
International Journal of Research in Marketing 37 (2020) 521–543

Contents lists available at ScienceDirect

IJRM
International Journal of Research in Marketing

j ourna l homepage: www.e lsev ie r .com/ locate / i j resmar
Full Length Article
Flying with a net, and without: Preventative devices and
self-control☆
Raghunath Singh Rao a,⁎, Julie Irwin a, Zhuping Liu b

a McCombs School of Business, The University of Texas at Austin, United States of America
b Baruch College, City University of New York (CUNY), United States of America
a r t i c l e i n f o
☆ We are grateful to the seminar participants at Texas
for valuable suggestions and feedback.
⁎ Corresponding author.

E-mail addresses: Raghunath.Rao@McCombs.utexas

https://doi.org/10.1016/j.ijresmar.2020.01.002
0167-8116/© 2020 Elsevier B.V. All rights reserved.
a b s t r a c t
Article history:
First received on December 9, 2018 and was
under review for 6 months
Available online 4 February 2020

Area Editor: Sanjay Jain
Excessive consumption of many vice goods (e.g., alcohol) has both possible immediate (e.g., a
drunk-driving crash) and delayed (e.g., liver disease) negative consequences. This research
models the consumption choices of a consumer population with heterogeneous impatience and
varying degrees of sophistication in conjunction with both immediate and delayed consequences
of excessive vice good consumption. We show that even when a preventative device (e.g., a
designated driver) that could eliminate the immediate dangers is available for (almost) free,
some consumers forgo it in order to try to use the immediate danger as a soft tool to regulate
excessive consumption (e.g., “If I know I don't have a designated driver, then I won't drink too
much.”). Surprisingly, this “flying without a net” is a successful strategy for some consumers,
and we quantify when it is likely to be successful versus harmful. This counterintuitive result
has many consequences; e.g., public policies that make the provision of preventative devices
compulsory could increase consumer welfare under certain conditions but overall are not
Pareto-improving. Likewise, advertising campaigns that exaggerate the likelihood of immediate
dangers may be welfare decreasing despite their good intentions. In exploring the effect of our
model on pricing of preventative device, we find that pricing is not monotonic in the probability
of danger.We also show that consumer pessimism about self-regulation can induce consumers to
experience a “boomerang effect” of overconsumption in the presence of a preventative device.
Overall our research shows that the relationship between prevention and risk is not as simple
as might be assumed in standard analyses and that marketers and public policymakers often
need to consider the short-term and the long-term risks as well how prone the consumers are
to temptation and how sophisticated they are in judging their temptation.
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1. Introduction

Individuals' short-term desires and long-term goals are often in conflict, leading to time-inconsistent behavior. Consumers often
plan to eat healthy food but cannot resist junk food sitting in front of a TV; they sign up for expensive gym memberships only to
ignore the alarm bell in the mornings; they vow to drink wisely after a severe hangover on a Monday, only to repeat their binge
drinking the following weekend. Many of modern society's problems — addictions, crippling debt, unwanted pregnancies, sexually
transmitted diseases, the obesity epidemic, domestic violence — have their origins, at least partly, in individuals' inability to self-
regulate (Baumeister & Vohs, 2003; Thaler & Shefrin, 1981). Thus, it comes as no surprise that the effects of self-control have
attracted increasing attention from academic researchers in domains as diverse as philosophy (Elster, 1979), medicine (Moffitt
et al., 2011), and economics (Gul & Pesendorfer, 2004).

Consumers make attempts at self-regulation through a variety of personal means, such as goals and promises made to
themselves or others or via self-signaling through virtuous behavior (Carrillo & Dewatripont, 2008; Jain, 2009; Schaefer,
Rao, & Mahajan, 2018). Some of this help also takes the form of market goods, such as smaller but expensive packages of
unhealthy snacks that help consumers regulate their caloric intake (Jain, 2012; Wertenbroch, 1998) and low-return but
illiquid assets that help people to save more (Laibson, 1997). However, for these commitments to work as intended,
consumers need to have a good forecast of their future behavior, or else they might end up either forgoing the commitment
made or expend resources on more commitment than needed (Heidhues & Kőszegi, 2009; Brocas, Carrillo, & Dewatripont,
2004a).

Self-control issues typically arise when there is a delay between pleasure (i.e., benefits) and consequences (i.e., costs), or vice-
versa. Because their immediate desires and long-term goals are often in conflict, people commonly over-consume leisure goods
that provide immediate benefits and delayed costs. In the present study, we consider a special category of leisure goods often
referred to as “vice goods,” wherein excessive consumption not only carries delayed costs but also often comes with potentially
large immediate costs along with immediate gratification (Loewenstein, 1996). For example, for many people, alcohol is pleasurable
in the short term and thus provides an immediate benefit, but excessive and regular consumption of alcohol carries health risks to
the liver, brain, and heart over a longer horizon with potentially hazardous consequences (a delayed cost). Additionally, a night of
heavy drinking in a bar could also result in a catastrophic road accident (an immediate cost). Many other behaviors fall into this
“immediate gratification/immediate cost and delayed costs” category, such as narcotic drugs, fast driving, and casual sexual
encounters. To the best of our knowledge, previous work has not simultaneously modeled both the immediate and the delayed
consequences of the consumption of vice goods.

Furthermore, much of the existing literature in the self-control domain (e.g., O'Donoghue & Rabin, 1999) has considered
consumers who are either unable to forecast overconsumption (“naïve”) or are knowledgeable about their tendency to
overindulge (“sophisticated”). Naive consumers mistakenly believe that they have no self-control problems (Akerlof, 1991;
Phelps & Pollak, 1968) whereas sophisticated consumers can accurately forecast that their future immediate gratification
desires would wreak havoc with their best laid out long-term plans (Jain, 2012; Laibson, 1997). Note that naïve consumers
perceive commitments to be useless because they believe they do not need them while sophisticated consumers will buy the
most appropriate commitment devices, if available, to prevent overconsumption (DellaVigna & Malmendier, 2004). Although
these extreme cases provide useful benchmarks, it is reasonable to assume that most people fall somewhere in the middle of
the two extremes. Thus, in our model, we consider both consumers' heterogeneity in impatience as well as their awareness
about it.

When a (relatively sophisticated) consumer is planning for the future consumption of a vice good, she might want to moderate
her consumption to avoid both immediate and delayed costs. At the same time, during planning, she might forecast that when the
moment of consumption arrives, she will be tempted to consume more. We include the possibility of the availability of a
preventative device (henceforth referred to as a PD) that could take the immediate cost of excessive consumption off the table.
For example, a condom acts as a PD as it can eliminate the immediate cost of contracting a sexually transmitted disease. Similarly,
a designated driver could eliminate the danger of a drunk driving crash. From a normative perspective, if a PD is available at no
cost, then its provision for an agent is almost always welfare enhancing.

On the other hand, when consumers suffer from present bias, from a planning perspective, the immediate cost of
excessive immediate gratification might act as a natural barrier that could deter them from excessive consumption, much
as a tightrope walker might be extra careful if there were no net below to catch him. To provide another example, an
individual planning to engage in moderate consumption of alcohol at an upcoming party might refuse to use an external
PD such as a designated driver that would eliminate the danger of drunk driving. He is forecasting that he might be tempted
to drink heavily at the party, but if he does not have a designated driver with him, then the fear that drunk driving might
result in a catastrophic accident could deter him from excessive drinking. Similarly, someone might decide not to carry a
condom to a party if she believes that the fear of contracting STDs or getting pregnant is strong enough to deter her from
engaging in casual sex.1
1 Thepreventative deviceswe focus upon are different from the commitment devices that have received some attention in the self-control literature (e.g., Carrillo and
Dewatripont 2004). We refer to a device as preventative if it prevents the immediate dangers of excessive consumption of vice goods (e.g., a designated driver) even if
the excessive consumption does occur. Commitment devices instead help in moderating the consumption of vice goods (e.g., small packages of unhealthy snacks to
prevent overeating). Put metaphorically, PDs are like nets under the tightrope and commitment devices aremechanisms to prevent getting on the tightrope in the first
place. This distinction is important and we discuss this in the discussion section.
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1.1. Related papers

