1—a)?P (1A (1471)°

. (U—g);/ﬂ—oc)_y“ —|—r)> <0 (48)

+d

the problem has a unique maximum, and the consumer has a single globally optimal
equilibrium consumption level.

The concavity of the problem is a function of the consumer’s preferences, the interest
rate, their consumption, and the nature of preference change, vy’ and y”. The plasticity of
preferences thus presents an important empirical question: intuitively, consumers might
find it easier to self-improve once they have already improved their preferences to some
extent, or conversely find the final stages of preference change more difficult than the

initial steps.
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The possible existence of multiple optima reflects two conflicting paths consumption
can take. If the consumer increases their consumption in the present, they get more
utility immediately. Their present bias also increases, and so they place a higher value
on that immediate utility in comparison to future utility. The incentive to consume more
therefore increases. This harms future selves by leaving less consumption available for
the future, but the consumer’s increased present bias means they place less weight on
this cost. Each self then makes the same decision, reducing consumption for future
selves while having consumption reduced for them by their past selves.

At an extreme, if the function is well-behaved there is generally an optimum where
the consumer indulges completely and consumes their entire stock. This occurs because
if an agent is indifferent to the future, then it is rational to consume everything at once.
Postponing consumption brings future benefits, but the agent places no weight on these
future benefits due to his infinite present bias. This solution ceases to exist only when the
benefits from moving a marginal amount of consumption to the next period improves
preferences sufficiently to make the agent value that marginal amount of consumption
plus interest more than the foregone consumption in this period.

If the consumer reduces their consumption in the present, in contrast, they get less
immediate utility but anticipate more utility in the future. This reduces their present
bias, increasing the value they place on that future utility. They thus consume less in
the present period, but leave more for their future selves, who they care about more
because of the increased weight they place on future utility.

As a result, both behaviours, consuming more and consuming less, can be self-reinforcing.
Two types of optima therefore exist: self-improvement optima, in which a consumer re-
duces consumption as a share of wealth, improves their preferences, and consumption
smooths: and binge optima, in which the consumer chooses to increase consumption,
becomes more present biased, and front-loads consumption. Because in an isoelastic set-
ting consumption is independent of wealth, the consumer consumes a fixed proportion
of their wealth in both cases.>

If multiple local optima exist, a consumer who optimizes at the margin may reach
either point in equilibrium. If the consumer can choose from all local optima, they will

select the globally optimal one: as we shall see below, however, this globally optimal

5 Equilibria in which « jumps discretely between different locally optimal equilibria of equal utility remain
possible. These equilibria are of measure zero, however, and so are disregarded.
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consumption path may be unstable. Which optimum is selected in equilibrium then de-
pends on the agents” expectations of behaviour by their future selves, as well as upon
initial conditions. If an agent believes future selves will indulge in the high-consumption,
high-present-bias, equilibrium, then it is rational for him to do the same; if he is opti-
mistic about the behaviour of future selves, on the other hand, then he will also behave
prudently. This is discussed further in Section 3.4.2.

We can thus return to the possible existence of multiple optimal consumption lev-
els. Welfare analysis is necessarily complicated when preferences are not fixed, but it
is intuitive that in all periods except the present one, consumers would prefer a self-
improvement equilibrium, which makes all future selves better off, to a locally optimal
binge equilibrium that makes all future selves worse off. Whether this is optimal for
a given self, however, depends on their preferences and what they believe their future

selves will do.

3.4 CONSUMPTION PATTERNS

Ultrasophisticated agents therefore account for the effect on their preferences that
their consumption decision will have. To illustrate the implications of the model, I con-
sider a parametrized example, with r = .1, § = .9, and y (x) = 1 —x. I first examine
ultrasophisticate behaviour relative to that of a benchmark fixed-preference agent, be-

fore discussing their incentives for consumption more generally.

3.4.1 Ultrasophisticates and Fixed-Preference Agents

Consider two agents, one ultrasophisticated and able to change their preferences, and
another with a fixed level of present bias, but otherwise identical preferences. Their
optimal consumption paths are therefore determined by equations 45 and 46. Relative
to the fixed-preference agent, the ultrasophisticate may prefer to either consumption

smooth or front-load consumption, depending on the parameters of their optimization
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Figure 6: Consumption Smoothing Ultrasophisticate
V(W)
Ultrasophisticate V(W)

Fixed — Preference V (W)

-
1

The ultrasophisticate’s optimum is at a lower level of consumption than a fixed preference agent.

problem. To see this, consider each type’s value of wealth V (W;) as a function of their
consumption level «. First, assuming p < 1:

There is a unique interior optimal consumption point for both types of consumer.®
The ultrasophisticate consumes relatively less at the interior optimum than the fixed
preference agent, however — their interior optimum is at a lower value of «.

Note that the ultrasophisticate also has a local optimum at the corner solution of
« = 1, while the fixed-preference agent does not. If the ultrasophisticate chooses to
consume everything, then they become indifferent to the future costs of doing so, and
so consuming everything is their best response to being indifferent to the future. If
the fixed-preference agent consumes everything, in contrast, they still care about the
future harms that result from their behaviour, and so consuming everything is a local
minimum. This reflects the discussion in Section 3.3.3.

Since wealth is bound by the budget constraint, if an ultrasophisticate chooses to self-
improve and reduce the share of wealth they devote to consumption, in early periods
they will consume less in absolute terms than a fixed-preference agent. In later peri-
ods, however, their wealth is greater than that of a fixed-preference agent, and so even
though they consume a lower share, their absolute consumption may be higher: the

ultrasophisticate consumption-smooths.

6 Estimates of the rate of intertemporal substitution vary widely. A meta-analysis by Havranek et al. of 169
published studies finds significant variation between studies and countries, with a mean elasticity of 0.5

(2013).
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If, in contrast, p > 1, the consumer places a higher value on future consumption, ce-
teris paribus. Relative to the fixed-preference agent, the ultrasophisticate may therefore

choose to bring consumption forward. This is shown in Figure 7.

Figure 7: Binging Ultrasophisticate

VW)

Fixed — Preference V (W)

Ultrasophisticate V (W) 1

@

The ultrasophisticate’s stable optimum is at a higher level of consumption than a fixed preference agent.

Two interior locally optimal consumption points exist for both types (one of which
is asymptotic and unstable, but is the global optimum). At the unstable optimum, a
small perturbation that lowers « could incentivize the consumer to move to the lower,
stable optimum. Agents have an incentive to select their global consumption optimum
in equilibrium, but its instability may make this difficult.

At the stable interior optimum, the ultrasophisticate consumes more than the fixed-
preference agent. Increasing their consumption gives the ultrasophisticate more imme-
diate utility from consumption, and reduces the weight they place on future benefits,
but also reduces their future wealth. Doing so is optimal if the increased indifference to
the future costs of their behaviour compensates for the increased costs.

If the ultrasophisticate does choose to bring consumption forward and consumes
at the stable optimum, in early periods ultrasophisticate consumption may be higher
than that of a fixed-preference agent, but as their wealth falls in later periods their
consumption may also become lower than that of the other agent.

Figure 8 shows how consumption changes over time for an ultrasophisticate and a

fixed preference agent.
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Figure 8: Consumption over Time

Ultrasophisticate
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Over time, an ultrasophisticate may consumption smooth or bring consumption forward relative to a

fixed-preference agent

If the ultrasophisticate chooses to self-improve, their consumption begins below that
of a fixed-preference agent, but eventually overtakes it because their wealth is higher:
they consumption smooth. If they choose to binge, in contrast, then their consumption
is initially high, but as their wealth falls so does their consumption. At an extreme, the
corner solution, an ultrasophisticate may consume their entire endowment in the first
period, and consume nothing in all subsequent periods.

Agents balance the cost of distorted consumption in future periods with the loss
of utility from reduced consumption in the present period. Depending on preferences
and their plasticity, an ultrasophisticate may have one or multiple optimal consumption
paths, reflecting self-improvement or binge effects.

Consumption dynamics in the model therefore depend crucially on the nature of the
incentives faced by ultrasophisticates. Though increased awareness of their own prefer-
ences and how they change might be assumed to always reduce consumption, under
some conditions ultrasophisticates will bring consumption forward, enduring worse
preferences in order to increase current consumption. This result complements work by
O’Donoghue and Rabin (2002), who found that in an addiction context, sophistication

could either increase or reduce consumption relative to a naif depending on incentives.
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Ultrasophisticates face a similar choice. They can improve their preferences by reduc-
ing their consumption, which reinforces the value they place on the future rewards from
doing so: a self-improvement optimum. A binge may also be optimal, however, encour-
aging them to consume large amounts today in order to reduce how much they care
about the future and so be indifferent to the wants of their future selves. Which they

choose depends on their incentives for each behaviour, which I discuss next.

3.4.2 Ultrasophisticate Behaviour

As shown by equation 45, the ultrasophisticate’s rate of intertemporal substitution,
discount rate, interest rate, and plasticity of preference-change all affect their incentives
for consumption. To demonstrate this, let us consider a consumer with 0 < p < 1, such
that there is only one interior optimum consumption path (though a solution in which
the agent consumes their entire wealth may still exist).

As p — 1, similar to the standard model, consumers place increasing weight on future
benefits, in the limit approaching log preferences, and agents consume increasingly less
because they care more about their future self. As p — 0, agents become more indifferent
to future benefits, and ultrasophisticates consume an increasingly large fraction of their
wealth.

Similarly, if a consumer has & = 0, so that they entirely discount the future, then they
consume everything immediately, and their optimum is & = 1: this lowers their future
utility, but they are indifferent to this, as in the standard model. As the discount rate
increases, the agent cares more about the future, and so they have an incentive to reduce
their present bias and consume less: as & —+ 1, « — 0. Unlike in the standard model,
present bias and discount rates are therefore correlated. Consumers with a high expo-
nential discount rate will have a high rate of present bias in equilibrium, and those with
a low exponential discount rate will have a low rate of present bias. Differences in future
discounting can therefore be self-reinforcing. In terms of welfare, this suggests that con-
sumers that exponentially discount the future highly may have the effect compounded

by also being present biased, a potential concern for policymakers.
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High interest rates increase the return to saving, and so increase the incentive to re-
duce consumption. As interest rates increase, therefore, the fraction of wealth devoted to
consumption falls. As Tyson (2008) discusses, an increase in interest rates also increases
total wealth, potentially affecting a consumer’s absolute consumption. Here, however,
since consumption is independent of wealth, this second effect does not change the
fraction of wealth consumers devote to consumption.

Specific to this model is the role of the plasticity of preferences in equilibrium. If we
assume the form vy = 1 — Ax, as A — 0, consumers must sacrifice more immediate
consumption in order to improve their preferences, or equally do not significantly af-
fect their preferences when they do consume more. As A increases, small changes in
consumption can have a large effect on preferences. If A = 0, then preferences are fixed.

As A increases, the incentives for more extreme behaviour increases. For a consumer
that self-improves, the optimal interior level of consumption is decreasing in A: as A
increases, it is easier for the consumer to change their preferences, and so the incentive
to abstain from consumption and self-improve further increases. For a consumer who
is binging, as A increases they are more indifferent to the costs of their behaviour for a
given level of overconsumption, and so they overconsume further. More generally, the
form of y will help determine whether there are multiple locally optimal values of «
and whether solutions are interior.

Sacrificing present consumption to reduce present bias is therefore welfare-enhancing

when:

1. The consumer cares more about future consumption (9, p high)
2. There is a higher return to saving (r high)

3. Changing consumption has a large effect on present bias (y’ is large and negative)

Conditions 1 and 2 affect the marginal benefit of a reduction in y, and Condition 3
affects the marginal cost of improving preferences in terms of consumption. Put differ-
ently, these conditions exacerbate the utility cost of distorted decision-making or reduce
the cost of eliminating the distortion, encouraging an agent to sacrifice some present con-

sumption in order to reduce those distortions. Ultrasophisticate agents must balance the
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benefits of consumption today against the cost in terms of consumption tomorrow and
the effect on their preferences.

This provides some insight into the behaviour of agents with non-isoelastic utility.
Agents might have increasing p over time, for example (which in the presence of risk
would imply CARA utility). As a result, consumption will generally be falling over time.
Intuitively, think of a young man who inherits a vast fortune. Initially, he spends large
amounts of money, and adopts an extremely high-consumption lifestyle. As his fortune
dwindles, however, he starts worrying about the possibility of running out entirely, and
so begins to reduce his consumption and acclimatize to a low-consumption lifestyle,
building better preferences.

