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Abstract

A common yet controversial practice involves advertising a base product’s price

up-front, while disclosing additional fees for optional add-ons only during the pur-

chase process. We study such an after-sales market with consumers who compare the

price of the add-on to the base good price—a behavior that temporarily increases

add-on demand. Our model incorporates multiple behavioral microfoundations to

account for this phenomenon, including relative thinking and salience. The presence

of such behavioral consumers has non-monotonic effects on the surplus of classical

consumers, and well-intentioned policies aimed at educating consumers may actually

decrease consumer surplus.
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1 Introduction

Airlines charge fees for optional services such as seat allocation, while healthcare providers

offer ancillary products such as life insurance and fitness programs. Banks charge late

and overdraft fees, and electronic suppliers promote extended warranties. Decoupling a

product or service into a base and an extra item has become a common business practice,

possibly because it increases the consumer’s willingness to pay (“WTP”) for the add-on,

leading to higher profits for the firm (Morwitz, Greenleaf, and Johnson, 1998). As a result,

add-on selling and drip pricing1 have drawn the attention of competition authorities and

raised concerns among policymakers.2 In October 2022, the Biden-Harris administration

announced an initiative to tackle potential issues arising from such practices (The White

House, 2022).

Consumers sometimes relate these additional costs to the price of the base product.

Spending $10 for shipping and handling likely feels less significant when the product price

is $100, as opposed to $20. In the former case, we may perceive that opting for home

delivery won’t put a dent in the wallet. In the latter case, we may decline the extra service

and instead pick up the product in-store. In fact, experiments provide causal evidence

that consumers are more likely to buy a queue-skipping voucher because the price of the

ski pass was higher (Erat and Bhaskaran, 2012) and that they will put more effort into

redeeming a $5 discount for a $25 radio than for a $500 TV (Thaler, 1980; Bushong, Rabin,

and Schwartzstein, 2021).

Our work novelly integrates such consumer behavior into a model of drip and add-on

pricing, which features both classical and behavioral consumers. We propose that behav-

ioral consumers’ WTP for the add-on increases as the base good price rises, a behavior

that we microfound with well-documented phenomena such as salience, relative thinking,

proportional thinking, mental accounting, and anchoring. Our findings show that in the

presence of behavioral consumers, firms face an incentive to increase the price of the base

good, which opposes the standard finding in the add-on literature to lower the price.

Our analysis reveals that the effect of behavioral consumers on the surplus of classical

1Drip pricing is the sequential presentation of prices and is defined as “[...] a pricing technique in
which firms advertise only part of a product’s price and reveal other charges later as the customer goes
through the buying process. The additional charges can be mandatory charges [...] or fees for optional
upgrades and add-ons” (Federal Trade Commission, 2012). In this work, we focus on the latter case of
optional upgrades and add-ons.

2See, for example, the British Competition Market Authority (2022) and the US Federal Trade Com-
mission (2022).
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consumers is non-monotonic, which distinguishes our insights from previous studies in the

literature (Ellison, 2005; Gabaix and Laibson, 2006). The presence of behavioral consumers

can either benefit or harm classical consumers, depending on the proportion of behavioral

consumers in the market.

This non-monotonicity has significant implications beyond the distribution of the sur-

plus between the two consumer types. Specifically, policy interventions such as consumer

education may have unintended consequences as they can either increase or decrease con-

sumer surplus, depending on the pre-existing equilibrium in the economy. This makes it

exceptionally challenging to predict the effects of policy measures in practice. Our anal-

ysis underscores the complexity of regulating an after-sales market with heterogeneous

consumers.

In our market, two firms compete in prices with horizontally differentiated base prod-

ucts. Consumers first purchase a base good from a seller. Subsequently, consumers are

presented with the seller’s offer for an optional ancillary product, which they can reject at

zero costs. The seller enjoys monopoly power in the add-on market. Although there could

be multiple sources of market power in the add-on market,3 this assumption will be relaxed

later to show that our results generalize to sequential buying settings with competition in

the after-sales market.