We confine our discussion to a couple of studies that are closest in spirit to ours. In a recent work, Kaur, Kremer, and
Mullainathan (2015) asked workers to self-select themselves into one of the two contracts (among other treatments): a
“control” contract that paid an incentive wage rate of “b” for every unit of production and a “treatment” contract that paid a
wage rate of “b/2” till a target production level and a wage rate of “b” per unit after hitting the target. In a rational world, the
latter contract is dominated by the former and hence should never be chosen. But a significant number of workers picked the
dominated contracts resulting in an improvement in the productivity among many of these workers. In the language of our
paper, the workers picking up the dominated contract willingly put themselves in a “danger” (low wage) to self-regulate and
avoid shirking. Jain and Li (2018) is the work frommarketing that is closest in spirit to our paper. They study pricing and quality
decisions for a firm selling a vice good and find that sometimes a firm can profit from lower quality (higher unhealthiness) and
higher prices that allow some consumers to exercise self-control. This idea shares similarity with one of our findings that
consumers might willingly put themselves in danger to self-regulate, which is akin to Jain and Li's increased attractiveness of
a poorer quality product. However, there are many significant differences between our setup and theirs. Our focus in this
paper is not just on self-control problems but also on our proposal that people's lack of perfect awareness of self-control
could result in additional problems concerning PDs. For example, in our context picking an inferior product (metaphorically,
forgoing the PD) could also fail and decrease consumer welfare. In addition to modeling differences, we focus primarily upon
public policy implications, such as the use of Public Service Announcements (PSAs) and compulsory provision of PDs.2

1.2. Contributions of this study

Policymakers seem to understand that people often fail to self-regulate their consumption of vice goods and thus, it is
understandably popular to advocate the use of PDs to save people from the potential devastating immediate consequences of
their lack of control. Our analysis uncovers that the efficacy of consumers' use of PDs is more nuanced and is affected by
consumers' self-control as well as their sophistication about this self-control. Our novel model incorporates both the immediate
and the delayed consequences of vice goods and captures the heterogeneity in impatience as well as consumers' sophistication
about self-control. Without this new framework, results such as consumers' willful forgoing of a free PD seems patently non-
normative. Furthermore, our model allows us to analyze the effects of policies relevant to vice goods and PDs, including those
highlighting immediate dangers (e.g., PSAs about the dangers posed by the consumption of vice goods), and the policies that
exaggerate the probability of such dangers (e.g., advertising showing deaths from a drug overdose). We show that in contrast
with conventional wisdom, these policies always come at the cost of the reduction in the welfare of a subset of consumers.3

We also study the pricing policy of a monopolist seller of a PD and show that its price is non-monotonic in the probability of
danger. Finally, our model analysis can speak to intrapersonal strategies like strategic pessimism that seek to overcome the self-
regulation problems arising from overconfidence.

We organize the rest of the article as follows: In Section 2, we describe the baseline model followed by main analysis and
results in Section 3 and present three extensions of our model in Section 4. We conclude with the discussion and implications
of our findings in Section 5.

2. Base model

Consider a consumer population (who are considering a vice good consumption) who discount time by 0 ≤ δ ≤ 1. The
consumers face self-control issues and, as is standard, we denote their short-run discounting parameter (impatience) by β with
0 ≤ β ≤ 1. We employ the widely used quasi-hyperbolic discounting approach (Thaler & Shefrin, 1981) to model consumers,
which has been used in a wide variety of contexts such as consumption-saving decisions (Ashraf, Karlan, & Yin, 2006), DVD
viewing patterns (Milkman, Rogers, & Bazerman, 2009) and mail-in rebates (Gilpatric, 2009). Consistent with the overconfidence
literature, we assume that consumers are often unable to forecast their present bias: the parameter β̂ represents consumers' belief
about their impatience with β≤ β̂≤1. Hence, ðβ̂−β) represents consumers' overconfidence in their self-regulation, and each
consumer is represented by a unique coordinate (β̂;βÞ. At any time t, the NPV for a stream of utilities (with per-period utility
denoted by ut) is given by (DellaVigna, 2009; Laibson, 1997):
2 Oth
3 In a

induced
Ut ¼ ut þ βδutþ1 þ βδ2utþ2 þ βδ3utþ3 þ… ð1aÞ
Here, β b 1 represents the self-control parameter. The discounting between any two subsequent periods in the future (from t's
perspective) is denoted by δ and the discounting between the present and the next period is sharper at βδ. The lower the value of
β, the more severe is the “present bias.” Although Eq. (1a) determines the consumer's choices if he were to pick them at time t, at
each period after t, he will again suffer from the same present-bias that plagues him at time t. Consumers might have some
er technical differences with Jain and Li (2018) are highlighted at appropriate places within the text.
simple extension, we also show that allowing for price of the vice good to be endogenously determined does not lead to market overcoming the efficiencies
by people's self-regulation problems- in fact, they might be exacerbated in some instances.



Table 1
Model notations.

Symbol Description

δ Long-run (exponential) discount factor
β Short-run discount factor

β̂ Perceived short-run discount facto

UH Utility from excessive consumption
UL Utility from moderate consumption
ΔU Degree of temptation (UH − UL)
p Probability of short-term danger
p̂ Perceived probability of short-term danger
I Cost of short-run danger
T Cost of obtaining preventative device
CH Delayed long-term cost of vice consumption

ĈH Perceived long-term cost

e Externality imposed due to excessive consumption (without a PD)
τ PD adoption rate under enforcement
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awareness about this “future” present-bias, which for any s ≥ 1 at time t is modeled as (O'Donoghue & Rabin, 1999):
4 The
5 In g

term ha
complex
short-te
much la
Ûtþs ¼ utþs þ β̂δutþsþ1 þ β̂δ2utþsþ2 þ β̂δ3utþsþ3 þ… ð1bÞ
As we noted before, β̂≥β. A consumer could be sophisticated about her future self-control (β̂ ¼ β), perfectly naïve (β̂ ¼ 1Þ, or
partially naïve (1Nβ̂Nβ) about her self-regulation.

To focus upon the self-control issues (e.g., as in Carrillo & Dewatripont, 2008; Jain & Li, 2018), we assume δ to be the same
across all consumers and normalize it to 1. To specialize the model to our context, we embed several features. To capture
heterogeneity in consumers' actual short-run discounting (β) and their predicted short-term discounting (β̂), we represent the
population by the upper triangle in Fig. 2. The consumers along the diagonal have β ¼ β̂, and are perfectly sophisticated in their
forecast of impatience, whereas the consumers on the upper horizontal line with (β b 1, β̂ ¼ 1) are perfectly naïve and mistakenly
believe that they have no self-control problems. The rest of the consumers inside the triangle are partially naïve (or partially
sophisticated) —that is, imperfectly aware of their time inconsistency. Furthermore, we add immediate costs that accompany the
consumption of vice goods in addition to the delayed cost in the standard model. Table 1 provides a summary of the notations
used in the model.

2.1. Benchmark: no preventative device (PD) available

We consider a three-period model in which the period 0 consists of planning when the consumer is anticipating her
consumption, period 1 consists of consumption, and period 2 consist of the realization of the delayed costs. As a benchmark,
initially, we assume no PD is available. Consumers' decision process is illustrated in Fig. 1.

A consumer gets an instantaneous utility of UH from excessive consumption and UL from moderate consumption4 with, UH N UL:
that is, absent any costs, high consumption is always preferred to moderate consumption. Denote UH − UL ≡ ΔU which represents
the strength of temptation facing consumers. A person who consumes high could potentially suffer from an immediate danger I
with probability p. Also, she suffers from a delayed cost of CH. We normalize both the short-term and long-term costs of moderate
consumption to be zero.5 Furthermore, we assume that ΔU − pI N 0, which means that just the short-term danger in itself will not
deter a consumer from overconsumption (but long-term harm could- see below)

In period 0, the utility of high and moderate consumption in period 1 is given respectively by (using Eq. (1a)):
U0 Hð Þ ¼ β UH−pIð Þ−βCH and;U0 Lð Þ ¼ βUL ð2Þ
Before proceeding further, it is useful to consider the formulation of excessive consumption and the associated short-term
harm in the model. Since the high consumption of the vice good results in a utility of UH − pI, and furthermore the short-term
harm is additively separable; one could potentially argue that “pI” could just be part of the quality formulation. However, there
are important subtle differences between that modeling choice and the one we made here. First, short-term harm arises as a
consequence of the high consumption of the vice-good, and as such is distinct from the quality of the product. As an example,
the quality of an alcoholic drink is its taste and the associated enjoyment while the probability of a blackout or getting into an
utilities are assumed to be net of the prices paid for the respective consumption choices. We relax this later.
eneral, there is a temporal distance between consumption and short-term harm and further temporal distance between (potential) short-term harm and long-
rm.While in principle one could create amodel that temporally separates consumption and (potential) short-term harm, this additionwould create substantial
ity to the model (with four-periods) that, for this project, we do not feel is worth the added explication given our overall set-up. Our basic assumption is that
rm injury is very close to the consumption (i.e., the accident or drug overdose could happen the evening of drinking)while the long-term damage is potentially
ter in the future (i.e., liver cancer or mental health issues would appear months or years later). We thank AE for bringing this to our attention.