Implicit in the discussion above are the ultrasophisticate’s expectations about the fu-
ture. If the consumer expects behaviour from their future selves that is different from
what they would choose, then their incentives change. To see this, consider ultrasophis-
ticate behaviour if in all subsequent periods the consumer is forced to consume a fixed

proportion of their wealth, &. The consumer’s first order condition is then
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Now, the current self’s consumption decision affects how many resources will be
left for the subsequent selves to consume, but the subsequent selves consume a fixed
proportion of wealth in all future periods. We can thus graph o (&); the consumer’s
optimal consumption as a function of the anticipated consumption of their future selves.

As anticipated future consumption increases, the ultrasophisticate has an incentive to
also increase their consumption: anticipating imprudent behaviour, the ultrasophisticate
also behaves imprudently. This reduces the resources to be used inefficiently in the fu-
ture and reduces the value they place on the future, further reducing the expected cost
of the bad behaviour. For very low consumption levels in the future, the ultrasophis-
ticate has an incentive to increase their consumption: because future selves are being

too prudent, resources are going to waste, and the current self increases consumption.
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Figure 9: Optimal Consumption and Expected Consumption

a (@)

a

If an ultrasophisticate anticipates their future selves consuming too little or too much, their own incentive
to consume increases.

Agents expecting good conditions and well-behaved selves in the future have an incen-
tive to be well-behaved in the present, while agents expecting low interest rates or high
exponential discounting in the future will expect their future selves to binge, incentiviz-
ing them to do the same. Agents thus also gain value from being able to commit their
future selves to a specific level of consumption, since their own consumption is affected
by what their future selves will do.

In the standard model, a consumer expecting a negative shock in the future has an in-
centive for precautionary saving, in order to consumption smooth. Here, there remains
an incentive to save in order to consumption smooth, but consumers also have an in-
centive to increase consumption in order to forget about the future suffering. If, for
example, the consumer expected negative utility in future periods, then in the standard
model consuming everything immediately would lower their future utility even further.
Here, however, though their future utility would still be lowered, they would be indif-
ferent to this because of their increased present bias, making consuming everything an
optimum. If the expected future utility were sufficiently negative, consuming everything

immediately might be the unique optimum.
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3.4 CONSUMPTION PATTERNS

Ultrasophisticates thus face similar incentives to the standard, fixed-preference con-
sumer, with the addition of the importance of the plasticity of preferences in deter-
mining their behaviour and how they respond to future events. The introduction of
preference endogeneity provides an incentive for their behaviour to deviate from that

of a fixed preference agent.

3.4.3 Pseudorationality

If the level of present bias varies between agents in equilibrium, policymakers may
have an interest in identifying these types. Identifying agents” present bias from con-
sumption may be difficult, however. Agents that choose to have non-zero levels of
present bias are pseudorational: they act as if they were an agent that only exponentially
discounts the future, but who had a higher exponential discount rate.

Let us compare two agents, one of whom is not present biased and the other of whom
is. I define 6,7 as the exponential discount rate for a non-present biased consumer, and
0y <1 as the discount rate of a consumer with an interior level of present bias. When the
first order conditions of both agents are the same, the two types consume identically.

This occurs when

dy=1 _ ¥ («)=vy(+7)(1-)(1—p)
dy<1 V(=047 —a)(1—p)

So optimal consumption is the same for both types if they have levels of present bias
dy—1 and &, 1. Whether o, _ is less than or greater than 6,1 will depend on the con-
cavity of the preference change. The agent’s present bias, v, distorts his behaviour only
insofar as he will act as a rational agent with different preferences. This pseudorational-
ity need not imply that these agents are entirely inseparable, however: eliciting discount
rates in situations when only 6 is relevant, through experiments or by offering different
future income flows or levels of salience, may allow for identification of an agent’s type.

Given endogeneity in other variables, consumers might have an increased incentive
for the complete elimination of present bias. If an agent expected a higher rate of interest

in the future and lowered his present bias in response, for example, such a decision
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could actually increase future rates of interest, creating a self-fulfilling prophecy, while
agents who pessimistically didn’t bother to self-improve could actually induce the low

rates of return they expected.

3.5 WELFARE AND POLICY IMPLICATIONS

A challenge with welfare analysis given non-stationary preferences is selecting which
preferences agents should be evaluated by, since multiple alternatives exist. I do not
propose to give a full treatment to these issues here, though they are substantial: for a
longer discussion, see Bernheim and Rangel (2009) or von Weizsacker (2013).

An intuitive welfare measure to compare fixed-preference agents and ultrasophisti-
cates is V(W), which represents how an agent would weight the utility from period t
when it is not the present. Since agents give the same weight to the utility in all preced-
ing periods, V(W) lends a stability to the analysis. I do not introduce this measure as a
definitive utility comparison, but merely as one possible source of comparisons between
fixed-preference and ultrasophisticate utility.

By the standard of V(W), an agent is best off when she consumes as if she is not
present biased. This implies that agents are better off when they choose to improve their
preferences and reduce consumption in the current period, and worse off when they
succumb to a binge and choose to overconsume in the present period. This distinction is
intuitively plausible, given the popularity of self-help books on how to resist temptation.

It follows that agents are better off with endogenous preferences only when that abil-
ity encourages them to self-improve. If, in contrast, it leads to overconsumption in the
present period, they are worse off. Being more sophisticated is only a blessing when it
encourages virtue: otherwise, agents would be better off unable to control their prefer-
ences, and having less agency. Expectations about the behaviour of future selves, and
expectations about the parameters that drive that behaviour, are crucial in determin-
ing equilibrium behaviour, and welfare, for ultrasophisticates. Given the importance of
expectations, commitment devices present a potentially useful option. If a consumer de-
cides to binge because they anticipate irresponsible future selves, then being provided
with the opportunity to commit their future selves to a given behaviour could help

encourage them to self-improve instead.
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Three basic areas of policy interest relate to the model. First, because multiple equi-
libria may exist, policies that change which equilibrium is reached can make a large
difference to welfare. In addition, anticipated negative shocks to consumption may also
incentivize negative behaviour in the present. If a consumer expects to be forced by sud-
den poverty to consume their entire endowment with large costs to welfare, for example,
then they may choose to do so immediately in order to reduce the weight they place
on those future costs, making it even harder for them to save and emerge from poverty.
Early interventions to ensure agents get into the self-improvement consumption path
may therefore be a promising area of research, as may reducing or compensating for
shocks.

Second, beliefs about whether preferences are fixed or variable (reflecting whether a
consumer is ultrasophisticated) can change incentives. This implication parallels work
done by Mangels et al. (2006) on the difference between a ‘fixed” and ‘growth” mind-
set; children can believe that success stems from either innate ability or hard work and
learning, and their beliefs play a role in determining their success in school. Policymak-
ers may be able to improve outcomes by encouraging students to adopt the growth or
variable preferences mindset, but only if the conditions are such that they reach the
self-improvement equilibrium if they do so.

Finally, though not directly demonstrated by the model, it is intuitive that because
agents are forward looking, policies risk having a crowding out effect on incentives:
students might be worse off, for example, if paying them for grades or giving them a
self-commitment device removes the self-improvement benefits. This effect may explain
the relatively high drop-out rates of graduates of demanding charter schools, like the
Knowledge Is Power Program (KIPP, 2011), but it is not clear coercion eliminates the
possibility of preference change. More work is needed to better understand how to use

these ideas for policy.

36 DISCUSSION AND CONCLUSION

This paper proposes a model of human behaviour founded in the psychology litera-

ture, in which preferences are fluid and depend on the allocation of consumption across
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time made by the consumer. I consider the implications for the behaviour and strategies
of agents, as well as equilibrium behaviour.

Two types of optima emerge, self-improvement optima and binge optima, due to
opposing incentives. Some agents may choose to defy their own preferences in order
to self-improve and consume more efficiently, while others indulge in the present in
the knowledge that they become increasingly indifferent about their damaged future.
Consuming can begin a cycle of indulgence, while resisting temptation can compound
into virtuous behaviour.

In equilibrium, consumers may reach either a low-consumption or a high-consumption
equilibrium — including one in which all resources are consumed immediately and the
agent becomes indifferent to future consequences — which are local optima. Which equi-
librium is selected depends upon preferences and the agents’ beliefs about their be-
haviour and conditions in future periods. Agents who anticipate their future selves
choosing a high-consumption equilibrium will do the same, even if they would other-
wise prefer all selves choose the low-consumption equilibrium. Agents can either choose
to consumption smooth and self-improve, or front-load consumption and potentially be-
come trapped in a negative pattern of behaviour where they find it hard to care about
the future, as we see in dependency on alcohol, drugs, or even video games. Endoge-
nous preferences may thus provide some explanation as to why we observe attempts to
resist temptation, when in a simplistic model agents would simply act to satisfy their
preferences - they are aware they are better off if they can resist indulging in temptation
because doing so improves their preferences.

These effects provides a potential role for policy interventions. Early opportunities to
exercise self-control, for example during education, may help determine the equilibrium
path and so affect welfare. Shocks to behaviour, whether from policy or exogenous,
may also create persistent patterns of behaviour by changing the optimum which the
consumer achieves in equilibrium. In addition, consumer expectations about the future
play a role in determining their present behaviour, and so also provide a useful target
for policy and a potential need for commitment devices. More broadly, modern policy
interventions, which increasingly focus on long-term lifestyle changes such as reducing
obesity or increasing savings rates, may need to consider how to change both behaviour

and preferences.
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36 DISCUSSION AND CONCLUSION

These results underscore the difficulty policymakers face in designing policies when
preferences are not fixed. As von Weizsacker (1971) has suggested, in some situations
we might believe preferences to be flawed from myopia or lack of imagination, among
other possibilities. The obvious question, however, is who decides whether preferences
are inadequate. This paper presents a model of self-improvement, in which agents may
choose to improve their own preferences.

The inclusion of endogenous preferences can add explanatory power to models, both
in predicting individual behaviour and describing optimal behaviour. If we accept that
preferences are not exogenously fixed, however, we also provoke an important discus-
sion: when economics discusses maximization, what exactly should agents be maximiz-
ing? This paper has not addressed that issue directly, yet it is an issue of significant
concern. Our preferences give us goals and direction, without which agents are aimless,
yet the question of how those preferences are established is critical. It is not enough to
ask what people want: we must also ask why they want what they want, and whether

it could or should be changed.
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BET YOU CAN’'T EAT JUST ONE: CONSUMPTION
COMPLEMENTARITY AND “SELF’-CONTROL

4.1 INTRODUCTION

The idea of temptation implicitly suggests the existence of multiple selves: that one part
of the consumer is struggling against the desires of another. Since temptation lies at the
heart of many of the decisions consumers face, whether saving for retirement, pursu-
ing education, or trying to lose weight, understanding how consumers can resist and
account for it presents an important policy challenge. Temptation also has the potential
to predict and explain consumer behaviour in a variety of economic settings, from per-
sonal rules for resisting temptation to free samples in supermarkets, and can present an
important microfoundation for long-term behaviour in the form of habits or addictions.

This paper explores the idea that consumption of a tempting good can temporarily in-
duce a ‘hot’ state in a consumer. In a hot state, consumers behave as if they had different
preferences from when they were in a cold state: consumption is thus a game between
hot and cold selves, where each self is the consumer in a different state. Choosing to
indulge can induce a hot state that then makes subsequent indulgences more likely, and
prior decisions to consume can have a causal effect on future ones, in contrast to the typ-
ical prediction of diminishing marginal returns. Eating a single square of chocolate from
the bar — or taking a single drink, or cheating just a little bit — might well be optimal
from a cold-state perspective, but if doing so enters the consumer in a hot state, eating
only a single square may not be feasible: instead, the consumer is forced to choose be-
tween eating no chocolate or the entire bar. To understand the effect, I first introduce a
model of its implications, and then test for its existence in the lab. Reflecting that the
consumer has different preferences in the two states, I will refer to the consumer when
in a cold state as the cold self, and when in the hot state as a hot self.