Consumers are heterogeneous. Some consumers behave according to traditional theory.

For those classical consumers, the WTP for the add-on is naturally independent of the

price of the previous base good purchase. Other consumers are boundedly rational. Those

behavioral consumers compare the add-on to the more expensive base good, making them

less sensitive to the add-on cost, resulting in temporarily increased demand for the add-

on. Our reduced-form model accommodates this behavior without relying on a specific

psychological mechanism, and we show that the previously mentioned behavioral micro-

foundations all satisfy our model’s assumptions. Therefore, behavioral consumers’ WTP

for the add-on increases with the price of the base good, leading to an add-on WTP that

is strictly greater than that of classical consumers.

Firms face a mixed population of consumers and must decide on their pricing strategy.

They know the distribution of consumer types but cannot identify an individual’s type,

making it impossible to engage in price discrimination. Nonetheless, firms can potentially

exploit behavioral consumers by increasing the add-on price to their higher add-on WTP.

3See, for example, Diamond (1971); Shapiro (1994); Ellison (2005); Gabaix and Laibson (2006).
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While classical consumers will not buy the add-on anymore, firms can extract a higher

add-on mark-up from behavioral consumers. This strategy is referred to as the exploiting

strategy. Alternatively, firms can choose not to adapt their pricing strategy, resulting in

the add-on price being equal to the WTP of the classical consumers. In this case, all base

good buyers accept the additional offer, the non-exploiting strategy.

The equilibrium strategy is determined by the proportion of behavioral consumers.

With a low share, the exploiting strategy is not optimal as the loss from classical con-

sumers not buying the add-on exceeds the extra revenue from selling it at a higher price

to behavioral consumers. The add-on is priced as if all consumers were classical, result-

ing in the same outcome as in our benchmark economy, which consists of only classical

consumers.

The strategy of exploiting behavioral consumers in the after-market is optimal when

they become sufficiently frequent. Crucially, pursuing this strategy also affects the optimal

price of the base good due to the following trade-off: increasing the base good price allows

firms to set an even higher add-on price, since the behavioral consumers’ WTP for the add-

on depends positively on the base good price. Simultaneously, however, demand in the base

good market decreases, and with it, also in the after-sales market. The two effects arising

from this trade-off determine the optimal prices and the distributional effects between the

two types of consumers. Indeed, the optimal base good price may be higher or lower than

the benchmark price, depending on the proportion of behavioral consumers. Furthermore,

the trade-off involved in the exploiting strategy results in an endogenous price floor for

the base good, implying that not all add-on market mark-ups are redistributed.

We demonstrate that there exist (unique) equilibria in which classical consumers are

worse off: the presence of an intermediate proportion of behavioral consumers creates a

negative externality on classical consumers. Yet, higher proportions of behavioral con-

sumers subsidize classical consumers. This implies that the behavioral consumer exerts

non-monotonic externalities on the surplus of the classical consumer. This result extends

to the monopoly case.4

Only perfect competition in the base good market offers complete protection for the

classical consumer. Due to the (perfectly) competitive pressure, firms cannot increase the

price of the base good and the mark-ups from the add-on market must be completely

passed on to the base good market. As a result, classical consumers are always weakly

4This is not always the case with behavioral consumers (Heidhues and Kőszegi, 2018)
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better off, benefiting from the cross-subsidization of behavioral consumers. Thus, not only

imperfect competition, but also perfect competition may raise important distributional

concerns.

Recently, in the US airline industry, legislation was proposed to state all prices upfront,

including those of optional add-ons such as seat allocations (Department of Transportation,

2022). We analyze the effect of such legislation, which, in essence, is an education policy

that aims to reduce the share of behavioral consumers. Our findings suggest that disclosing

prices upfront can either enhance or reduce total consumer surplus, depending on the

effectiveness of the intervention and the ex-ante equilibrium of the market. Thus, education

can counter-intuitively harm both types of consumers.