Fig. 1. Timing with no preventative device.
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accident is short-term harm. The former is product specific while the latter is more situational. Second, an individual can
potentially avoid short-term harm if they use a preventative device – in that sense, this feature makes it distinct from the quality.
This distinction suggests a role for policy- the main focus of our paper. In other words, in our set-up a policymaker can design
interventions that could potentially affect only the short-term dangers without affecting the associated quality.6

To focus on the interesting cases wherein the consumers' different (i.e., time-inconsistent) selves might conflict, we assume
that:
6 The
the easy

7 Our
that has
for prev

8 We
ΔUbCH→U0 Hð ÞbU0 Lð Þ: ð3Þ
Hence, from the perspective of consumers at t = 0, the excessive consumption is not worth the delayed costs that it
brings.7 But a consumer at time t = 0 knows that, even though he would like to moderate his consumption when t = 1
arrives, he might be tempted to consume in excess. Thus, he believes that his future consumption decision will be based
on the following (using Eq. (1b)), and he will consume low if: UH−pI−β̂CHbUL⇔UH−pI−ULbβ̂CH , else he will consume
high. So, for a consumer with a perceived discount factor β̂, his future (perceived) consumption in period 1 would be to

consume high, if β̂≤
ΔU−pI

CH
and to consume low, if β̂N

ΔU−pI
CH

. The actual consumption in period 1 will be driven by the

true β (see Eq. (1a)). So in period 1, he will consume high if β≤
ΔU−pI

CH
; and he will consume low if βN

ΔU−pI
CH

. Thus, the

consumer population can be categorized into three distinct combinations of prediction and consumption (see Fig. 2):

I. Inaccurate Hedonists (IH): βCH ≤UH−pI−ULbβ̂CH ⇔
β≤

ΔU−pI
CH

β̂N
ΔU−pI

CH

8>><
>>: . These consumers predict to consume low but consume

high.
II. Accurate Hedonists ðAHÞ : UH−pI−ULNβ̂CH ⇔ β̂≤
ΔU−pI

CH
and β≤ β̂. These consumers predict to consume high and consume

high.
III. Accurate Ascetics (AA) : UH − pI − UL b βCH ⇔ βN

ΔU−pI
CH

and β̂Nβ: These consumers predict to consume low and consume
low.

IH consumers believe that their short-term and long-term behaviors are in harmony, but these behaviors are, in fact, in conflict.
This conflict results in time-inconsistent behavior wherein these consumers expect to consume in moderation but end up
consuming excessively. AH's short-term and long-term behaviors are in disharmony, but they have a better awareness of this
disharmony. Finally, AA consumers predict they will consume low and in fact, do consume low. Note that within all these
segments, there is considerable heterogeneity in terms of both actual self-control and beliefs about self-control.

2.2. Preventative device (PD) available

We now assume that a PD is available at a vanishingly small cost (i.e., it is available at positive but close to zero price, denoted
by T).8 Fig. 3 shows a consumer's decision process when she “buys” a PD in period 0 (at cost T ≈ 0), and removes her short-term
danger associated with excessive consumption in period 1. Note that in period 1, a consumer expects to consume high with PD if

β̂b
ΔU
CH

, whereas without a PD, she expects to consume high if β̂b
ΔU−pI

CH
. On the other hand, a consumer's actual consumption
probability of short-termdanger p, and theharm this danger brings (I) could be combined into a single short-term loss (L). However,we keep these separate for
interpretation in term of p.
assumption ofΔU N pI and ΔU b CH implies that there is a “conflict” between the “short-term self” against the “long-term self”: This is the fundamental tension
been highlighted in the self-regulation literature. Also ifΔU b p*I, then everybody in the populationwill havemoderate consumption, and therewill be no need
entative (commitment) devices.
later relax this assumption and analyze the endogenous price of the device.

Image of Fig. 1


Fig. 2. Predicted and actual consumption with no preventative device.
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with PD is high if βb
ΔU
CH

and her actual consumption without a PD is high ifβb
ΔU−pI

CH
. When consumers are highly overconfident

(a large ðβ̂−βÞÞ, then expectations and actual behavior will diverge. Consumers' ex-ante predictions and ex-post-outcomes in the
presence of a PD can be put into one of six regions. These regions are shown in Fig. 4 and described below.
2.3. Low self-control: regions 1, 2 & 3

2.3.1. Region 1 (R1): β̂N
ΔU
CH

, βb
ΔU−pI

CH

These consumers are IHs with varying levels of overconfidence. Without a PD, a consumer's ex-ante prediction is moderate
consumption that results in utility: U0(L) = βUL. Her actual ex-post-consumption is high with utility: U0

0ðHÞ ¼ βðUH−pIÞ−βCH

. On the other hand, with a PD, her ex-ante prediction is moderate consumption with utility U0(L) = βUL − T, while her actual
ex-post-consumption is high with utility U0

0ðHÞ ¼ βUH−βCH−T . A comparison of the above calculations shows that, even if a
PD is available at a vanishingly small (but positive) T, consumers in R1 will choose not to use the PD because of high
overconfidence (a large ðβ̂−βÞÞ. Note that because T ≈ 0, β(UH − pI) − βCH b βUH − βCH − T, these consumers would have
been ex-post-strictly better off using the PD that they eschew.9 To use our earlier example of drunk driving, these consumers
feel confident that they will drink moderately and thus feel that they do not need a designated driver; however, they end up
drinking heavily and putting themselves in harm's way. They would have benefited from a net, but they choose not to have
one, and they fall into harm. Consumers' ex-ante predicted consumptions with and without the use of PD, and whether they
decide to use a PD, can similarly be derived for the other regions. These derivations are presented in Table 2. We briefly discuss
these below.
2.3.2. Region 2 (R2):
ΔU−pI

CH
bβ̂b

ΔU
CH

, 0bβb
ΔU−pI

CH

These consumers are also IHs but with lower overconfidence than the ones in R1. A comparison of predicted outcomes with
and without a PD in Table 2 shows that no PD will be used if TNβ̂ðΔU−CHÞ. This condition always holds because RHS is negative
as per Eq. (3), whereas LHS is positive; thus, IH consumers in R2 also end up not using a PD. As with R1 consumers, the consumers
in this region end up consuming high when they would have been strictly better off using a PD since it is available at T ≈ 0. Note
that, like consumers in R1, consumers in R2 also have a low level of self-control but a moderate level of overconfidence.
Specifically, consumers in R1 do not use a PD because they feel that they do not need it, whereas R2 consumers do not use PD
because they perceive that, if they use a PD, they will not have enough discipline to consume in moderation because of the removal
of the short-term danger. In other words, they try to use short-term danger as a regulation device. To return to our alcohol
overconsumption example, these consumers feel they will moderate their drinking when they do not have a designated driver.
The eschewing of the PD acts as a commitment device for them, but this decision fails them. Metaphorically, these consumers
would have been helped by a net, but they do not use one, to help them self-regulate. They end up falling with no net to catch
them.
9 Please note that a consumer's prediction is based on β̂ while the consumption is based on β.

Image of Fig. 2


Fig. 3. Timing with a preventative device.
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2.3.3. Region 3 (R3): βbβ̂b
ΔU−pI

CH
, 0bβb

ΔU−pI
CH

The consumers in this region are AHs who are sophisticated about their fallibility. A comparison of predicted outcomes with
and without a PD in Table 2 shows that they will use a PD. R3 consumers are highly impatient, but they also have an awareness
of their impatience (low ðβ̂−βÞÞ, so they end up using a PD, and they are better off for having used the PD. In the example of
drunk driving, R3 consumers know that they will be drinking heavily and are wise enough to take a designated driver with
them. In other words, AH consumers in R3 carry a net and even though they fall and are saved by the net.