I first consider behaviour when both selves are naive or when only the cold self is
sophisticated, before extending the model to consider behaviour when both selves are

sophisticated. I find that naive consumers who do not anticipate a hot state overconsume
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relative to their cold-self optimum: the glutton who is repeatedly surprised by how
much they eat, for example. Sophisticates, however, may adopt personal rules — strict
rules restricting individual choice (Ainslie, 1992) — that change their optimal strategy
for consumption because they anticipate the costs that result from entering a different
state. The cold self adopts rules restricting consumption: in response, the hot self adopts
rules increasing consumption, and so periods of underconsumption can be followed by
periods of binging once the consumer enters a hot state, both with the goal of avoiding
a state-change. Multiple equilibria can exist — one in which selves expect the other to
deviate widely from their optimum, and so also deviate widely, and another where both
selves expect only minor deviations — with implications for welfare. If sophistication can
vary between selves, then a sophisticated self would prefer the other self be naive. The
larger the shift in preferences between selves, and the more weight consumers place
on the future, the greater the costs to inducing the other state, and so personal rules
are particularly valuable. Consumers who expect more indulgent hot selves thus have
a larger incentive to restrict behaviour while in the cold state, but will also binge more
once in the hot state.

This motivates several hypotheses about behaviour in the lab, and I conduct an ex-
periment testing for the existence of a short-term causal effect of consumption on in-
dulgence. In particular, I test one of the predictions of the theoretical model: whether
inducing subjects to consume a tempting good - a piece of chocolate — can increase
the total amount of the tempting good consumed. Eating a piece of chocolate once, the
theory suggests, might induce a hot state that increases the likelihood that consumers
will succumb to temptation later on. I find no evidence for such an effect generally, but
do find some support for an effect on consumers on a diet, who the theory suggests
should be particularly likely to demonstrate such an effect: cold selves who anticipate
particularly indulgent hot selves have more incentive to restrict their own consumption,
and so to diet. This effect exists even when the initial indulgence was imposed exter-
nally, rather than the result of choice. Though the focus of the experiment is to test for
the existence of such an effect, I also briefly discuss possible explanations for it, several
of which are ruled out by the conditions of the experiment.

I thus build on the literature of hot and cold states — in which hot states are an

affected state characterized by strong emotions, hunger, exhaustion, and other factors,
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while a cold state is a more emotionally detached, ‘rational” state (Loewenstein, 2005)
— to consider consumer behaviour when consumption of a tempting good enters them
into an affected state. This could reflect either a change in preferences between the
two states, or equivalently the existence of a fixed cost to consumption of the tempting
good — either material or psychological, such as a loss of self-image — which diminishes
once the consumer indulges. Either of these effects could serve as a mechanism for the
transition between a hot and cold state. Consumption as an affect may also help describe
and explain other more specific affects, such as drunkenness or anger, which result from
consumption of particular types of goods.

Several models of multiple selves exist. In 1981, Thaler and Shefrin introduced a
planner-doer model, in which a long-run self with rational preferences best responds
to the short-run doer self (Thaler and Shefrin, 1981). More recently, Loewenstein and
O’Donoghue discuss deliberative and affective systems and Fudenberg and Levine con-
sider long-run and short-run selves, while Bernheim and Rangel link hot and cold selves
to cues (Bernheim and Rangel, 2004; Fudenberg and Levine, 2006; Loewenstein and
O’Donoghue, 2004). Most of the literature, however, focuses on a rational long-run self
that responds to a naive short-run self that always seeks to indulge. Here, I allow both
selves to best respond to the behaviour of the other self, instead of assuming that one
self is entirely naive or ignores the other’s behaviour. Though it is possible to rate the
preferences of the cold self over those of the hot self, it is not obvious ex-ante that this
is always reasonable, and so my model also does not inherently prioritize one self over
the other. I also allow disagreement between the two selves that may reflect matters of
taste, as well as potentially preferences about the future.

The existence of hot and cold selves can both explain economic behaviour and provide
important lessons for policy design. For the individual, personal rules that restrict con-
sumption even when immediate marginal utility is positive can be welfare-improving
for the cold self by reducing the likelihood of entry into a hot state. Consumers who
anticipate the change in preferences between hot and cold selves have an incentive to
resist temptation while in the cold state because they see indulging once as part of a
larger choice bundle that is associated with being in a hot state.

Individuals also benefit from optimism about their own behaviour. Because multi-

ple equilibria may exist, selves who expect the other self to deviate widely from their
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optimum will in turn also deviate widely, reducing welfare for both selves. A more op-
timistic consumer, in contrast, can achieve the more moderate equilibrium, increasing
welfare. For firms, the potential for hot selves also increases the value of offering free
samples or trials of products that consumers find tempting.

For policymakers, the existence of multiple equilibria means there may be a welfare-
improving role for them to play. If a policymaker chooses to elevate the preferences of
one self over another, there may be value in the provision of commitment devices, so
that the self can achieve a time-consistent equilibrium. In addition, the experiment high-
lights the fact that imposing a behaviour on consumers can affect their future decisions.
Policymakers must therefore take care that when policies or circumstances force a be-
haviour, they do not lead to negative consequences in the future. If a consumer is forced
to indulge in a tempting behaviour due to circumstance — buy fast food because of how
cheap it is on a per calorie basis, for example — then that behaviour may induce a hot
self and snowball into a larger effect, with a significant impact on welfare. Policies that
promote abstention and help consumers resist early temptations, in fields from work
with at-risk youth to obesity and education, may help consumers avoid entering hot
states altogether.

In Section 4.2, I introduce a theoretical analysis of the interaction between hot and
cold selves, considering behaviour both when the hot self is naive (Section 4.2.2) and
when both selves are sophisticated (Section 4.2.3). I then discuss some experimental
work testing for the transition between states as a result of indulgence in Section 4.3.

Section 4.4 concludes.

4.2 THEORY

Economic models of consumption and saving often focus on the long term: periods rep-
resent working and retirement, or years in a life, across which a rational consumer must
allocate his or her lifetime endowment (Modigliani and Brumberg, 1954). Consumption
persistence — referred to in a general sense as habit formation — is frequently observed

in this setting, and used to explain phenomena in both a micro- and macroeconomic
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context, including addiction, equity premiums, the link between economic growth and
savings, and aggregate spending patterns, among others.” In the short-run, however,
consumption persistence is less well understood.

Loewenstein (2005) highlights the importance of affective states in decisions: that is,
the effect emotions and psychological states have on our mental functioning and choices.
In ‘hot” states, when we are hungry, tired, angry, or otherwise affected, we have a ten-
dency to behave myopically or otherwise irrationally. In ‘cold” states, people are better
able to act according to the traditional model of rationality, but may not appreciate
how being in a ‘hot’ state will affect their preferences and behaviour. This model of be-
haviour draws on a perspective from psychology which originally introduced hot and
cold selves, as in Metcalfe and Mischel (1999).

This effect has been shown in a range of domains, from thirst (Van Boven and Lowen-
stein, 2003) to addiction (Badger et al., 2007) and sexual arousal (Ariely and Lowenstein,
2006). I suggest a new possible affect: consumption of some types of goods. Indulging
in such a good induces intertemporal complementarity in consumption, in contrast to
the standard, cold-state substitutability in consumption that is typically predicted in the
long-run. Though typically this is thought of as a change in preferences between selves,
it could equivalently be thought of as a type of fixed cost to indulging in temptation,
either material, such as getting unpleasantly sticky hands from eating candy, or psycho-
logical, such as a loss of self-image. Before indulging, the consumer faces a high fixed
cost, but once they have indulged further indulgences impose a lower cost and so the
net benefit of indulging again temporarily increases. Either mechanism, preferences or
fixed costs, could thus serve as a mechanism for the model. In either case, inducing
a period of complementarity in consumption can then create what I will refer to as a
temptation effect: indulging once in a good can have a short-term causal effect on future
consumption.

I introduce a model of short-term consumption persistence based on hot and cold
states. When a sufficiently large temptation strikes a consumer, this induces consump-
tion and so begins a hot state, in which the marginal utility of consumption increases.
In subsequent periods the consumer is therefore more likely to consume again. This

affected state is temporary: after the hot state passes, the consumer’s preferences re-

See, for example, Becker and Murphy (1988); Carroll, Overland and Weil (2000); Constantinides (1990);
Crawford and Polisson (2014); Fuhrer (2000)
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turn to their cold levels. This could reflect a change in preferences, as the consumer is
musters their mental resources to resist temptation again, or equivalently the return of
a fixed cost to indulgence. This captures the frequently observed cycle of attempts to
resist temptation, a ‘fall off the wagon,” and then another attempt to resist.

Extreme shock models describe systems that face repeated shocks of varying magni-
tude, and which break down when they receive a shock of magnitude above a given
threshold.? In my model, consumers indulge when a shock surpasses a threshold that
reflects their desire to resist temptation. I endogenize the threshold based on their utility
maximization problem: depending on their ability to foresee the consequences of their
decision, consumers may be more or less motivated to resist temptation. The model is
thus related to studies of unemployment, for example, in which consumers optimize

across employed and unemployed states (Diamond, 1982).

4.2.1  Model

Consider a consumer facing a binary consumption decision — eating a square of choco-
late, for example — over a series of periods. Choosing to consume gets them net utility
of u; beyond what they would get if they abstained or consumed some alternative. This
net utility can be positive or negative: if they abstain, they get zero utility, and so they
only want to consume if indulging gives them more utility than abstaining. The utility
from consumption varies over time, as indexed by t: each period, the consumer receives
an idiosyncratic taste shock that determines their value of u;.

In addition, utility from consumption depends on the state of the consumer. Each
period, either a cold self or hot self is in control, depending on the consumer’s decision
in the previous period. For the hot self, choosing to consume gives utility of u + h; for
the cold self, it gives only u¢. For simplicity, I assume this is an additive effect: since
the consumer faces a binary consumption choice, this increases their marginal utility of

consumption.

Examples in an economic context include the random walk models used to describe financial and stock
market phenomena, and models of gambler’s ruin (Bachelier, 1900; Fama, 1965; Grinstead and Snell, 2003)
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The consumer’s state is endogenous to their choices. In particular, choosing to con-
sume a strictly positive amount in period t induces a hot state in period t 4 1. In the
two-period model, this is assumed to persist for one subsequent period. After the hot
state ends, the cold self once again predominates.3 In the infinite-horizon game between
two sophisticated selves, a hot state persists until the hot self chooses to abstain, and a
cold state persists until the cold self chooses to indulge.

For a cold self with discount rate § and facing an infinite horizon, utility is therefore

Uy = Z 5% et - (ur)] (50)
t=0
while for the hot self, utility is
Uy = Z 8% fee - (ug +hy)] (51)
t=0

where c¢ is a binary variable of zero or one, representing the choice of whether to
indulge or abstain. The idiosyncratic taste shock represents the changing appeal of the
good over time. Intuitively, we could consider waves of temptation of varying strength
arriving every few minutes to a consumer’s willpower and ability to resist, as in Figure
10.4 Each shock is an independent random variable drawn from a known distribution:
individuals do not know how tempting they will find a good in subsequent periods, but
they know the distribution of taste shocks. Each period is conceptualized as relatively
short, lasting only a few minutes.

Each period, u is drawn from a known distribution with density p (u) and cumula-
tive distribution function of P (u). The net utility of consumption may be positive or
negative.

Each self is either sophisticated or naive. A sophisticated self makes a full optimiza-
tion decision across all periods: a naive self does not take into account the possibility

that the decision in period t will affect period t + 1, and so indulges if the marginal util-

Persistence for one subsequent period is chosen for simplicity; the analysis extends straightforwardly to a

hot state that endures for multiple periods.
This shock reflects both fixed traits about an individual as well as the environment or context in which the

decision is made. Some consumers might find a product more tempting, or believe themselves less able to
resist a given temptation, for example (Job, Dweck and Walton, 2010). Such consumers receive shocks that
first order stochastically dominate the shocks received by consumers who do not find a good tempting, or
believe they are able to resist the temptation.
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Figure 10: Idiosyncratic Taste Shocks

Utility fromIndulging
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ity of doing so is greater than the marginal cost in the current period.> I first consider
a simple two-period model in which the cold self is sophisticated, and the hot self is
naive. I relax this assumption and explore the implications if hot selves also optimize in
Section 4.2.3.