Similarly, a government that enacts an exogenous price floor on the base good to prevent

loss leading, often also referred to predatory pricing, can actually harm both consumers

if the floor is set above the endogenous price floor created by behavioral consumers. In

that case, the imposed price floor makes the base good more expensive. As a consequence,

firms can take advantage of the behavioral consumer even more, while forgoing some of

the competitive pressure to redistribute the mark-up from the after-sales market to the

base good market.

Our work is most closely related to the model proposed by Ellison (2005), which as-

sumes that some consumers have an exogenously higher WTP for an add-on product than

others. As such, our mechanism shares some similarities with Ellison’s model, as firms

in both cases must decide whether to offer the add-on to all consumers or only to those

with a higher WTP. However, a critical difference in our model is that the heterogeneous

WTP arises endogenously from consumers’ behavior, which can be microfounded by a

set of common behavioral mechanisms.5 This endogenous heterogeneity in the WTP for

the add-on leads to a distinct prediction: firms face an incentive to increase the price of

the base good. This, in turn, results in the new finding that behavioral consumers have

non-monotonic effects on classical consumers.

This paper also contributes to the recent debate around drip pricing in economics

(Kosfeld and Schüwer, 2016), marketing science (see Ahmetoglu, Furnham, and Fagan,

2014, for a review) and antitrust (see Greenleaf, Johnson, Morwitz, and Shalev, 2016, for

5Although our model explains heterogeneous valuations of add-ons in an endogenous way, it does not
exclude the existence of exogenous differences in valuations. Our framework can be extended to account for
situations where consumers are heterogeneous due to exogenous circumstances, such as different marginal
utilities of income.
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a review). A decoupled good consisting of a base and add-on product can increase demand

because consumers underweight the add-on price (Hossain and Morgan, 2006; Ellison and

Ellison, 2009; Brown, Hossain, and Morgan, 2010; Santana, Dallas, and Morwitz, 2020).

In a large field experiment on StubHub.com, Blake, Moshary, Sweeney, and Tadelis (2021)

find that drip pricing increases demand in quantity and quality (see also Dertwinkel-Kalt,

Köster, and Sutter, 2020), and drip pricing has been shown to reduce consumer surplus

in experimental markets (Huck and Wallace, 2015; Rasch, Thöne, and Wenzel, 2020).

Moreover, there is empirical evidence that add-on purchases are more frequent if base

good prices are higher (Xia and Monroe, 2004; Erat and Bhaskaran, 2012). Interestingly,

Karle, Kerzenmacher, Schumacher, and Verboven (2022) provide experimental evidence

suggesting that consumers tend to search less when product prices are high and behave,

due to relative thinking, as if they were less price sensitive. This finding is closely related

to our assumption that consumers have a higher WTP for add-ons when the price of the

base product is higher.

To inform policy, we address these empirical observations and introduce behavioral

consumers whose WTP for the add-on positively depends on the base good price into an

after-sales market model, a so-far novel attempt. The presence of behavioral consumers

can lead to the emergence of an endogenous base good price floor, which can reduce

competition as firms have less incentive to redistribute profits from add-ons to the base

product market. Moreover, we find that education policies, such as stating all prices

upfront, may indeed reduce the proportion of behavioral consumers. However and despite

good intentions, such policies could do more harm than good.

Further, this paper relates to the literature on pricing in multi-good settings and loss

leading (see Armstrong and Vickers, 2012, for a review). In typical models, firms enjoy

ex-post monopoly power over the add-on, allowing them to extract high margins from

those after-sales products (see, for example, Holton, 1957). However, perfect competition

forces firms to redistribute those rents to the base good, which must be sold as a loss-leader

to attract consumers ex-ante (Shapiro, 1994). Loss-leading is often seen as a predatory

practice that exploits consumers and reduces welfare (Chen and Rey, 2012). For this

reason, the issue has gauged the interest of researchers and antitrust agencies alike. For

example, 22 U.S. states prohibit the sale of goods below costs, and loss-leading is banned

in several countries in the European Union.6

6See https://www.aeaweb.org/research/loss-leading-bans-retail-competition.
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In our model, however, a law that enacts a price floor on base good always weakly

reduces the surplus of the remaining consumers. Thus, banning loss-leading may actually

be detrimental for consumers. This result contributes to recent evidence that points to-

wards the potential negative effects of such bans due to other reasons, such as for example

a smaller product choice (Johnson, 2017).