2.4. Moderate self-control (regions 4 & 5)

2.4.1. Region 4 (R4):
ΔU
CH

bβ̂,
ΔU−pI

CH
bβb

ΔU
CH

These consumers are sophisticated, with a moderate discrepancy between their desired and actual behavior and fall into the
earlier identified category of AAs. Comparing predicted outcomes with and without a PD in Table 2, it is clear R4 consumers will
not use a PD. Consumers in R4 think that they have a high ability to self-regulate (high β̂Þ, although they have a moderate level of
actual self-control (moderate β). These consumers have a moderate level of discrepancy between their perceived and true selves
((a moderate ðβ̂−βÞÞ and they end up with moderate consumption and are better off not using a PD. Interestingly, the reason
these consumers eschew a PD is because they want to save on the (minuscule) PD cost of T. But there is a twist in their outcome:
these consumers' eschewing of a PD results not just in savings of T, but also in moderation of their consumption. In the driving example,
the consumers do not want the (small) hassle of finding a designated driver because they feel that they will be moderate in their
drinking; however, they end up being moderate in drinking because they do not have a driver with them. They are regulated in the
way that R2 hoped to be by the looking short-term danger. In terms of our earlier terminology, these AAs do not pay for a net because
they feel that they do not need it, and they end up not falling because of the danger associated with the absence of net.

2.4.2. Region 5 (R5): βbβ̂b
ΔU
CH

,
ΔU−pI

CH
bβb

ΔU
CH

These consumers are also AAs but with somewhat higher sophistication compared to R4 consumers. R5 consumers also would
not use a PD. These consumers have moderate self-control problems and also have a moderate level of perceived self-control and
Fig. 4. Segments with a preventative device.
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Table 2
Consumer decision making with and without a preventative device.

Region No PD available PD available Decision

Prediction Actual Prediction Actual

R1 U0(L) = βUL U0
0ðHÞ ¼ βðUH−pIÞ−βCH U0(L) = βUL − T U0

0ðHÞ ¼ βUH−βCH−T No PD
R2 U0(L) = βUL U0

0ðHÞ ¼ βðUH−pIÞ−βCH U0(H) = βUH − βCH − T U′0(H) = βUH − βCH − T No PD
R3 U0(H) = β(UH − pI) − βCH U0

0ðHÞ ¼ βðUH−pIÞ−βCH U0(H) = βUH − βCH − T U0
0ðHÞ ¼ βUH−βCH−T Use PD

R4 U0(L) = βUL U0
0ðLÞ ¼ βUL U0(L) = βUL − T U0

0ðHÞ ¼ βUH−βCH−T No PD
R5 U0(L) = βUL U0

0ðLÞ ¼ βUL U0(H) = βUH − βCH − T U0
0ðHÞ ¼ βUH−βCH−T No PD

R6 U0(L) = βUL U0
0ðLÞ ¼ βUL U0(L) = βUL − T Uo

0ðLÞ ¼ βUL−T No PD

Note: The regions are defined in Section 2.2 in the paper. Note that a consumer arrives at the predicted behavior using β̂: her perceived self-control parameter. The

utility expression involves β- the actual self-control parameter. For example, a consumer in R1 predicts low consumption because ULNUH−pI−β̂CH while they end
up consuming high because UL b UH − pI − βCH.
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thus a low level of overconfidence (a low ðβ̂−βÞÞ and these consumers correctly follow using “no PD” as a strategy to avoid
overconsumption. Also, comparing with R2 (who are IHs), although both these sets of consumers have similar levels of perceived
self-control, R5 consumers end up with moderate consumption because they also have a moderate level of actual self-control. In
our driving example, these consumers are aware that they would be tempted to drink heavily if they had a designated driver;
hence, they go to the party without one. In this case, the strategic use of eschewing a PD counterintuitively leads to self-
regulation, making R5 consumers better off. These consumers fly without a net because they realize that having a net would
lead them to fall, and they are right.
2.5. High self-control (region 6)

2.5.1. Region 6 (R6):
ΔU
CH

bβbβ̂b1

These consumers do not have self-control problems and thus are the most accurate as well as most self-regulated among AAs. R6
consumers correctly perceive a high level of self-control (a very low ðβ̂−βÞÞ . They end up eschewing a PD and consumer in
moderation. These consumers do not fall whether there is a net or not, and since a net has a small cost, they are correct to eschew it.

To summarize, our model allows us to make numerous predictions about consumer adoption of, and need of, a PD that go far
beyond just whether people will use one or not. We wish to point out that the rich behavior exhibited by consumers in our model
stems from the heterogeneity in both the self-control and perception of self-control parameters. Again, this is an important
contribution of our model (and a departure from classic models and previous research such as Jain and Li (2018)10). Specifically,
we show: (1) Sophisticated AHs use a PD if they have a high impatience (R3) while most patient AAs avoid its use since they do
not need it (R6); (2) Naïve IHs avoid a PD and end up potentially hurting themselves (R1 and R2). (3) Lastly, we showed that
sometimes, “flying without a net” has a positive outcome. In fact, not using the PD acts as a tool for moderating these consumers'
consumption, either strategically (R5), or accidentally (R4). Table 3 summarizes this discussion.
3. Analysis and results

In this section, we use our framework and results to examine the welfare implications of public policies and marketing
interventions often used in the context of vice good consumption. Specifically, we examine the effectiveness of (1) uniform
enforcement of the use of a PD, and (2) raising the perceived probability of the short-term danger of the consumption of vice
goods. Also, there has recently been a surge in the interest in market-based solutions to individuals' self-control problems
(Brocas, Carrillo, & Dewatripont, 2004b) and in that tradition, we also examine the case in which a monopolist seller supplies a
PD, and we characterize the optimal pricing of the provision of such a PD. While performing welfare analyses, we also account
for the fact that the short-term effects of excessive vice consumption also have significant negative externalities in addition to
the short-term danger. For example, drunk driving carries an external cost to society as others could get physically hurt or have
their property damaged. Because policymakers might focus either on externalities like additional drunk driving accidents or
violence emanating from drug use or on consumer welfare, or both, our welfare calculations account for both consumer welfare
as well as the effect on others via an externality.11
10 If people had self-control problems but were sophisticated about it (meaning, β ¼ β̂) then in Fig. 4, we would only have two segments (with all the consumers
massed on the diagonal line) with correct anticipations (“Predict High/Consume High” or “Predict Low/Consume Low”). This lack of overconfidence would lead to
consumers always correctly using or not using a PD, a result that does well reflect the empirical reality of people often being mistaken about their self-regulation.
11 Gruber and Kőszegi (2004) report that estimated externality the cost of a pack of cigarettes based on prior empirical work to be around 40 cents per pack (pp. 1961).
Their calibrations of a β/δ model using the Consumer Expenditure Survey reveals that a pack of cigarette costs about $35.64 in terms of loss of life expectancy. In other
words, their estimate of costs of “internalities” is about 100 timesmore than the cost of externalities. Going beyond these numbers, we feel that it is important to consider
both the externalities as well as consumer welfare (“internalities”) to analyze the trade-offs among different policies. We are grateful to an anonymous reviewer for
bringing forth this point.



Table 3
Summary of consumer decisions and intuitive reasoning.

Segment PD? Why? Result?

R1: IH No Don't realize they need it Fall with no net
R2. IH No Trying to increase risk (and thus self-control) Fall with no net
R3. AH Yes Realize they need it Fall with a net
R4. AA No Cost of PD Do not fall (because no net)
R5. AA No Incentive of having no net not to fall Do not fall (because no net)
R6. AA No Not tempted Do not fall whether there is a net or not
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3.1. Policy Intervention 1 - uniform enforcement of preventative devices

Policymakers often advocate the uniform enforcement of PDs to remove the immediate dangers facing individuals consuming
vice goods. For example, there have been extensive campaigns promoting carrying condoms during nights out (BBC News, 2006;
Telegraph, 2009), legislative attempts at making it compulsory for large event organizers to provide designated drivers for
participants (May 11, Las Vegas Sun, 2003), and initiatives to hand out fresh needles for use with illegal drugs (January 17,
Baltimore Sun, 2014). Using our framework, we can analyze the welfare impact of a policy that makes it compulsory to the
consumers of vice goods to use PDs.

Fig. 5 illustrates the resulting consumer behavior when the use of a PD is made compulsory. In the base model, the subset of
consumers who do not voluntarily adopt a PD (R1, R2, and R4, R5, R6) are now forced to adopt it. In reality, even when a policy
provision makes something compulsory, compliance is likely to be imperfect, so our model also includes a parameter τ that
represents the probability of adoption by segments which are forced to adopt as a consequence of policy. Thus (1 − τ) represents
the non-compliance under the policy. As before, we assume that PD is made available without any cost (i.e., T ≈ 0). Note that
consumers in regions R3 and R6 do not see any change in welfare (the former segment adopts PD under both the regimes
while the latter consume in moderation whether they have a PD or not). Therefore, the uniform enforcement affects regions R1
& R2 and R4 & R5 (compare Figs. 4 and 5). Specifically, in R1 & R2 the policy now prevents mistaken rejection of PDs and thus
makes the consumers who comply better off, as the policy was aiming to do. On the other hand, in R4 & R5, wherein consumers
were able to moderate their consumption by using the immediate danger as a tool to moderate excessive consumption, a policy
compliance results in over-consumption because of the removal of the short-term danger via the PD and hence counterintuitively
makes them worse off than they would be without the compulsory PD.