Other factors could exacerbate or moderate the effect of a hot state. Diminishing
marginal returns, for example, might gradually reduce the size of the taste shocks as
the good loses its appeal. Asking a consumer to perform a willpower-demanding task
beforehand or distracting the consumer while he or she chose might make it harder for
consumers to resist temptation, while teaching techniques to resist temptation might
make it easier (Baumeister et al., 1998). In order to focus on the implications of entry
into a hot state directly, however, I abstract away from these factors.

The consumer thus faces an intertemporal game between the hot self and cold self. A
consumer in a hot state is identical to one in a cold state, except that they now place a
different weight on the value of consumption: u¢ + h instead of u;. If the self chooses
to consume, they get utility from consuming: if they abstain, they get nothing. If they
are sophisticated, each self cares about the utility they get from being in that state, and

the utility they expect from being in the other state as judged by the preferences of the

Loewenstein (2005) argues that naivety on the part of selves is relatively common: consumers have a
hot-cold empathy gap, and so find it difficult to predict the preferences of the other self.
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current state. For the cold self, indulging provides positive utility but may also induce
a hot state in which their future decisions are no longer optimal based on their cold
preferences.

The model as presented assumes that entering a hot state is a binary effect: the con-
sumer enters a hot state with the initial indulgence, but h does not increase further.
An alternative would be that h increases each time a consumer indulges (the state gets
‘hotter”). This second type could then lead to a cascade effect, as each indulgence makes
a subsequent indulgence more likely, which in turns makes further indulgences even
more likely. Even a binary hot and cold state has implications for total consumption

and the likelihood of indulgence, however.

4.2.2  Two Periods, Naive Hot Selves

I consider first a two period setting, where the hot self consumes if the marginal utility
of doing so in that period is greater than the marginal cost. The hot state persists for
one period subsequent to an indulgence by the cold self, and then ends, regardless of
the choice of the hot self.

The cold self maximizes utility over both periods (equation 50), and so chooses to
indulge when the anticipated benefits of doing so are greater than the anticipated costs.
Their decision will therefore be a function of the realized taste shock in that period,
which affects the utility of consumption. For some level of taste shock, the cold self is
indifferent between consuming and indulging. For the cold self, I denote this level as i
for the hot self, it is u. For simplicity, I model the consumer as choosing this threshold
directly, but the threshold reflects an implicit binary choice to consume or abstain on
the part of the consumer in each period.

Consider first the hot self’s decision. Since hot selves act naively, they consume in
period t if the immediate marginal benefit is greater than the marginal cost, which

holds if

u+h>0 (52)
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They are therefore indifferent to consuming or abstaining when

u =u=-—h (53)

The probability of the hot self consuming in period 1 is therefore Pr(u; > —h) =
1—P(=h).

The cold choice depends on the relative sophistication of the cold self. A naive cold
self does not anticipate that their behaviour will affect their future preferences, and so
simply maximizes utility in the stage game. A sophisticated self, in contrast, anticipates

that they will have different preferences in a different state, and optimizes accordingly.

Naive Cold Self Behaviour

Because naive cold selves do not anticipate a change in their preferences, they decide
to consume in a similar manner to the hot self: if the idiosyncratic taste shock is suffi-
ciently large to make the utility from consuming greater than the cost of doing so. Since
their decision is discrete, they consume whenever the utility they get from consuming
is greater than the utility they get from abstaining, and face an identical problem in
every period in which they are in a cold state. Naive cold selves are therefore indifferent

between consuming and abstaining when:

u=u"=0 (54)

The cold self abstains if the taste shock is sufficiently small that the utility they get
from consuming is less than @wN. So, for a naive cold self the probability of consuming in
a period is the probability of a shock in excess of a threshold of 0, Pr (u > 0) =1—P (0).

Naive choices are independent of their discount rate, , or the scale of preference
difference between the two states, h, because they do not foresee future consequences
to their decision. Naive cold selves may therefore find themselves surprised by how
much they indulge, because they do not anticipate that indulging once will induce hot-

self preferences.
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Sophisticated Cold Self Behaviour

A sophisticated consumer, in contrast, anticipates entry into a hot state and includes
this in their decision. They therefore weight their decision by the anticipated effect on
future welfare. Because being in a hot state increases marginal utility, the hot self might
consume when it is not optimal for the cold self to do so, meaning inducing a hot state
is costly for the cold self state. Since there are only two periods, a sophisticated cold self
chooses identically to a naif in the second period, because the hot state cannot persist
beyond the final period, and so inducing one imposes no costs.

First, let us define v{ as the expected value of being in state S in period t to the cold

self. Since the cold self chooses as a naif in the second period, it follows that:
v§ =Pr(uz >0)E (uz |uz > 0) (55)

Similarly,

v'; =Pr(u; >—h)E(uy|uy >—h) (56)

Which can be rewritten as:

vzH:Pr(—h<u2<O) (up | —h<uy; <0)+Pr(uz; >0)E (uz |uz >0) (57)

As is intuitive, it follows that v§ > vb! if the two selves disagree (h # 0) and the

probability that a shock could occur that would make the hot self consume when it
would not be optimal for the cold self to do so is non-zero (Pr (—h < uy < h) #0).
Expected utility for a sophisticated cold self is thus the combination of their utility
given a shock is sufficiently small to convince them to abstain — in which case they
get nothing immediately, and remain in the cold state in the subsequent period— and
their utility of a shock is large enough to convince them to indulge — so that they get u

immediately, and enter a hot state.

o0
Uu="r(u) 0+6v2 +/ u+6v2 (u) du (58)
vl
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At the cold self’s optimum, Y = 0. It follows they are indifferent between indulging
and abstaining when:
0="5(vy —vy) (59)
Since:
v§ —vh' = (P(0) =P (~h)) (E(uz2 | —h <uz < 0)) (60)
it follows that:
0
=25 / up (u) du (61)
~h

1 measures the incentive for a sophisticated cold self to resist consuming relative to
a naif. The total cost of consuming in period 1 increases from nothing to § (v§ — Vi),
because the cost of consuming includes both the direct cost as well as the expected cost
of inducing a hot state as opposed to staying in a cold state.

A few implications emerge from this simple model. First, sophisticates and naifs con-
sume identically when v§ = v}!, or equivalently when h = 0: the consumer has identical
preferences in both states. They may also consume identically in a corner solution, such
as if both selves always prefer to abstain. Otherwise, since v§ > v} a sophisticated cold
self requires a higher idiosyncratic shock than a naif in order to decide to consume,
because they account for the effect of being in a hot state in the second period. A sophis-
ticated cold self may be willing to sacrifice considerable consumption to avoid inducing
a hot state.

This willingness to sacrifice present consumption in order to resist temptations in
the subsequent period is increasing in 0: the more the cold self cares about the future,
the more they will resist temptation. In the standard model, consumers resist tempting
goods because they anticipate long-term consequences from indulgent behaviour such
as obesity or addiction. Here, caring about the future reduces the appeal of consumption
because it increases the cost of anticipated irresponsible behaviour in the hot state. If
the consumer is totally indifferent to the future, in contrast, there is no reason not to

consume identically to a naif.
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Since for h > 0, % > 0, the amount of consumption a cold self sacrifices to avoid
inducing the hot self is also increasing in h: the more the two selves disagree, the greater
the cost to inducing a hot self. An increase in h increases the range of possible shocks
for which the two selves disagree, and so increases time inconsistency and the cost of
inducing a hot state. This range over which the two selves disagree, (—h, 0], determines
the scale of the time-inconsistency of preferences.

The likelihood of a naive cold self consuming in period 1 is therefore 1 — P (0), while
the likelihood of a sophisticate consuming is 1—P (5 (v§ —v5!')): sophisticates are less
likely to consume. A sophisticated consumer is better off than a naif by the principle of
revealed preference, since sophisticates could choose to consume identically to a naif,

but do not. Both types, however, are worse off than they would be if they were able to

consume without inducing a hot state.

4.2.3 Infinite Horizon, Sophisticated Hot Selves

So far, we have assumed that hot selves do not optimize, but instead consume if the
immediate utility of doing so given their preferences is positive: that they are naive. The
cold self is therefore able to best respond to the hot self, while the hot self’s behaviour
is independent of the cold self’s choice. If both selves are sophisticated, however, then
they each best respond to the behaviour of the other self.

In order to examine behaviour when both selves are sophisticated, let us consider a
consumer facing an infinite horizon, so that the two selves interact repeatedly. As before,
in each period the consumer makes a binary decision on whether to consume or abstain.
When the cold self indulges, they induce the hot self. Now, however, the hot self retains
control until they choose to abstain, which induces the cold self. The cold self resists
temptation if a shock is below a critical threshold of u, @; the hot self resists temptation
if the shock is below their critical threshold of u, u. Each self is indifferent between
consuming and abstaining at their threshold.

If both selves are naive, then optimal behaviour is identical to the finite horizon: con-
sumers adopt naive strategies of u = —h and 1t = 0. If only one self is sophisticated, that
self can best respond to the naive behaviour of the other self. If both are sophisticated,

however, they each account for the behaviour of the other self when they optimize. As
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in the two-period game, the cold self must account for the fact that if they choose to
indulge, they induce a hot state in which they may not behave optimally based on their
cold preferences. In addition, however, the hot self accounts for the fact that if they
choose to abstain, they induce a cold self that may not behave optimally based on their

hot preferences.

Cold State Utility

I denote the expected cold self’s utility from being in state S in period t as V{ and the
hot self’s utility from being in state S as Vts. Since the cumulative distribution function
of u is P (u), the probability a taste shock is below X is P(X). The value of being in a
cold state to a cold self at the beginning of period t is therefore a combination of the
probability a shock will be sufficiently low that they abstain, in which case they get
no utility this period and remain in the cold state for the subsequent period, and the
probability a shock will be sufficiently large that it convinces them to consume, in which

case they get utility of u immediately and are in a hot state for the subsequent period.

VE =P (@) (0+ 8V +/ [u+8Vi ] p(u)du (62)

Note that if a consumer always chose to abstain, VtC = 0, because there is no direct
utility from abstaining. Similar to their value of being in a cold state, the cold self values
being in a hot state at the beginning of period t as a combination of the utility they get
from abstaining and the utility they get from indulging, weighted by the probability of

each.

Vit =P (u) (0+8V{ +/ [u+8V{L,]p(u)du (63)

Since the consumer faces an infinite horizon, the only difference in each period is the
realized idiosyncratic shock, and so the value of being in a given state at the beginning

of each period (before the shock is realized) is equal: Vi = V{ _; = V.

The cold self maximizes their utility with respect to 1, selecting a level of indulgence

given the value they assign to being in a hot state. At their optimum, they therefore set

d(;{_tc = 0. Differentiating equation 62, it follows that at their optimal threshold,
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ovH

—— =p@&V-—p (@ (a+sV")+5(1—P(w)) =

0 (64)

To find how the value of being in a hot state to the cold self changes as the cold self

changes their consumption threshold, I differentiate equation 63:

ovH

A 6
o (65)

Substituting equation 65 into equation 64, we can thus derive a first order condition

that determines the cold self’s optimal threshold

ot =5 (Ve -V (66)

Similar to the two period case, the cold self’s consumption threshold is a function of
the value they get from being in the cold state and the value they get from being in
the hot state. Each of these values, in turn, is a function of the hot self’s behaviour, par-
ticularly their threshold for indulging in consumption, u. Let us define the conditional

mean of u given that it is greater than X as

B Jx up (u) du

GX)= S p(u)du

(67)

Substituting this into equations 62 and 63, we can rewrite V¢ — V1 as a function of
@ and u. Finally, we can substitute this into equation 66 to get an implicit equation
defining the cold self’s optimal threshold as a function of the behaviour of the hot state,
u; their preferences; and the distribution of u, which determines both the cumulative

distribution function and the conditional expected value, P (X) and G (X).