Moreover, our insights contribute to the literature on behavioral industrial organization

(see Heidhues and Kőszegi, 2018, for a review), particularly to the literature investigat-

ing heterogeneous consumer populations (Heidhues and Kőszegi, 2017). In Gabaix and

Laibson (2006), some consumers anticipate the add-on, while others are myopic and (need

to) purchase the add-on. The authors find a monotonic effect: Classical consumers are

always better off when behavioral consumers enter the economy. Related is also Rasch

et al. (2020), who theoretically and experimentally investigated drip pricing with manda-

tory add-on purchases. However, in our model, there are no surprise charges: consumers

voluntarily purchase the add-on or can reject the seller’s offer at no cost. Likewise, our

article relates to Michel (2017), where consumers overestimate the value of optional war-

ranties due to underestimating the costs of returning faulty products. But our model is

distinct in that it considers consumers who differ in whether they evaluate the price of the

add-on in reference to the price of the base good, a behavioral foundation that has not

yet been introduced in after-sales market models, and is applicable to a variety of add-ons

beyond warranties.

Finally, our analysis shows that the presence of behavioral consumers can jeopardize

the surplus of classical consumers. This result, together with the insights of Ellison (2005)

and Armstrong and Chen (2009), refines insights from the previous literature that usually

finds the presence of behavioral consumers does not adversely affect classical consumers,

and may even benefit them—the infamous reverse Robin Hood effect (e.g., Gabaix and

Laibson, 2006).7 Usually, the behavioral consumer subsidizes the classical consumer, and

thus, the discussion has centered on whether to protect behavioral consumers from their

own mistakes. Our findings raise the question of whether one should protect the perfectly

acting classical consumer from the mistakes and biases of others.

This paper proceeds as follows. Section 2 defines the model set-up. Section 3 provides

the equilibrium analysis. Section 4 analyzes policy implications. Consumer behavior is

7The issue also received considerable attention in the popular press, see for example https://thehill.
com/opinion/finance/580513-reverse-robin-hood-is-real.
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microfounded in Section 5 and Section 6 provides further results. Section 7 concludes. All

proofs are presented in appendices.

2 Model

We consider a market with products that feature add-on components. After purchasing a

base product, the consumer is subsequently confronted with the offer for an ancillary prod-

uct (or service).8 Formally, we suppose that two firms j ∈ {1, 2} compete in prices with

differentiated base goods, which are imperfect substitutes. Each firm offers a base good

at price p1,j. There is a continuum of consumers. Firm j faces a weakly concave demand

function Dj(p1,j, p1,−j), which is twice continuously differentiable, strictly decreasing in its

own price and limp1,j→∞Dj(·) = 0. We suppose that the base good demand is (i) super-

modular, (ii) the own-price elasticity is stronger than the cross-price elasticity, and (iii)

satisfies
∣∣∣∂D2

j (·)
∂p2

1,j

∣∣∣ ≥ ∂D2
j (·)

∂p1,j∂p1,−j
.9 The last assumption implies that the decrease (increase) of

demand is higher when only one firm increases (decreases) prices than when both change

prices.10

Once a consumer purchased the base good(s), firms offer one unit of an additional good

(or service) per base good sold at price p2,j. The add-on demand for firm j is thus bounded

from above by Dj(p1,j, p1,−j). Consumers are locked-in in the aftermarket, which implies

monopolistic power for firms. For simplicity, we suppose that add-ons are homogeneous

across firms and marginal costs of production for both goods are normalized to zero. The

WTP for the add-on of consumer i is given in reduced form by the expression11

W (v2, ∆̃), where ∆̃ = βi∆(p2, p1)

W (v2, ∆̃) is strictly increasing in both arguments, non-negative, weakly concave and twice

continuously differentiable. All consumers receive a positive gross consumption utility of v2

8Our model also applies to tentative purchases of the base product, assuming that consumers search
little once tentatively committed to a base good, as demonstrated by Rasch et al. (2020).