The overall welfare effect of making the PD compulsory thus depends on the size of the relative welfare of the change in the
“winning” segments (R1 & R2) versus the “losing” segments (R4 & R5) under a uniform provision of PDs. To quantify this effect, for
the rest of the paper, we assume the consumer population to be uniformly dispersed in the upper triangle as in Fig. 2. More formally,

the joint distribution of β and β̂ is uniform and the joint density function is: f
ββ̂ ¼ 1 if 0bβbβ̂

0 otherwise

�
, and

R 1
0

R β̂
0 f

ββ̂dβdβ̂ ¼ 1
2
:

There are two additional layers to this welfare analysis. First, it is important to note that welfare analysis for time-inconsistent
agents has included a discussion of which type of welfare is more relevant. If an individual is modeled as having “multiple-selves,”
then a natural question arises from a social marketing or policy perspective: which self's welfare is paramount (Bernheim &
Rangel, 2009; Camerer, Issacharoff, Loewenstein, O'Donoghue, & Rabin, 2003)? In our terminology, is the t = 0 (long-term), or
Fig. 5. Predicted and actual consumption with uniform enforcement of PD.

Image of Fig. 5


Fig. 6. Welfare change by expected short-term danger (pl) and externality level.
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t = 1 (short-term) utility the correct one to focus on for social marketing and social welfare purposes? By far the most widely
used criterion is to consider the welfare of the long-term perspective of an agent (O'Donoghue & Rabin, 2000), under the
reasonable assumption that the forward-looking agent unswayed by temptations has a better perspective and is driven less by
short-term visceral responses. This approach thus requires the construction of welfare measures from the long-term outlook of
the agent- an approach that we use below as we fully analyze welfare under a compulsory PD. Second, as mentioned, when
conducting a policy evaluation in addition to a policy's effect on the consumer, we need to account for the externalities associated
with excessive consumption absent PD. For example, a drunk driver on the road not only puts himself in danger but also puts the
lives of other drivers and pedestrians in danger as well. Let e ≥ 0 denote the expected externality cost incurred upon the society by
a consumer putting himself into danger. When the uniform enforcement policy is not in place, the externalities originate from R1

and R2 and are denoted by: ENE ¼ e
ΔU−pI

CH
ð1−ΔU−pI

CH
Þ. When the policy is in place, the externality costs emanate from segments

R1, R2 (those who do not comply). Note that when a compulsory PD is in place, no externalities are emanating from segments R4
and R5, whether they comply or not. Those who do not comply moderate their consumption, so there are no long-term or short-
term costs and no externalities. Those who do comply, consume in excess, so there are long-term costs, but since they comply
(voluntarily) with the PD, there are no short-term costs and hence no externalities associated with them. For a compliance rate

of τ, the total negative externalities under the enforcement policy are: EUE ¼ e½ð1−τÞΔU−pI
CH

ð1−ΔU−pI
CH

Þ�.
To summarize, the compulsory provision of PD results in the following welfare changes: (1) R1 & R2: Compliant consumers

among these consumers end up removing short-term danger via PD provision (positive effect), (2) R4 & R5: Compliant consumers
among these consumers end up consuming in excess and incurring long-term costs (negative effect). Our focus welfare analysis
focuses upon the overall change in the welfare as a consequence of the policy, and the algebraic expression for this net effect is
presented as ΔW in the Technical appendix (under the proof of Prop. 1). When ΔW is positive, the policy in beneficial while it
is welfare-reducing otherwise. An analysis of the algebraic expression of ΔW can be used to derive Proposition 1.12

Proposition 1. Under the compulsory provision of a preventative device, there always exists a p∗, such that overall welfare is
lower when p ≥ p∗ and higher when p b p∗ (relative to voluntary adoption of a preventative device).

The above results suggest that overall welfare could increase under the compulsory provision of PDs. Still, the gains obtained by
a subset of consumers would always come at the cost of others. In other words, the enforcement of PDs is not welfare improving
for everyone. It is important to point out that policymakers are likely to be especially prone to enforce compulsory PD's when the
short-term danger is high, such as on campuses where excess drinking is prevalent. However, our model shows that the overall
welfare improvement is least likely when the risk of short-term danger is high. We discuss this intuition below.

When the probability of short-term danger is low, fewer people will use the danger as a credible deterrent to self-regulate.
Consumers who are more likely to eschew a PD (under the low probability of danger) to self-regulate are likely to be the ones
who are most (incorrectly) overconfident, and these people (R1 and R2) will be precisely the ones to benefit the most from
the compulsory provision of a PD. On the other hand, when the probability of the danger is high, many consumers- overconfident
(R1 and R2) and relatively sophisticated (R3 and R4) avoid a PD to self-regulate. The former types are avoiding the PD mistakenly
while the latter types are avoiding it correctly, and the fraction of correct users (relatively) increases as the danger becomes more
12 To keep our analysis tractable, we focus on the probability of short-term danger while fixing other variables, whenever possible. The qualitative results from our
model should hold in general, though. Also note that P1 is a statement of sign ofwelfare change as a result of policy and not about the monotonicity, that is d(ΔW)/dp.

Image of Fig. 6
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likely. Under these conditions, compulsory provision is going to be hurtful on average as it is likely to push more such consumers
into overconsumption (see Fig. 5). Hence we obtain the counterintuitive outcome that at the high levels of the danger, the overall
welfare effect of the policy is likely to be negative. Also, note that the consumers with high sophistication are unaffected by the
compulsory provision of the PD: the least patient among the sophisticated would overconsume (R3) and would have purchased
PD anyway; while the most patient (R6) will consume in moderation whether they have a PD or not.

A corollary of P1 is that at the lower levels of risks, PD enforcement is welfare improving, and the greater the welfare
improvement, the greater the level of externality (e). On the other hand, in the zone of higher risk where PD enforcement is welfare
decreasing, the sharper is thewelfare reduction, the higher the level of negative externality (see Fig. 6). In otherwords, enforcement is
really effectivewhen the short-term danger is low-to-moderate, and the externality is high. On the other hand, quite counterintuitively,
the implementation of a PDwould be of little usewhen both the short-term threat and the externality are high. The latter conditions are
precisely the conditions often advocated for the provision of PDs. Another surprising implication is that welfare change is non-
monotonic in the compliance rate: compliance rate and degree of danger do not have straightforward effects on the success of this
policy. Specifically, when the probability of danger is relatively low (high), the provision of PD is welfare-enhancing (reducing),
and an increase in the compliance rate further improves (reduces) the welfare.13

3.2. Policy Intervention 2 - increasing the perceived probability of danger (p̂NpÞ

We now turn to another commonplace policy intervention: highlighting short-term dangers via advertising, PSA's, and social
marketing initiatives aimed at deterring the excessive consumption of vice goods. In terms of our model, these messaging
strategies can be succinctly summarized as efforts intended to raise the perceived probability of short-term danger to p̂ higher
than the actual probability, p. A recent well-publicized example is the “Think!” video release campaign sponsored by the UK's
Department for Transport, highlighting the dangers of drunk driving. One video shows men standing in front of the mirror in a
pub bathroom washing their hands. Suddenly, a loud crash sends each prank victim leaping backward as a woman's bloody
face appears from the other side of the broken mirror (Telegraph, 2015). Similar fear-inducing campaigns have run in many
other parts of the world (Castillo-Manzano, Castro-Nuño, & Pedregal, 2012) and many different contexts (New York Times,
2011), including anti-drug campaigns (Morgan, Palmgreen, Stephenson, Hoyle, & Lorch, 2003) and anti-AIDS advertising
(Dillard, Plotnick, Godbold, Freimuth, & Edgar, 1996). Our model allows us to study the welfare consequences of the efforts of
social marketing campaigns that succeed in raising individuals' perceived probability of the short-term dangers associated with
vice good consumption.