(68)

When u > 1, the cold self indulges: when u < 1i, the cold state self resists.
Each self’s best response is a function of the best response of the other player. The
Nash equilibrium will depend on the optimal strategy of the other self, and on the

distribution of u. I therefore now consider the optimal behaviour of the hot self.
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Hot State Utility

Inversely to the cold state, the hot state persists when the hot self consumes, and
ends when the hot self abstains. As a result, it is abstaining that induces a change in
preferences and a time-inconsistency problem. The hot self’s expected value of being in
a hot state at the beginning of period t is therefore based on the probability the taste
shock will convince them to abstain, in which case they get nothing in the current period
and begin the next in a cold state; and the probability the taste shock will induce them
to consume, in which case they get their utility from consumption and remain in a hot

state in the subsequent period. As before, since the consumer faces an infinite horizon

and the taste shocks are independent and identically distributed, V¢ = V5 = = VS,
(9]
V=P (u) (0+6\7C)—|—/[u+h+6\7H]p(u) du (69)
u
The hot self anticipates value from being in the cold state of:
VE =P (1) O—HSVC +/ u+h—|—6\7H]p(u)du (70)
pve

The hot self optimizes by choosing a value of u that maximizes their value function.
At the optimum, % = 0. By an analogous process to that of the cold self, we can
differentiate equations 69 and 70, and derive a first order condition that determines the

hot self’s optimal threshold for consumption:

u=5(VE-VH —h (71)

Finally, rewriting equations 69 and 70 and substituting into equation 71, we get an
equation for the hot self’s consumption threshold as a function of the cold self’s be-

haviour and the distribution of u

_8G(@)(1—P @) —56 ) (1-P(u) —h
T—5 (P (@) — P w) 72)

When u > u, the hot self indulges: when u < u, the hot self abstains. The hot self’s
optimal threshold parallels that of the cold self, but accounts for the extra utility they

get from consumption, h.
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Equilibrium Behaviour

We now have implicit equations @ (1) and u (1), which define each self’s best response
as a function of the other self’s behaviour. How each self behaves depends on their own
preferences, how the other self will behave, and the expected distribution of shocks. In
the Nash equilibrium the two selves play equilibrium values of {ti*, u*}, where 0* =
1 (u*) and u* = u (0*): they best respond to the behaviour of the other self, conditional
on their expectations about the shocks they expect in future periods.

A naive self does not anticipate that their choices will affect their future behaviour. If
d = 0, the consumer places no value on the future, and so though a self may anticipate
future consequences from their behaviour, they are indifferent to them. In either case,
they then act as if they faced a repeated stage game that is identical in each period, and
consume whenever the marginal utility of doing so in the stage game is greater than

zero: Tt = 0 and u = —h. Figure 11 shows the best response functions for naive selves.

Figure 11: Naive Best Response Functions

u
- u
-h =
7 — NaiveHot Self
47 — NaiveCold Self
g --- Time Consistent

Naive selves behave independently of the decisions of the other self, because they do not anticipate that
their future preferences will be different.

If both selves are naive, each plays their stage-game utility-maximizing strategy, in-
dependent of the behaviour of the other self since they do not foresee a future change
in preferences. The equilibrium is time-inconsistent, since because the two selves have
different preferences, their naive strategies are different.

The cold self’s optimum point is at the origin, and so their best response function is

along the x-axis. The hot self’s optimum point is at {—h, —h}, and so they consume along
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the line u = —h. Relative to their optima, the hot self would be better off if the cold self
consumed more often, and the cold self would be better off if the hot self consumed less
often.

Sophisticated selves account for the fact that their behaviour may induce another self
which has different preferences from their own. Inducing another self — for the hot self,
choosing to abstain, and for the cold self, choosing to indulge — may therefore impose a
cost on the current self in terms of time-inconsistency.

Both selves would prefer to impose behaviour on their other self and achieve a time-
consistent consumption path. In that case, since each self’s naive strategy maximizes
their utility in the stage game, with perfect self-control® the self in control adopts their
naive strategy in all periods. They therefore consume where their naive best response
function crosses the 45° line.”

Absent perfect self-control, time consistency might occur at a corner solution. If u > 0
for all u, for example, both selves always consume, and so there is a time consistent
equilibrium of complete indulgence. Equally, if u < —h in all periods, both selves always
abstain.

To consider the behaviour of sophisticates in more detail, let us assume that u ~

U [a, b]. It follows that the best response curves of each self are

1 - 1 .
aos| 2 -0 oy 2@ W) —(boah (73)
b—a—-06(i—u) b—a—-96(—u)
If, for example, we assume a = —1, b = 1, then we can graph the best responses of

each self, as in Figure 12.

Because the two selves have time-inconsistent preferences, both selves move away
from their naive behaviour, and behaviour is time-inconsistent: the best response curves
do not intersect on the 45° line. Recall that if there was only one self, that self would wel-
fare maximize in each stage game by adopting the naif strategy for their type. Relative

to that benchmark, here the cold self would prefer the hot self consume less often, and

6 Literally ‘self’-control, in this case - the ability to control the behaviour of the other self
7 Consumers might act as if they had cold or hot preferences with perfect self control, depending on

which self was able to impose its choices over the other — typically, cold preferences are treated as the
‘real’” preferences of the consumer (as, for example, in Loewenstein (2005), who distinguishes between hot
affected states and cold unaffected ones).
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Figure 12: Sophisticated Best Response Functions
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Each self best responds to the behaviour of the other self. As the behaviour of the other self departs from
the self’s optimum, the cost of inducing another state increases, and the self abstains or indulges more
often.

the hot self would prefer the cold self consume more often. Absent coercive ability over
the other self (whether self-control or an external mechanism), each self best-responds
to the behaviour of the other.

Conditional on the hot self behaving non-optimally by the standards of the cold self,
the cold self has an incentive to consume less often to avoid inducing the misbehaving
hot self. Similarly, conditional on the cold self behaving non-optimally by the standards
of the hot self, the hot self has an incentive to consume more often, to avoid inducing
the misbehaving cold self.

Note that multiple equilibria may exist. In Figure 12, there are three: two interior
equilibria (one of which is unstable), and one corner solution where the hot state al-
ways consumes, and the cold state often — though not always — abstains. The worse the
behaviour each self expects of the other (by their standards), the larger their incentive to
also adopt extreme behaviour relative to their naif choice, in order to reduce the chance
of entering the other state. If they expect only moderate deviation by their other self,
however, then their best response is also a relatively moderate deviation, and so the

equilibrium is closer to their naif preference.
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Only one of the two interior equilibria — the more moderate one — is stable. The
corner solution need not involve extreme strategies by both selves, however. In Figure
12, the cold self’s best response to a hot state that always indulges (u = —1) is to heavily
restrict consumption, but not to abstain completely (it < 1). Since abstaining provides
no utility, even when the hot self always consumes, the cold self still prefers to consume
for a sufficiently high taste shock, despite the permanent loss of control that entails. In
response to this behaviour by the cold state, the hot state’s best response is to indulge as
much as possible, and so it is an equilibrium. For other distributions of shocks, however,
the corner solution might involve both selves adopting a threshold at the edge of the
distribution.

Since welfare falls as behaviour becomes more extreme, both selves would prefer to
be in a more moderate equilibrium, since it allows them both to consume more closely
to their optimum. Depending on their expectations, however, this may or may not be the
equilibrium result. In all cases, however, the cold self consumes less than they would as
a naif, while the hot self consumes more.

The more the two selves disagree, the larger the absolute value of sum of their
optimal strategies: from equations 73, u + 1 = —h. The difference between the opti-
mal strategies for each self, in contrast, need not be unique: rearranging equations 73,

§ (u—1)?

+(b—a)(u—1)+ (b—a)h = 0. This provides a measure of the total sacri-
fices each self makes in order to best respond to the other self’s behaviour — informally,
we could consider this a measure of willpower. It is a function of their discount rates,
the difference between the two utility functions, and the distribution of taste shocks.

Implicitly differentiating the cold self’s best response function, we can find how their

best response changes in response to a change in the behaviour of the other self:

do d(u—1) (72)
du b—a—58(u—u) 74
and, for the hot self:
du d(u—1)
= (75)

di b—a—5(u—u)
The cold self’s slope is greater than that of the hot self in the relevant region if t —u <

b4 For sufficiently low 5, there is a unique interior equilibrium: if selves do not place
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much weight on the future, the incentive to alter their behaviour to prevent the other
self from taking control is muted, and so within the range of possible values of u, only
one equilibrium exists.

As the parameters of the problem change, the best response curves of each self shift.
As b falls, for example, each self places less value on the future and so cares less about
the costs of being in the other state. The best response curves of each self flatten, and
sophisticated behaviour approaches naive behaviour. As h increases, in contrast, the
difference in preferences between the hot and cold self increases, increasing the cost of
inducing the other state. For h = 0, the naive and sophisticated best response functions
for both selves cross at the origin, and so the naive and sophisticated equilibrium thresh-
olds are time consistent (and identical) because the two selves have identical preferences.
As h increases, the two selves increasingly disagree, and the other self’s behaviour is so
undesirable that both selves adopt extreme behaviour to prevent it.

Also important is the distribution of u. The cost the cold self anticipates from inducing
a hot self is determined by the likelihood the taste shock is in the range —h < u; < 0. If
u < —h, then both the hot and cold selves agree they would prefer to resist temptation. If
u > 0, both the hot and cold selves prefer to indulge in temptation. There is therefore no
disagreement. For —h < u < 0 however, the hot self gains positive utility from indulging
while the cold self does not. The probability that the taste shock falls in that range, and
the utility when it does so, therefore determines the scale of the time inconsistency.

The range of the distribution affects the expected return for each self from consuming
as well as the likelihood that the two selves will disagree about the optimal behaviour.
Straightforwardly, for some distributions the selves agree on the optimum course of
action in every period: since when the taste shock is below —h or above 0 both selves
agree on the optimal choice, if the distribution of taste shocks is entirely in those regions,
the two selves always agree. For a fixed disagreement h and a uniform distribution of
shocks, as a — —oo and b — oo the equilibrium goes to {—h,0}; the probability of a
shock occurring in the range that provokes disagreement goes to zero, and so both selves
play their naive strategy. As the range increases and the probability of a disagreement
falls, the incentive for each self to alter their behaviour in order to prevent a change of

state falls, and so they consume closer to the naive optimum.
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The relationship between naive and sophisticated behaviour is shown in Figure 13.

Sophisticated selves anticipate future utility or disutility from their choices, encouraging
them to consume more or less as appropriate. Each self would prefer, however, to impose

behaviour on the other self so they can achieve their naive optimum.

Figure 13: Sophisticated and Naive Best Responses
u
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Each self deviates from their naif optimum based on the behaviour of the other self.

As u — 1, the hot self always abstains, even more than the cold self would find
optimal. The cost of inducing a hot state for the cold self therefore increases, and the
cold self’s best response deviates increasingly far from their naive strategy. If the hot
self always abstains, however, then the cold self regains control immediately after they
abstain once, and so the cost of inducing a hot state is limited: consuming means that
the cold self will get no utility in the subsequent period, and then be in a cold state
again. As u — —1, the cold self’s best response is again to deviate further and further
from their naive strategy. Now, however, if the cold self induces a hot state it may persist
for many periods (for u = —1, it is permanent), and so at the limit the cold self must
weigh the utility they will get from consuming in a period against the costs of enduring
a permanent hot state in which they consume in all subsequent periods.

The hot self faces similar incentives. Their naive optimum is to set u = —h. As i — —1

or i — 1, the cost of inducing a cold state increases, and so the incentive to consume
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and perpetuate the hot state increases, encouraging deviation from their naive strategy.
This is particularly costly as @i — 1, because this implies that if the hot self abstains, the
cold state is anticipated to endure for a large number of periods. As = — —1, in contrast,
inducing a cold state guarantees consumption in the subsequent period, after which the
hot self regains control.

If the hot self is naive, then a sophisticated cold self faces a vertical best-response
function, as in Figure 13. Similarly, if it were possible for the hot self to be sophisticated
while the cold self was naive (as described by Jekyll and Hyde, perhaps), then the hot
self would face a horizontal best response function. In either case, the other self is then
able to best respond to the naive behaviour, and the sophisticated self is able to achieve
a consumption path closer to their own time-consistent optimum. It is not clear whether
one self could be sophisticated while another was naive, however, since both make up
the same consumer. Whether the consumer is better off to have both selves naive or both
sophisticated will depend on relative welfare for at {—h, 0} and {u*, 0*}.

Similarly to the two period case, we observe that consumers adopt strategies modi-
fying their consumption from what they would choose as a naif or if they had perfect
self-control. The hot self increases consumption in order to reduce the frequency of in-
ducing a cold state: the cold self resists temptation more often in order to avoid inducing
a hot state. With a sophisticated hot self, however, multiple equilibria are possible, with
relatively moderate or extreme deviations from optimal behaviour. The equilibrium also
depends on the preferences of the consumer — particularly the size of time inconsistency
between the two selves as measured by h, the discount rate §, and the scale of the temp-

tation.