In terms of our model, the increase in perceived probability has two effects: (1) it expands R2 (recall that these are the
individuals who mistakenly do not use the PD to self-regulate) by shrinking R3, and, (2) it expands R4 and R5 (wherein
individuals are able to exercise self-control) at the expense of R2 and R3 (see Fig. 7). The former effect is captured by region
S1, and the latter by region S2, respectively. Let p̂ ¼ pþ Δp, Δp N 0, then:
13 The
14 We
S1 ¼ ΔpI
CH

� ΔU−pI−ΔpI
CH
S2 ¼ ΔpI
CH

1
2

1−
ΔU−pI−ΔpI

CH

� �
þ 1−

ΔU−pI
CH

� �� �
¼ ΔpI

CH
1−

ΔU−pI
CH

þ ΔpI
2CH

� �
:

Again, we define the change in welfare as ΔS = S2 − S1. The former effect (expansion of S1) is welfare decreasing, whereas the
latter effect (expansion of S2) is welfare enhancing. Again, we can see that the impact of the policy of raising the perceived
probability is not Pareto improving because it expands S2 at the cost of S1. Specifically, we obtain the following result14:

Proposition 2. When the perceived probability of the short-term danger is raised by Δp through PSAs, the following hold:

(i) For 2 (ΔU − pI) − CH N 0: If ΔpI≥
2½2 ðΔU−pIÞ−CH�

3
, welfare is higher, i.e., ΔS N 0, and ΔS increases with Δp. If ΔpIb

2½2 ðΔU−pIÞ−CH�
3

, welfare is lower, i.e., ΔS b 0, and ΔS decreases with Δp when ΔpIb
2 ðΔU−pIÞ−CH

3
and increases with Δp

when ΔpI ≥
2 ðΔU−pIÞ−CH

3
.

(ii) For 2 (ΔU − pI) − CH ≤ 0, welfare is always higher: “winning” segments are always greater than “losing” segments, i.e., ΔS N 0
and ΔS increases with Δp.

Condition (i) implies that the temptation is relatively high, as compared with the long-term costs, and increasing the perceived
probability of danger largely affects only the relatively unsophisticated consumers (R1 and R2). The proportion of the increase in
the number of consumers in R1 and R2 exceeds the increase in the proportion of consumers who use the immediate danger to
truly moderate consumption (R3 and R4), except when the short-term danger is sufficiently high. Intuitively, a (small) increase
mathematical details of these supplementary analyses are available upon request from authors.
assume that I is sufficiently large so that Δp is always between 0 and 1 − p.



Fig. 7. Change in segment sizes with increased in perceived short-term danger (p̂Np).
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in the perceived probability of the short-term danger will worsen things and will induce more unsophisticated consumers into
believing that a threat of danger will make them moderate their consumption (see Fig. A2). Condition (ii) implies that when
the threat of temptation is relatively low, the sophisticates are more likely to use the increased perceived probability of danger
as a tool to moderate consumption. Still, as the perceived probability goes up, more of relatively unsophisticated consumers
will start to use the increased perceived probability as a tool as well (see Fig. A3).

In summary, although the perceived probability increase is not Pareto improving because it always makes some consumers
worse off, at the lower levels of temptation, the increase in perceived probability induced by the campaign can make more
consumers better off in aggregate. The most interesting implication of P2 is that, in the face of high temptations, aggressive
messages, including strategies such as shock value, might work. On the other hand, strategies that enhance the danger component
only moderately might be overall counterproductive and even increase negative behaviors.15

4. Extensions

In this section, we present three extensions of our primary model. We have so far abstracted away from the price of the vice
good and assumed it as part of the utility from consumption. However, pricing could help marketers and public policymakers
improve welfare. In the first extension, we briefly discuss the implications of the pricing of the vice good in our model, because
the pricing of vice goods is a common way to conceptualize policies for self-control (O'Donoghue & Rabin, 2006). In the second
extension, we endogenize the pricing policy of a monopolist selling a PD. Finally, after considering pricing policies we analyze
the impact of an intrapersonal strategy on the part of consumers of becoming strategically pessimistic about overcoming the
self-regulation problems arising from overconfidence.

4.1. Implications of pricing of vice goods

The main aim of this extension is to provide an intuition for pricing incentives for the seller of a vice good, and then contrast it
with the incentives that a policymaker might have to intervene for welfare purposes. As such, we keep this extension simple and
leave the complete characterization of optimal pricing in this setting for future research.

Let q be the price of excessive consumption and normalize the price of moderate consumption to zero. There are two cases to
consider:

CaseA. If q is low such that ΔU − pI − q ≥ 0, the regions are similar to those in Fig. 4, and the size of these regions now depends
upon the q, in addition to other parameters, as seen in Fig. 8. Specifically, note that:

i. The size of R1 is
ΔU−pI−q

CH
∙ð1−ΔU−q

CH
Þ which changes non-monotonically with the price of the excessive consumption,

i.e., it increases in q when 0≤q≤ΔU−
1
2
pI−

1
2
CH and decreases in q when ΔU−

1
2
pI−

1
2
CH ≤q≤ΔU−pI.

ii. The size of R2 is
ΔU−pI−q

CH
∙
pI
CH

which decreases monotonically in q.
15 We also carried out amore comprehensivewelfare analysis inwhichwe take into account the number of consumers affected, aswell as the change in their utilities.
The results are very similar.
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iii. The size of R3,
1
2
ðΔU−pI−q

CH
Þ
2

, monotonically decreases in q.

iv. The size of R4,
pI
CH

∙ð1−ΔU−q
CH

Þ monotonically increases in q.

v. The size of R5,
pI
CH

∙
pI
CH

, does not change in q.

vi. Finally, the size of R6,
1
2
ð1−ΔU−q

CH
Þ
2

increases in q.

Case B. If q is high, i.e., ΔU − pI b q b ΔU, R1, and R4 will merge into a single region with a size
ΔU−q
CH

∙ð1−ΔU−q
CH

Þ. Let us call

this region R14. The regions R2, R3, and R5, will merge into a region with a size
1
2
ðΔU−q

CH
Þ
2

. Let us call this region R235.

i. The region R14 first increases in q then decreases in q.

ii. The size of R235 monotonically decreases in q.

iii. The size of R6 still has a size of
1
2
ð1−ΔU−q

CH
Þ
2

, which increases in q.
4.2. Profit implications of vice good pricing

In our simple setting, the vice-good seller can earn revenues by selling only to consumers in R1, R2, and R3 (the hedonists who
are tempted) because consumers in R4, R5, and R6 moderate their consumption. When the price q is high (ΔU − pI b q b ΔU), R1,
R2, and R3 will disappear. Therefore, the firm will only charge a lower price ((q b ΔU − pI) to maximize revenue. Then the firm's
revenue from selling a vice good is the price times the demand, i.e.:
16 As a
for a mo
17 Not
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Quite intuitively, pricing would reflect a trade-off between the revenue from each individual and the total demand from R1, R2,
and R3 (as seen in Fig. 9). However, note that from a policy perspective, the regulators wish to either moderate consumption of
R1, R2, and R3 or if not, use PDs to save these consumers from short-term dangers. A revenue-maximizing firm does not have an
incentive to make people moderate their consumption (via high q) by making R1, R2, and R3 disappear.16 The presence of these
regions (especially R1 and R2, who are inaccurate and hedonists) could motivate policymakers to provide regulations like the
provision of PDs, as the danger associated with excessive consumption is likely to be in place even in the face of endogenous
prices.
4.3. Market provision of PD at endogenous price (T)

Because the consumption of many vice goods can harm consumers, and as we have shown that commonplace policy
interventions might be imperfect, markets could potentially play a role in the provision of PDs. Examples of such price-based
PDs include condoms (to prevent STDs), designated drivers provided at parties and bars (to prevent road accidents), radar
detectors (to avoid speeding tickets), and clean needles (to prevent HIV infection). In this section, we derive the price charged
for PDs by a monopolist seller; we endogenize the cost of PD (T) considered so far in the paper.17 The characterization of this
pricing policy is important from the obvious managerial perspective for the sellers of PDs. It is also useful for policymakers
and social marketers who often subsidize the provision of such PDs (e.g., in many parts of Europe the clean needles used by
drug users come from the local city authorities). Assuming the marginal cost to be zero, from the perspective of a PD seller,
she would set up T to maximize the expected revenue Π. Note that only consumers in R3 (Fig. 4) will consider buying a PD.
reminder, the revenue calculations do not include the revenue frommoderate consumption that might be substantial inmany contexts. See Jain and Li (2018)
re complete characterization of pricing in a similar context.
e that this is the pricing of PD in contrast to the pricing of vice good itself that was just discussed.
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Hence, the expected revenue is given by18:
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Expression (9) can easily be maximized with respect to T, and we obtain the following characterization of the optimal T*:

Proposition 3. The optimal price T∗ of a preventative device is concave in probability p, i.e. T∗ increases in p when pIb
ΔU
2

and

decreases in p when pI≥
ΔU
2
.