Discussion

U is a personal rule for a sophisticated cold self. They are aware that the marginal
utility of consuming a square of chocolate is higher than the marginal cost in period t,
but because they anticipate that indulging will make them more likely to overindulge in
the subsequent period, they resist temptation. The higher the expected costs from being
in a hot state, the higher 7t will be, until in some cases the cold self might prefer never

to consume.
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Personal rules thus reflect the relative sophistication of consumers: anticipating the
change in preferences from being in a hot state, they commit to a personal rule that
restricts consumption, because doing so reduces their time inconsistency. A cold self
who can stay in that state reduces their time inconsistency, and so has an incentive to
follow the rule. Similarly, a hot self that can stay ‘hot” reduces their time-inconsistency.

Ainslie (1992) introduced personal rules as a potential strategic response by agents
facing temptation, suggesting that people adopt a strategy of grouping decisions today
into sets with decisions tomorrow, so that each choice became a precedent predicting
future choices in the set. Even if a consumer prefers to indulge in the immediate moment
— is happy to eat a single chocolate in exchange for the 100 calories it contains — he does
not prefer to consume the entire bundle — the rest of the chocolate box. The cost to
making any single bad decision increases, and people are better able to resist the initial
temptation. Consumers thus create their own activation cost for a behaviour by making
a choice to indulge in it also a choice to indulge in later, undesired, behaviours.

In order for a personal rule to be effective, however, the consumer must be able to
commit to it. Otherwise, each time a rule is violated, it is optimal for a consumer to
create a new rule that groups all future violations of the rule together, and exempts the
preceding indulgence. In other words, if a consumer creates a personal rule not to eat
chocolate, and then does so, there is an incentive to find a reason doing so doesn’t break
the rule, or begin a new rule that states that from that point forward, the consumer will eat
no chocolate. Indeed, it is easy to picture consumers doing exactly this. Anticipating this
time-inconsistency, however, a consumer gains no value from establishing a personal
rule: they are aware that they can always ignore the rule after it is violated, and so
a personal rule has no extra benefit beyond their original desire to resist temptation.
Bratman (1999) worries that abstaining or indulging today may give no practical reason
to abstain or indulge tomorrow, rendering personal rules impractical because there is
no element of commitment.

The model introduced above suggests an alternate perspective. If indulging once in-
duces a hot state, then a personal rule is a sensible strategy on the part of the consumer.
Knowing that they are more likely to succumb in subsequent periods if they indulge
in one, a temptation must be correspondingly stronger to be worth succumbing to. Per-

sonal rules are thus a result of sophistication on the part of the cold self, because they
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anticipate that indulging once will begin a hot state. In an extreme, a rule might even

forbid consuming a type of good entirely.

The effect of personal rules, however, is determined by which self is adopting the rule.

A consumer deciding while in a cold state how much chocolate to eat has an incentive
to adopt a rule that reduces their likelihood of consumption. If the temptation becomes
overwhelming, however, or if something else intervenes to make them succumb, then
their hot self takes over and may also employ a personal rule: realizing that if they
return to a cold state, they might not get a chance to eat more chocolate, the hot self

consumes more than even they would want.

4.2.4 Long-Run Effects

I now briefly extend the model to consider consumers who choose a continuous
amount of consumption, rather than whether to indulge or abstain, in a setting where
only a subset of goods induce a hot state. For simplicity, I use a deterministic version
of the above model. This could also be seen as a longer-term version of the model, in
which the short periods described above aggregate into longer, macro-periods.

Let us consider a consumer facing a decision on how to allocate an endowment W
across an infinite horizon. The consumer can choose between two types of goods: c (as
in chocolate), which induces a hot state with respect to consumption of that good, and
b (as in bread), which does not. If the consumer chooses to consume a strictly positive
amount of ¢, then their marginal utility of consuming c increases. Utility is separable in

c and b. In the cold state, utility is thus

up = f(u(ed),ulby)) (76)

If the consumer indulges in period t, they enter a hot state. In a hot state, the consumer
places a higher value on immediate consumption of good c, so utility is

w! =f(Bu(c),u(be); (77)

Note that the effect of entering a hot state is now multiplicative, not additive, in order

to preserve the increase in marginal utility. Hot states persist only for the immediate
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period, and hot selves optimize as if they received a higher marginal utility from con-

sumption in that period. Total utility for the cold self is therefore

o0
uc=>» stuf (78)
t=0

while total utility for the hot self is

Ul Y st 79
t=1

The price of good c is p¢, and the price of good b is normalized to 1: the consumer
is a price taker in both goods, and faces constant prices across time. The optimization
decision is therefore subject to the standard budget constraint, } {- ; pcc+b < W.

A naive cold self does not anticipate this change in preferences, and so plans to con-
sume their optimal amount each period. As in the standard model, they set the marginal
utility of consuming good c equal to the marginal utility of consuming good b, and the
marginal utility of increasing consumption equal across all periods. This consumption
plan, however, is not enforceable. Conditional on consuming ¢ > 0, a hot state is induced,
in which the marginal utility of consuming c is increased. Each period, the naif ends up
consuming more c than they planned, and is worse off than they expected: the glutton
who is constantly surprised by their overconsumption. The utility the naive cold self
receives from consumption is therefore lower than he would have gotten had he been
able to commit to his optimal consumption pattern, because the hot state preferences
affect his behaviour but not his cold state utility.

A sophisticated cold self, in contrast, faces a kinked utility curve. Marginal utility at
¢ = Ois different from utility at ¢ > 0, and so a corner solution is particularly likely. Since
the cold self is unable to commit to their desired consumption path, in other words, they
can choose either to consume nothing or to begin consuming and so consume as if they
had hot preferences.

The global optimum for the cold self might be to consume a moderate amount of
chocolate. The cold state self faces a limited choice set, however, because conditional
on consuming a strictly positive amount, they cannot control how much they consume.
They are therefore forced to choose between a local optimum of consuming nothing, or

the hot self’s optimum consumption point. Defining the hot-self optimal consumption
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bundle as (c", b™) and the cold self’s optimal consumption of b if they abstain entirely
from c as b, if

A

u€ (CH,bH) <u® (0,b) (80)

then it is optimal for the cold self to consume nothing of good ¢, and consume exclu-
sively good b: in other words, to implement a personal rule forbidding consumption of
a good that induces a hot state. When condition 8o holds, in other words, the consumer
prefers to eat no chocolate at all than to eat the entire bar, even though eating a single
square may better than both of those options.

This is likely to hold when the hot state is particularly distortionary to preferences
(when 0 is large), or when good c has rapidly diminishing or negative marginal returns
over parts of its range. In that case, a consumer may be willing to give up a lot to resist
temptation and avoid overconsuming relative to their optimum. This may explain why
personal rules are often discussed in the context of goods that are best consumed in
moderation, such as chocolate or alcohol: the health impacts of both when consumed
in excess mean that their returns are sharply diminishing. Otherwise, the cold self may
accept the best they can do is to allow the hot self to indulge: they would ideally like
only a single square of chocolate, but accepts that their second best option is to allow
the hot self to eat the entire bar.

The potential for hot states thus predicts we might observe some consumers abstain-
ing entirely from consuming some types of goods, particularly if such goods induce
very strong hot states, or if overconsumption has particularly deleterious effects, even if
moderate consumption has no harmful effects at all.

In the long run, permanent shifts in marginal utility might result from repeated entry
into the hot state. This is what is captured in studies of addiction or long-term habits:
consumers find themselves permanently affected by their behaviour, so much so that
even after a significant amount of time, they are more vulnerable to a temptation than
consumers who never indulged in the first place (Nestler, 2001).

This long-run effect would increase the incentive to use a personal rule. The classic
model of long-term habits, Becker and Murphy (1988), suggests consumers are charac-
terized by the creation of ‘consumption capital’: as they consume more of the addictive

good c, their stock of consumption capital S; increases, which increases the marginal
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utility they receive from consuming more of it. Here, since entering a hot state increases
marginal utility, hot selves accumulate more consumption capital than the cold self
would deem optimal, and may begin a path of addiction. Naif cold selves then risk acci-
dental addiction. Sophisticates, aware of the risk, would then employ correspondingly
stronger personal rules, further restricting consumption.

Personal rules denying consumption of an entire class of good are thus a rational
strategy for sophisticates to adopt in some contexts, particularly when the hot self has
very different preferences, or when c has rapidly diminishing or negative marginal re-
turns over parts of its range, such as health implications from overconsumption. If there
is the potential for long-term habits to form, then naive consumers could also become
addicted by accident, with significant welfare implications. In light of Loewenstein’s
work on hot-cold empathy gaps (Loewenstein, 2005), which suggests that cold selves
often struggle to predict the preferences of their hot selves, naive accidental addiction
could be a serious concern. In addition, the potential for addiction increases the incen-
tive for sophisticated consumers to use stronger personal rules, particularly when the
potential temptation effect is large. We might therefore expect consumers who are par-
ticularly concerned about the health implications of chocolate to demonstrate the largest

temptation effects in the lab, for example.

4.3 EXPERIMENT

Having considered a model of hot and cold states, I test for their existence in the
lab. In particular, the model suggests consumers behave differently if they are in dif-
ferent states. In light of the theoretical analysis, I propose two testable implications of
the model. First, and the most basic prediction, is that early indulgence in a consump-
tion good increases total consumption, and makes it less likely a consumer will abstain
completely. Second, the theory also suggests that the effect should be particularly pro-
nounced for subjects who are tempted by the consumption good or who are motivated
to use personal rules.

The initial state of the consumer affects expected consumption. To see this, consider
behaviour if in period zero nature determines whether the consumer begins in a hot

or cold state. Naive cold selves consume less than hot cold selves: if the two selves are
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sophisticated, this difference is exacerbated. The increased likelihood a consumer who
begins in a cold state will abstain reduces their consumption directly and reduces the
probability of the consumer entering a hot state, further reducing their expected con-
sumption. A consumer beginning in a hot state therefore consumes more in expectation

and is less likely to abstain entirely from consumption.

Hypothesis 1: Consumers who indulge in a good once (and so are in a “hot’ state)
will consume more in total over subsequent periods, and be less likely to abstain

entirely from consumption.

In the experiment, participants in Treatment A are asked to eat a piece of chocolate
immediately, while participants in Treatment B — the control — are not and so begin in a
cold state. Figure 14 illustrates this setup in light of the model, with a particular draw
of taste shocks u over two periods. Participants in Treatment A indulge in both periods,
while those in Treatment B manage to resist in the first period, and only indulge in
the second, after which their threshold drops to the same level as participants in A.
Consumers in Treatment A would thus be observed to consume 50% more chocolate in

total, assuming each indulgence is of equivalent size.

Figure 14: Treatments A and B

Taste Shock y;
A
U __________________________
TreatmentA
aw—
--- TreatmentB

\J

Period 1 Period 2

In the experiment below, some participants are asked to indulge immediately in chocolate (Treatment A),

while others are not (Treatment B). The subjects in Treatment A, who begin in a hot state, indulge in both

periods, while those in Treatment B resist the shock in period 1 and only consume and enter a hot state in
period 2.
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An important question is whether having an initial behaviour exogenously imposed,
rather than the result of free choice, could affect the change in the temptation threshold.
The literature is mixed as to whether this affects behaviour. Some theories, such as self-
signalling (Bénabou and Tirole, 2004) or the potential for willpower to be used up as
consumers resist temptation (Baumeister et al., 1998), rely on an initially free choice by
consumers, while others, such as a physiological or information effect, do not.

Second, the motivation for consumption to induce a hot state was psychological ev-
idence that suggests complementarity in consumption of tempting goods. Since con-
sumers vary in how tempting they find a given product, we might reasonably expect
consumers who find something tempting but are attempting to resist that appeal to
demonstrate a larger temptation effect. Consumers on a diet may find chocolate particu-
larly tempting, since they are attempting to restrict their consumption of it. In addition,
the theory predicts that consumers with particularly extreme hot states (h high) will be
particularly reluctant to indulge while in a cold state. These consumers are therefore
more likely to diet while in the cold state, restricting their consumption of tempting
foods so as to avoid inducing the hot state. This selection effect implies that consumers
who have strong personal rules while in the cold state — in other words, who are on a
diet — should demonstrate a particularly pronounced change in preferences when they

enter a hot state:

Hypothesis 2: Consumers who find a good more tempting — such as those on diets,
in the case of food, or attempting to quit, for cigarettes — are particularly likely to

demonstrate a temptation effect, or to demonstrate a stronger temptation effect.

To test these hypotheses, I conduct a lab experiment.

4.3.1 Design

The experiment was conducted in order to test for the existence of a temptation effect:

would subjects who had already had a piece of chocolate, and thus potentially entered a
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hot state, consume more chocolate in total? 149 students from the University of Oxford
participated in eight lab sessions, all scheduled at 3pm in order to minimize the variation
in hunger between sessions.® One subject was unable to take part due to a food allergy,
and so the total sample was 148. Based on the theory, subjects on diets were of particular
interest, but to avoid increasing the salience of diet and temptation to potential subjects,
this was not mentioned in recruitment. The experiment took roughly one hour. Genders
were balanced, with 74 women and 74 men. Subjects were paid just over £10.50 on
average, including a £4 show-up fee. Students were recruited through the Centre for
Experimental Social Sciences at the University of Oxford.

As participants arrived at the lab, they were randomly allocated to either a treatment
or control group. All subjects were taken individually into a small room and asked
about any potential allergies. Group A — the treatment group — was given an unopened
(but previously weighed) container of chocolates and asked to try one of the them. The
participant was told they could take the chocolates with them to the workstation and
have as many as they wanted. They were then led to the workstations. This was intended
to induce a hot state of consumption in these participants.

Group B — the control group — was not asked to try a piece of the chocolate, and was
instead just given the chocolate container and told to have as many as they wanted,
then led to the workstations. For both groups, how long they would have the chocolates
and whether the amount of chocolate they consumed would be measured was left un-
specified. Subjects were all told to have as many as they wanted at the workstation, to
minimize the difference in any implicit permissions from the experimenter.

The chocolates had a single exterior container (see Appendix A) to minimize the
sound of consumption and potential spillover effects, as well as to make it difficult for
participants to take chocolates with them. Chocolates also had a relatively small unit
size, about the size of a 5 pence piece or American dime and weighing less than a third
of a gram, to minimize the possibility that the initial piece consumed by participants in
the treatment group would fully satiate participants.

Once all participants were seated, they were given a series of tasks to perform on their
workstations in order to measure their discount rate and their executive function. If the

treatment affected discount rates or executive function, this might lend some insight

8 The experiment was programmed and conducted with the experiment software z-Tree (Fischbacher, 2007)
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into the channel by which any effect on chocolate consumption might occur. Discount
rates were elicited through a series of decisions between receiving four pounds today
or a different amount in one week (ranging from £4 to £7.60 in forty pence increments
— for comparison, the minimum hourly wage in the UK is £6.50), based on the choice-
based approach in the literature (Hardisty et al., 2013). If subjects chose the reward
in one week, they were asked to return to the lab to pick it up. Executive function was
measured with a Stroop test, in which subjects were presented for several moments with
the name of a colour written in a potentially different colour, and then asked to either
select the colour named by the text or the colour of the text (Stroop, 1935; Duckworth
and Kern, 2011).

After subjects had completed these tasks, the chocolate containers were collected from
the workstations. Finally, subjects were asked questions to elicit their beliefs about the
nature of willpower, including whether it was a limited resource exhausted by use or
self-sustaining, as well as their demographics. Previous work has shown that beliefs
about the nature of willpower can affect performance on some tasks (Job, Dweck and
Walton, 2010). These questions were asked after the chocolate was collected to avoid
revealing the relevance of willpower to the experiment. Subjects were then paid. Details
of the experimental procedure can be seen in Appendix B.

An important aspect of the experiment is that the initial behaviour was to some extent
exogenously imposed on the consumer, rather than a result of free choice. This rules
out several otherwise possible explanations for the effect, including the possibility for
consumers to improve their ability to resist temptation through practice (Oaten and
Cheng, 2006), or to learn about their ability to resist temptation (Bénabou and Tirole,
2004). The experiment is therefore a relatively strong test for consumption persistence,
since it rules out explanations that require personal choice in the initial indulgence. The
advantage of doing so is that subjects who choose to indulge a first time are clearly not

a random sample.

4.3.2 Results

I study the effect of the treatment on how much chocolate was consumed out of

the approximately 65 grams of chocolate provided. Based on the theoretical analysis
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(Section 4.2), I was particularly interested in how groups who might find chocolate
tempting but be trying to resist the temptation would respond to the treatment. This
criterion potentially applied to two groups: consumers on diets (n = 52), who might be
expected to find chocolate more tempting because they were denying it to themselves,
and women (n = 74), who anecdotally might have been expected to find chocolate more
tempting. Because some participants (n = 12) consumed all the chocolate given to them,
I use a one-sided Tobit model (Table 1).

The treatment is not a significant predictor of chocolate eaten for participants as a
whole (n = 148, p = 0.633).? The effect is also not significant for women (p = 0.508). There
is, however, evidence for an effect for consumers on a diet, as the theory would have
ex-ante suggested. This may suggest the importance of attempting to resist temptation

in inducing a temptation effect, as discussed in Section 4.2.1.

Figure 15: Chocolate Consumed

Response to Treatment, By Diet Status
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As can be seen in Table 1, absent controls the effect of the treatment on participants on
a diet is only weakly significant (p = 0.082). A non-parametric test, the Mann-Whitney U
test, finds a significant relationship (p = 0.0286). Controlling for the time they spend at
the workstation, gender, and how much they like chocolate in general, the treatment is a
significant predictor of how much chocolate consumers on a diet ate, based on the Tobit

regression (p = 0.023). Consumers on a diet ate a significant 8.92 grams more chocolate

9 All figures reflect robust standard errors.
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if they were in the treatment group — about half the weight of a Reese’s Peanut Butter
Cup - in comparison to the control group. This difference is about 50% of the mean
total chocolate consumed, 19.08 grams.

Because an interaction term between being on a diet and the treatment is not sig-
nificant, this provides only weak evidence for the temptation effect: subgroup analysis
has been found to be potentially misleading in some cases (Brookes et al., 2001). The
theoretical motivation for focusing on consumers who are restricting their diet, and the
existence of a significant non-parametric relationship, makes this result of particular
interest, but it is more suggestive of an effect than conclusive. As can be seen in Fig-
ure 15, consumers on a diet do appear to eat more chocolate when in the treatment
group in comparison to the those not on a diet and overall, but the variance in chocolate
consumed is wide.

To some extent, therefore, the experiment provides support for the idea that con-
sumers will consume more if asked to consume a chocolate beforehand (Hypotheses
1), but only for consumers on a diet (Hypothesis 3). Hypothesis 1 also suggests that
consumers in a hot state are less likely to abstain from indulging entirely. Seven sub-
jects ate no chocolate at all while at the workstations: six of them were in the control
group, the cold state condition, and only one was in Treatment A, the hot condition.
This is supportive of Hypothesis 2, but the small sample size means no conclusion can
be drawn.

In the first specification, I consider the treatment effect on chocolate eaten absent all
controls. In the second, I control for the order in which subjects sat at the workstation
as a measure of how long they spent at the workstation (which affects the time the par-
ticipant had to eat the chocolate), gender, and how much they said they liked chocolate
in general.’® The results are presented in Table 1. Figures reported include all chocolate
consumed by the subjects, including both the treatment and at the workstation. This
was done because the delay between the treatment and being at the workstation was
small, suggesting consumers might treat the decision as a single choice, rather than two
discrete opportunities to consume. Due to the small size of individual chocolates, how-

ever, examining the amount of chocolate consumed solely at the workstation does not

As a check for bad controls, I also look at whether the treatment affects the subjects” rating of how much
they like chocolate. There is not a significant difference in the rating of the chocolate between the treatment
and control groups.
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change the significance of any of the results. Interestingly, whether a subject was on a
diet, measures of their willpower, and gender were not significant in explaining total

chocolate consumption.

Table 1: Effect of Treatment on Chocolate Eaten

Dependent Variable: Amount of Chocolate Eaten while at Workstation

Full Sample,  Full Sample Restricted Restricted
No Controls Diet, No Diet
Controls

Treatment 1.68 2.63 9.17* 11.27%

(3-51) (3-97) (5.16) (4.80)

Time -0.47* -0.32

(0.25) (-:34)

Gender 3.19 1.60

(3-33) (4-85)

Chocolate 5.29%** 6.42%**

Rating

(1.07) (1.70)

Diet x 3.967 -
Treatment

(5.05) -

Robust Standard Errors are in parentheses. *Significant at 10%. **Significant at 5%. ***Significant at 1%.
Regression is a one-sided Tobit on the right tail.

A secondary question of interest was how the treatment affected consumer discount
rates, since such a channel might explain the treatment effect. If the measure of discount
rates is included in the above regression, however, the effect on consumers remains
significant (p = 0.021), suggesting a change in discount rates cannot explain a change
in chocolate consumption. In fact, the measured discount rates are not a significant
predictor of chocolate consumed (p = 0.27). The treatment does affect discount rates
directly, however. I run a Tobit regression examining how participants’ discount rates
are affected by the treatment, finding that the treatment does have a significant effect
on how much participants discounted the future (p = 0.018). A Tobit model is used
because some subjects choose the immediate reward at all opportunities. Controlling
for the same factors as above, the effect remains significant (p = 0.013). Table 2 shows
the results.

Being asked to taste one of the chocolates beforehand is associated with a subject

choosing to take the reward in one week as opposed to immediately for an average of
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Table 2: Effect of Treatment on Discount Rates

Dependent Variable: Observed Discount Rates

No Controls Controls

Treatment -0.98** -1.03**
(0.41) (0.41)

Time -0.02
(0.03)

Gender -0.38
(:40)

Chocolate Rating -0.06
(0.15)

Robust Standard Errors are in parentheses. *Significant at 10%. **Significant at 5%. ***Significant at 1%.
Regression is a one-sided Tobit, since some students always chose the immediate reward.

£0.38 less. The treatment increases how much consumers value the future, as measured
by long they are prepared to wait for a reward. A possible explanation for this effect
may be the earlier consumption of glucose in the treatment: other work has suggested
that glucose helps agents resist temptation in contexts like emotional regulation and
thought suppression (Gailliot et al., 2007; Wang and Dvorak, 2010).

The treatment effect observed for consumers on a diet also does not operate through
an effect on executive function: if performance on the Stroop test is included in the orig-
inal Tobit regression, the treatment effect remains significant (p = 0.023). Interestingly,
an OLS regression examining the effect of the treatment on the performance of partici-
pants on the Stroop test shows no effect (p = 0.763). This suggests the treatment has no
effect on executive function. Since the Stroop test is commonly also used as a measure
of willpower (Stroop, 1935), this suggests there is a difference in how the treatment in-
teracts with a consumer’s ability to resist chocolate , one form of willpower, and with

their ability to exercise executive function, another form.

4.3.3 Hot/Cold State Transition Mechanisms

The experimental results thus broadly conform to the model’s prediction that consumers
on a diet who indulged once would consume more in total. In some circumstances, di-
minishing marginal returns is potentially insufficient to describe short-term consump-

tion patterns: instead, consumers can display complementarity in consumption. Though
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the focus of the experiment was to test for the existence of such an effect, we can also go
some way in understanding the mechanism underlying the hot/cold state transition.

Above, I discussed the possibility that hot state behaviour could be explained either
through a change in preferences, or the existence of a fixed cost associated with suc-
cumbing to temptation that temporarily fell when the consumer indulged. A possible
confound would also be if consumers were acquiring information from consumption,
either about their type or how much they like the good.

Bénabou and Tirole (2004) suggest that consumers are unaware of their willpower
type, and learn it by attempting to resist temptation. If they find they are a low willpower
type, then they are more likely to fail to resist temptation the next time, inducing per-
sistence in consumption of a tempting good. In the experiment, however, subjects are
asked to eat the initial chocolate by the experimenter instead of succumbing on their
own. The existence of an exogenous reason to have the chocolate should minimize any
self-reputational effects for the participants, because their initial consumption of choco-
late did not reflect a failure of willpower on their part. The use of a relatively common
consumption good, chocolate, also limits the amount of information subjects are able to
get from trying the chocolate. Indeed, when asked, only seven subjects said they were
unsure as to whether they liked chocolate. A purely informational mechanism is thus
unlikely to fully explain the observed temptation effect.