This result is somewhat surprising because the very purpose of a PD is to remove the danger associated with the excessive vice
good consumption; consequently, we might expect the price to increase with the greater (expected) danger. This result obtains
because the price response of a PD seller to the increase in the probability of the short-term danger depends on two effects.
The first effect is a standard quality effect by which a device with a higher pay-off19 is priced higher in the market, while an
opposing demand effect whereby the danger associated with excessive consumption acts as a soft commitment device by
consumers (R1 & R2 and R4 & R5 respectively in Fig. 5). The perceived efficacy of eschewing a PD as a tool to moderate
consumption increases in the probability of short-term danger, which shrinks the demand for a PD. For the lower levels of p,
the former effects dominate the latter, and vice-versa. This result highlights that the pricing of PDs – in contrast to most
products- could often be counterintuitive and might not be simply a monotonic function of “quality”.20

4.4. Pessimism as a consumer response to self-control problems

Finally, we present a brief discussion on changes in outcomes when the population is systematically pessimistic about their
self- regulation ability. The focus here is on the discussion of key insights, and the necessary mathematical details are found in
the Technical appendix.

Consumers are usually modeled as being either sophisticated (β̂ ¼ βÞ or naively overconfident in their abilities to self-regulate (
β̂Nβ). The approach we use here includes a consumer population with varying degrees of impatience and varying degrees of
sophistication. This formulation is consistent with the large psychological literature that posits that consumers often fall prey to
temptations and are systematically overconfident in their forecasts of the ability to self-regulate (Ainslie, 1975), which has
motivated a burgeoning behavioral economics literature to model agents' perceived immediate gratification parameter as β̂≥β
(see DellaVigna, 2009 for a review).21 Nevertheless, it is conceivable that, after repeated (and often futile) attempts at self-
regulation, some consumers might become pessimistic about their ability to exercise self-control. In terms of our model, pessimism
corresponds to β̂bβ; consumers (wrongly) believe that their immediate gratification urges are worse than they actually are. To
examine this situation, we present a specialized case of our basic set-up in which the entire population is (weakly) pessimistic
in their beliefs about their ability to self-regulate (see Fig. 10). Similar to the analysis done in Section 2, we can show that without
access to a PD, consumers will be in one of three groups: 1) Those who expect to consume high and end up consuming high,
2) those who expect to consume low and end up consuming low, and 3) those who expect to consume high but end up consuming
low.

Then, we look at the consumer choices in a scenario wherein a PD is made available for (almost) free, and we can divide the
consumers into six distinct segments (see Fig. 11). As before, we find that relatively sophisticated consumers make correct
decisions: They use a PD when it removes the short-term danger (R3), and do not use a PD when they can self-regulate without
its use (R4, R5, R6). More interestingly, consumers with a high degree of self-regulation (high β) but high pessimism (low β̂)—
represented by R1 in Fig. 11—end up using a PD when it turns out to be of no use. If the cost of a PD is close to zero, this
unnecessary cost is trivial but could be substantial if the PD were supplied by the market. More perversely, consumers with
intermediate levels of self-regulation but high pessimism (R2) end up using a PD, and this leads to a boomerang effect whereby
they end up consuming high because of the use of PD. In other words, a segment of highly pessimistic consumers who use a PD
in the hopes of averting immediate danger ends up over-consuming precisely because a PD takes the threat of immediate danger
off the table. Absent a PD; these consumers would have consumed in moderation. These last two outcomes suggest that if
consumers use pessimism as a strategic response to the dangers of overconfidence, they are not always better off. This result
stands in contrast to Heidhues and Kőszegi's (2010) finding in credit markets, showing that although overconfidence could hurt
e that we ignore externalities in the consumer demand formulation as a consumer is unlikely to fold back (small) magnitude of externalities in the individual
e decision just like a small steel mill owner would not take into account the effect of its pollution on the global warming. Of course, at the aggregate level these
lities could add up and become significant.
e that higher pay-off here implies a removal of a higher (expected) danger.
result shares some similarities with Jain and Li's (2018) finding who document the non-monotonic effect of unhealthiness of a product on prices.
conducted a smallmeta-analysis about the estimates of β from the past studies and found that almost all the studies have found the empirical evidence for self-
in the studies of inter-temporal decision-making. As an example, in Brown, Chua, and Camerer (2009), an experimental setting that involved 30 rounds of play
tual payoffs), 25 out of 26 subjects displayed β b 1, providing some tentative evidence that a bias for immediate consumption seems to be quite prevalent in
degree.
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consumers, pessimism does not lead to any welfare loss. Of course, our context and modeling approach differs substantially from
theirs; in our situation, the presence of both short and long-term risks combined with the optional PD sets up the potential for
consumers to cause harm to themselves even as they try to be cautious.
5. Concluding remarks

Vices are both a heavy burden for society and a source of great attention for marketers and public policymakers. In the realm of
alcohol alone, more than 10,000 people die from drunk driving in the US, and another 80,000 people die from alcohol-related
causes every year (cdc.gov). Vices often carry both short-term and long-term risks, which consumers consider in their decision
making, and they often consider a preventative device for the short term risk such as avoiding drunk driving using a PD.
Designated drivers, ride companies specifically set up to transport inebriated customers, and taxis/rideshares are examples of
these PDs. PDs are perceived as uniformly good if one takes a simple approach to the problem. Still, we contend that use of
PDs is more complicated for many risks not only because there are two types of risk involved, but also because people have
differing levels of temptation and that they are heterogeneously knowledgeable or sophisticated about these temptations.
Fig. 9. Revenue maximizing price of vice good for excessive consumption.

http://cdc.gov
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Fig. 10. Predicted and actual consumption with pessimistic beliefs (β̂bβÞ:
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We show that PDs are not uniformly desirable, and provide a rationale that some consumers are likely to forgo the PD as a soft
commitment device to keep themselves from over-consuming. For sophisticated consumers, this unusual strategy actually works.
For less sophisticated consumers, the strategy can prove to be counter-productive. Our formulation is the first that we know of to
suggest that consumers might try to increase commitment by forgoing safety, and we expect that future empirical research might
explore this sometimes useful and sometimes disastrous consumer behavior further.

We take both public policy and a marketing approach to try to highlight some of the counterintuitive findings from our
set-up. It might make sense at first glance to provide PDs within a population: to require designated drivers (perhaps by
rendering automobiles inactive if the driver has had too much to drink), to require distribution of clean needles for addicts
via a government program, and so on. One intriguing finding of our policy analyses is that a set of consumers who would
otherwise consume in moderation end up engaging in excessive consumption because of compulsory PDs. This finding
may seem odd. Still, there is empirical data that is consistent with it, suggesting that our model, which explains the finding,
may provide a reasonable explanation for extant confusing results. For example, Arcidiacono, Khwaja, and Ouyang (2012),
using the 1997 Longitudinal Survey of Youth data, find that increased and easier access to contraceptives such as condoms
(a PD) increases the pool of sexually active teenagers who might have otherwise abstained. Peltzman (1975) in another
related example, shows that compulsory seat belt laws could result in more hazardous behavior by a subset of drivers.
Finally, there is a practice at some universities of providing free buses to students to transport to bars around the campus
and back, popularly known as “bar buses”. Interestingly, in 2011 the University of Rochester suspended its bar bus service
Fig. 11. Segments with a preventative device and pessimistic beliefs.
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to “discourage and curb excessive drinking” – perhaps in anticipation of our finding that compulsory use of PDs can lead to
excessive vice consumption (Campus Times, 2013). We are not suggesting that compulsory PDs are not a good idea, but
simply pointing out a wrinkle to them that standard models could not uncover. The degree to which they encourage excess
consumption depends on the size of each of our segments in the population.

Also, our study theoretically complements surging interest in empirical research on the efficacy of “counter-marketing” that
seeks to reduce the consumption of vice goods (Wang, Lewis, & Singh, 2016). We show that policy interventions such as the
use of PSAs to artificially inflate the short-term danger often produce unambiguously decreasing welfare. Perhaps our results
help explain why PSAs have, in general, had mixed effects (Dillard et al., 1996).

Even personal strategies such as strategic pessimism might not improve consumer welfare because of the unique way that PDs
interact with short-term and long-term risks. In fact, pessimism can result in excessive consumption precisely because of the
unnecessary use of a PD that the pessimism can inspire. These findings suggest that perhaps a better policy that could be
welfare-enhancing for all consumers is “debiasing” consumers (Gabaix & Laibson, 2006), creating (correct) consumer awareness
of their self-control problems, so they understand their frailties better and become more sophisticated in the use of PDs and
commitment devices. Recent push towards policies such as credit counseling and improving financial literacy in credit markets
could reflect this type of intervention (Meier & Sprenger, 2013).