In contrast, a change in consumers’ preferences or their knowledge of their prefer-
ences could explain the observed hot/cold state transition. If consumers forget how
much they like chocolate, trying a good once could provide a reminder of their true,
chocolate-loving preferences, corresponding to the hot state. Alternatively, consuming
a good might induce a change in preferences directly. From a biological perspective,
this could arise from a physiological effect due to the ingredients of chocolate, which
would then correspond to the hot state. The experiment does not find an effect through
a change in discount rates or executive function, but a change in the taste for chocolate
remains possible. Biological work suggests that a physiological effect should be general
to the human nervous system (Nassera et al., 2011), but consumers who experience a
strong physiological effect from chocolate might be more likely to go on a diet.

The existence of a fixed cost to indulgence would also explain the observed state

transition. When the fixed cost is unpaid, the consumer is in the cold state: once they
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have paid the fixed cost, and the marginal cost of consumption has fallen, they are in
the hot state. In a general setting, these costs could be either material or psychological:
eating candy could require purchasing and opening a candy packet, and might make
the hands of the consumer sticky. In that case, the first piece of chocolate could have
a relatively large cost to indulgence, after which the cost of consumption would fall.
In the experiment, however, these costs are minimized: the chocolate was provided to
consumers and beginning consumption was relatively easy. Some material costs might
still exist, but they appear to be relatively small.

A psychological fixed cost, in contrast, could explain the state transition described in
the theory and is potentially present in the experiment. Indulging in a tempting good
might temporarily sap willpower: having indulged once, it becomes harder to resist
again, corresponding to the hot state. If consumers have psychologically committed to
a personal rule as suggested by Ainslie (1992) (in this case, a diet), then a violation of
that rule would also reduce the cost of further violations. As discussed in section 4.2.1,
however, it is not clear how consumers would commit to such a strategy: they face a
time-consistency problem in which it would be rational to create a new rule each time
a rule was broken.

The experiment thus limits the number of possible explanations for the existence of
a hot state, but does not isolate a single explanation: both the presence of fixed costs
to indulgence and a temporary shift in preferences could explain the hot/cold state
transition observed. The experiment does, however, highlight the existence of such an

effect for some consumers.

4.4 DISCUSSION AND CONCLUSIONS

We consistently observe persistence in macroeconomic patterns of consumption. Short-
term patterns of consumption, however, also present an important factor in consumer
behaviour. The assumption of diminishing marginal returns, though reasonable in many
contexts, may not be sufficient to describe behaviour when indulgence can induce a hot

self with different preferences.
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This paper introduces a formal model of hot and cold selves in consumption. Whether
consumers anticipate their transition between selves, as captured by their sophistication,
is an important predictor of behaviour, and naifs may typically overconsume while so-
phisticated cold selves adopt personal rules to restrict their consumption because they
anticipate the future costs of consuming due to being in the other state. The experimen-
tal work also finds some support for a temptation effect on consumers on diets, even
when consumers sample a good only once, and that sample is imposed on them by an
external force.

For individuals, the results highlight the value of Ainslie-style personal rules as a
welfare-improving strategy. Knowing that they risk entering a hot state if they succumb
to temptation, it is optimal for cold selves to adopt rules limiting indulgence, even
though it would not be for a rational consumer without multiple selves. This sophisti-
cation may not be common among consumers, however: other work has suggested that
the cold self often naively finds it difficult to anticipate the preferences and choices of
the hot self, reducing the appeal of personal rules as a self-control technique (Loewen-
stein, 2005). If, in addition, an exogenous effect of some sort imposes an indulgence
despite the personal rule, or if consumers face such a strong temptation they are unable
to resist it, then after entering the hot state consumers might be vulnerable to binge-like
behaviour, as the hot self increases consumption in order to avoid re-entering a cold
state.

Policymakers can also derive useful lessons. First, interventions to stop early tempta-
tions are an important policy tool. Helping consumers resist an initial temptation can
help them avoid the snowball effect of entry into a hot state, while creating an incentive
system allowing for or encouraging minor transgressions may actually lower welfare if
it induces a hot state. Particularly if such behaviours eventually culminate in a long-run
habit, optimizing conditions to help consumers avoid a hot state is valuable.

Second, the experiment provides some insight into the kinds of policy tools that may
be effective. Behaviours that are imposed by the policymaker can still affect future deci-
sions and even preferences about the future. This means policy interventions may be a
meaningful way of beginning desirable behaviour patterns. By the same token, however,

it means that if the government imposes ‘bad” behaviour on consumers as a temporary
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measure — encouraging overspending as a stimulus plan, for example — such behaviours
may induce a hot state that promotes negative behaviour.

Extending the standard model to incorporate consumption persistence can also help
us understand economic behaviour. Most obviously, we frequently observe marketers
giving away free samples or trial runs of their product. This strategy has the potential
to be an effective one, particularly when the product is something people find tempting
but are attempting to resist purchasing. Such free trials, such as the freemium model of
game distribution which allows a player to begin playing but then requires a payment
for an enhanced version of play, provide consumers with information but may also
induce a hot state that increases their willingness to pay.

Finally, the experiment suggests several lines of further inquiry. In particular, a num-
ber of possible mechanisms for the effect exist, and more work is needed to confirm
which - if any — of these potential channels serves to explain the temptation effect ob-
served in the lab. Field experiments present a promising method to study these ideas
in other contexts and in a more long-run setting. Path dependence can pose a signifi-
cant challenge to consumer behaviour and policy design, and both policymakers and
consumers can benefit from considering it in a sophisticated way as they plan their

behaviour.
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How preferences evolve over time and how policymakers can improve long-term out-
comes represent important areas of research. This paper has aimed to contribute to that
work in several ways.

First, given the popularity of behavioural nudges with policymakers, I take a system-
atic look at the welfare implications of nudges to change behaviour. Though consider-
able work has been done on nudging, much of it focuses on the effectiveness of various
policy tools in changing behaviour, and not on the potential welfare implications. This
paper therefore contributes to the ability of policymakers to decide when nudging is
useful. Though nudges can be a powerful tool when used well, I also find reason for
caution: because nudges can discourage some consumers from optimizing, they can ac-
tually reduce welfare in some circumstances. A well-informed policymaker can avoid
this pitfall, but doing so may require substantial information about consumer prefer-
ences. Policymakers are welcome to continue using nudges as a policy tool, but they
are neither a key for all locks nor are they appropriate without sufficient cost-benefit
analysis to ensure they will increase, and not reduce, welfare.

Second, I look at endogenous preferences. Much of economics assumes stationarity
of preferences: even models that allow for non-stationarity tend to assume preferences
change in a predictable, exogenous fashion. If consumers can affect their preferences by
their behaviour, however, then their incentives may vary. In particular, consumers may
risk being trapped in a negative pattern of behaviour that becomes self-reinforcing, as it
induces preferences that minimize the perceived costs of such behaviour. At an extreme,
consumers may even consume all their resources immediately. This has useful implica-
tions for how policymakers should deal with consumers in long-run harmful patterns of
behaviour, such as obesity, carbon emissions, or low educational achievement, and pol-
icymakers can benefit from attempting to shift consumer’s behaviour between locally
optimal consumption paths to reach the global optimum.

Finally, I consider the possibility of a game between multiple selves through the in-

duction of a short-term hot state of consumption complementarity. Such short-term pat-
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CONCLUSION

terns can describe much behaviour of economic and individual interest, and may also
have implications for behaviour over the long term. Sophisticated consumers have an
incentive to abstain from some goods more than is otherwise optimal in order to avoid
entering a hot state: once in a hot state, the consumer has an incentive to binge beyond
what is otherwise optimal, to avoid returning to the cold state. My experimental work
serves to provide new evidence for such an effect.

This thesis is therefore intended to contribute to the literature in several ways. It fo-
cuses on a relatively understudied area of consumer behaviour, time-inconsistent prefer-
ences, and introduces formal models of several related phenomena in order to develop
testable predictions and ideas that will allow for further study. It also aims to derive
lessons for policymakers, both on how to use current policy tools in an optimal manner
and introducing areas where policy might have the potential to be welfare-improving
by being designed around consumer preferences. Finally, it uses experimental work to
begin the testing process of these theories, and study their implications for behaviour
empirically.

It also suggests a number of lines for further inquiry. The lab presents a valuable place
to test the assumptions that underlie economic models, but all three chapters present
ideas and implications that can also be tested in the field and with data. Other work
has suggested preferences might be affected by external stimuli, such as economic insti-
tutions (Bowles, 1998): understanding how such exogenous effects might interact with
individual optimization presents an interesting area for further research, both theoret-
ically and in the field. One particularly interesting case, for example, would be how
student preferences change with their field of academic study. Other significant life
decisions, such as home-ownership or a change in employment status, might also be
reasonably expected to affect preferences, effects that could be tested for. In addition,
several more theoretical areas remain for further research. In Chapter 3, for example,
the assumption of isoelasticity provides tractability but limits the scope of questions the
model can address: further analysis is needed of how consumers behave when their de-
cisions affect their future preferences, which would allow them to commit their future
selves to types of behaviour and so use the endogeneity of preferences as a form of

internal commitment device.
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CONCLUSION

Economics should not ignore the idea that preferences may change over time and
with stimuli, and the implications this has for behaviour. It also presents, however, a
fundamental challenge to welfare analysis and to making normative recommendations,
because there is no longer one set of preferences by which outcomes can be judged.
In many circumstances, this challenge may be relatively minor, but when confronting
issues of public health, addiction, saving, environmental policy, and other fields that
require long-term planning and judgment, it is frequently fundamental. Better under-

standing of it represents an important and still-emerging field.
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CHOCOLATES

Figure 4: Chocolates

132



EXPERIMENTAL INSTRUCTIONS

<All Subjects assembled in Waiting Room>

Good afternoon everyone! Welcome to the CESS Lab. I'm Nick Chesterley, running
the experiment: feel free to get in touch with me if you have any concerns or questions.
You'll be given a handout at the end with my contact information on it. The experiment
is intended to give us some insight into your behaviour in a number of different contexts.
Please respond to the questions as honestly and thoroughly as possible. Today we’re
doing to do something a bit different; I'm going to take you to the lab one at a time,
and you’ll have a chance to randomly pick a workstation. My apologies for those of you
who have to wait: we’ll be as quick as possible. If you'd like to use your phones while
you wait, that’s fine, though I'll ask you to turn them off later on. If NAME could come
with me, we’ll start.

<Start taking people one by one into side room to pick a workstation>

Please choose a card to determine which workstation you’ll be at. <Choose a card>

Thank you. Now, this experiment will also involve food. Do you have any food aller-
gies? <Wait for answer>

Thank you.

If Treatment Group: Would you please try one of these chocolates, and rate it on a
scale from 1-7? Thank you. Please take the rest of them to your workstation: feel free
to have as many as you’d like. Apologies if you have to wait a few moments before we
finish seating the others. <Subject is given the rest of the case to take to their workstation,
and escorted to their seat>

If Control Group: Please take these chocolates to your workstation: feel free to have
as many as you'd like. Apologies if you have to wait a few moments before we finish
seating the others. <Subject is given the rest of the case to take to their workstation, and
escorted to their seat>

<Once all subjects are at workstations> At this time, I'd ask everyone to switch off
their phones, tablets, etc: the experiment only continues when everyone has completed
the stage they’re at, so please pay attention. Everyone should currently have a grey
screen in front of them, once they move the mouse. If you don't, please raise your hand
now. <Check>

<Start experiment> Everyone should have the first screen of the experiment in front
of them, with an OK button in the bottom right of the screen. If you don’t have that,
please raise your hand now. .. Good. Now, please begin the experiment by clicking the
okay button. <Participants work through experiment> <Participants reach end of Re-
sults Screen> Thank you. You are now looking at the results of your efforts, and the
corresponding payments. If anyone has any questions, please feel free to raise your
hand and I'll come over. <Collect remaining chocolate cups>

We now have a few questions for you to answer: please answer them honestly and
thoroughly. For many of them, there are no right or wrong answers: we are interested
in your ideas. Thank you all for your participation. We will call you by workstation
number to receive your payment.
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