Our model has the potential to be extended in multiple directions. For example, the market experience could make
consumers more sophisticated, and this dynamic might be interesting to study in a learning model. We studied the pricing
problem of a monopolist seller of PDs; it would be useful to extend our framework to a competitive setting. Another fruitful
avenue to research would be to compare and contrast the use of commitment devices that have received some attention in
the current literature (Brocas et al., 2004b) with the use of PDs that are the focus of our study. From a normative perspective,
although commitment devices (that are intended to moderate vice consumption) are compelling tools to curb the excesses
associated with the self-control failures, their practical efficacy remains elusive. The purchase of commitment devices
requires sophistication on the part of consumers, and extensive research has demonstrated that consumers often
systematically are overconfident and hence are likely to end with a sub-optimal level of commitment (Heidhues &
Kőszegi, 2009). This requirement is perhaps the reason that although researchers have paid more attention to commitment
devices, policymakers seem to focus more heavily upon the PDs that are the focus of this study. Some recent work has also
wondered why commitment devices that make eminent theoretical sense remain “missing” in practice (Laibson, 2015)
and have indicated that their costs often overwhelm their perceived benefits. These costs could be direct (like price) but
are often indirect, such as the loss of flexibility. For example, in a financial planning scenario, if consumers who want not
to be tempted to misspend their money could put their savings into a perfectly illiquid savings account (that cannot be
tapped at all before a desirable date- an example of a perfect commitment). But by doing so, they would lose all flexibility
and hence would not be able to access these funds even in unforeseen emergencies. The absence of more flexible
commitment devices in the field underscores the need to study alternative means of committing, and as such, our study is
an attempt in that direction.

In our welfare analysis, we demonstrated that the compulsory provision of PDs could enhance the welfare of some
segments while hurting others. As such, the impact of such subsidies also needs to consider the cost of provision for such
subsidies. As a final note, we feel that an empirical examination of our findings through experimental and market data not
only could serve as a validation test for our theory but also has potential to meaningfully amend and extend our model in
more fruitful directions, leading both to better understanding of consumers and the potential for better public policy
interventions.

Appendix A. Technical appendix

A.1. Proof of Proposition 1

Referring to Fig. 5 in the main text, notice that consumers in region R1 and R2 consume high and impose externality costs
upon the society (absent a PD). Under a compulsory PD enforcement, they still consume high but no longer impose externality
(provided they adopt PD). Hence, the total externality costs are as follows:

A. No uniform enforcement (R1 and R2)
ENE ¼ −e
ΔU−pI

CH
1−

ΔU−pI
CH

� �
B. Uniform enforcement (R1, and R2)
EUE ¼ −e 1−τð ÞΔU−pI
CH

1−
ΔU−pI

CH

� �� �
;
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where τ is the adoption rate of the preventative device. The difference in externality costs between A and B is:

ΔE ¼ EUE−ENE ¼ −e −τ
ΔU−pI

CH
1−

ΔU−pI
CH

� �� �
¼ eτ

ΔU−pI
CH

1−
ΔU−pI

CH

� �� �
N0
Thus, the externality-related costs are higher under no enforcement. In other words, the total externality-based criterion
improves welfare under uniform enforcement.

Again, refer to Fig. 5 in the paper to consider the effects of uniform enforcement on the consumers. Notice that R1 and R2
consume high under both the regimes, but under compulsory PD, they do not put themselves under short-term danger
(provided they adopt), and this improves their welfare. Those adopting from R4 and R5, end up consuming more, and this
decreases their welfare.

Hence the utility difference between uniform enforcement and no uniform enforcement are derived as follows:
R1 and R2: (βUH − βCH − T) − (βUH − βpI − βCH) = βpI N 0
R4 and R5: (βUH − βCH − T) − βUL = β(ΔU − CH) b 0
W12 ¼
Z

ΔU−pI
CH

τβpI
Z
ΔU−pI
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1
dβ̂dβ ¼ τpI 1−

ΔU−pI
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1
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3
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−

ΔU−pI
CH
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The total utility-based welfare change as a result of the uniform enforcement of PD is given as:
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The total welfare change as a consequence of PD enforcement (including both the internalities and externalities) can be written
as:
ΔW ¼ τ
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Since ΔW is continuous in X and has different signs at the upper and lower bounds of X, then there exists 0bX�b
ΔU
CH

such that

ΔW = 0 at X = X∗. Then we must have ΔW b 0 when 0 b X b X∗ and ΔW N 0 when
ΔU
CH

NXNX�.
Also note:
d ΔWð Þ
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d2 ΔWð Þ
dX2 ¼ τ 6CHX

2− ΔU þ 5CHð ÞX þ CH−2eð Þ
h in o
Δ = (ΔU + 5CH)2 − 24CH(CH − 2e) = CH
2 + (ΔU)2 + 10ΔUCH + 48CHe N 0. (This is the radical from the quadratic root

formula as applied to the second derivative expression).
The positive sign of the above expression guarantees that the second derivative of ΔW w.r.t. X has two positive real roots and

can be written as:
d2ðΔWÞ
dX2 ¼ τðX−X1ÞðX−X2Þ.

Note that to prove Proposition 1 we need only the welfare change ΔW less than zero when X is less than X∗ and ΔW greater
than zero when X is greater than X∗.

Recall that ΔW b 0 at X = 0 and ΔW b 0 at X ¼ ΔU
CH

. Also, from Eq. (T1), we have ΔW → + ∞ when X → + ∞ as well as when
X → − ∞. Then ΔW can have only the following two feasible shapes:
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Fig. A1.
Fig. A2.
Fig. A1 is consistent with our results: ΔW b 0 when 0 b X b X∗ and ΔW N 0 when
ΔU
CH

NXNX� regardless of the location of
ΔU
CH

.

In Fig. A2, since ΔW N 0 when X ¼ ΔU
CH

, then, we have either (b1) X�b
ΔU
CH

bx3 or (b2)
ΔU
CH

Nx4.

Case b1. X�b
ΔU
CH

bx3 is consistent with P1 that ΔW b 0 when 0 b X b X∗ and ΔW N 0 when
ΔU
CH

NXNX�.
Case b2. When
ΔU
CH

Nx4, it contradicts P1 because ΔW b 0 when
ΔU
CH

NXNx3NX
�.

We prove that such a shape is impossible by contradiction. Suppose ΔW is of this shape, then we have the relationships of X1

and X2, roots of
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dX2 ¼ 0 as follows:
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Since we assume ΔW has the shape as shown in Fig. A2, then we have
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Then from Eq. (T3), we have
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, which contradicts Eq. (T3).

Therefore, ΔW cannot be of the shape in Fig. A2.
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A.2. Proof of Proposition 2

We can calculate the change in welfare as a result of a change in the perception of probability as follows:
ΔS ¼ S2−S1 ¼ −
ΔpI
CH
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−
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Therefore, ΔS is convex in Δp. By equating the first derivative in Eq. (T5) to zero, we obtain: Δp�I ¼ 2 ðΔU−pIÞ−CH

3
.

There are two cases to be considered:

Case A. When 2 (ΔU − pI) − CH N 0, Δp�I ¼ 2 ðΔU−pIÞ−CH

3
N0. This case in shown in Fig. A3. Consumers worse off exceed those

better off (i.e., ΔS b 0) when ΔpIb
2½2 ðΔU−pIÞ−CH�

3
(from Eq. (T4)) and this difference increases with Δp when Δp b Δp∗ and

decreases with Δp when Δp N Δp∗. Consumers better off exceed those worse off (i.e., ΔS b 0) when ΔpIN
2½2 ðΔU−pIÞ−CH �

3
and

this difference increases with Δp.
Therefore, policymakers will make more consumers worse off by slightly inflating the perceived probability p̂. This inflation will
be beneficial only when the inflation could exceed a threshold.

CaseB. When 2 (ΔU − pI) − CH b 0,Δp�I ¼ 2 ðΔU−pIÞ−CH

3
b0, the outcome looks like the one in A4. Therefore, consumers better

off always exceed those worse off (i.e., ΔS N 0) for any ΔpI N 0.

Fig. A3.
Fig. A4.
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It is to be noted that assuming a relatively high value of I can guarantee p + Δp is an appropriate probability measure.

A.3. Proof of Proposition 3

The expected revenue of the seller is given by:
Π ¼ T � Pr
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An examination of Eq. (T6) immediately yields the required result. Q.E.D.
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