9These assumptions are merely used for traceability of asymmetric strategies and are not needed when
focusing on symmetric equilibria only.

10For example, the linear demand function derived in Singh and Vives (1984) satisfies these assumptions.
In Section 6.2, we show that our results also hold for unit demand à la Hotelling (1929). In Section 3.6,
we consider the simpler case of a monopolist, which yields similar results with much less structure on the
demand function.

11To ease notation, we will suppress the firm index j when not necessary. Thus, a single subscript
indicates whether it is the price of the base good or add-on.

7



for the add-on purchase. Additionally, some consumers may compare the price of the add-

on with the price of the base good, leading to a temporarily increased add-on demand. Our

model introduces this behavior in a reduced form with ∆̃ = βi∆(p2, p1), which is strictly

decreasing in p2 and strictly increasing in the reference price p1, where ∆(p2, p1) captures

the (relative) difference in prices with ∆(p2, p1) = 0 when p2 = p1. In Section 5, we formally

show that such behavior can be micro-founded by salience, relative thinking, proportional

thinking, mental accounting or anchoring and adjustment. The parameter βi captures the

strength of the behavioral mechanism, where βi = 0 characterizes a classical consumer who

is not subject to any of the above discussed behaviors. The classical consumer’s WTP for

the add-on is independent of the base good price and constant W (v2, 0) = W (v2).

A βi > 0 characterizes a behavioral consumer who puts the add-on price p2 in relation to

the price of the base good p1. The argument ∆(p2, p1) captures this behavioral mechanism.

It follows that behavioral consumers have a higher WTP for the add-on than classical

consumers when p1 > p2.12 Note that we do not specify a utility function for behavioral

consumers. For the moment, we remain agnostic about whether the behavioral mechanism

increases the utility of behavioral consumers or not since our main results do not depend

on a specification.13 We will define a specific utility function in Section 4 when studying

policy implications. In the following, we focus on the case of a more expensive base good

than the add-on, such that ∆ > 0 in any equilibrium.14 In Appendix C.7, we investigate

the case in which the base good costs less than the add-on.

We analyze an economy that potentially consists of both types, classical and behavioral

consumers, i.e. βi ∈ {0, β} with i = {c, b} and β ∈ (0, 1].15 The share of behavioral

consumers in the population is denoted with α ∈ [0, 1]. Firms know the distribution of the

types of consumers but cannot identify an individual’s type. It follows that firms cannot

price discriminate and need to offer the same prices p1 and p2 to all consumers. The timing

of the game is as follows:

12Note that the mechanism could also work through a price rather than WTP distortion. That is,
behavioral consumers may misperceive the price of the add-on and perceive it as cheaper than it actually
is. This affects the incentive constraint to buy the add-on similarly to a WTP distortion and thus, does
not change our analysis.

13That is whether behavioral consumers receive a utility of W (v2, ∆̃) or W (v2) when consuming the
add-on. Proposition 2 deals with the welfare of behavioral consumers. The proof shows that the result is
independent of the welfare specification.

14We rule out the corner solution p1 = p2, which implies ∆ = 0 and thus,W (v2) = W (v2, ∆̃). Therefore,
we focus on interior solutions and consider only equilibria with p1 > p2.

15Since β reflects the strength of the behavioral mechanism of an individual, it is restricted to the unit
interval.
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• Period 0: Firms choose the prices p1 and p2 simultaneously.

• Period 1: Consumers observe the base good price p1, choose a seller, and buy the

base good(s).

• Period 2: Each firm offers an add-on to its base good consumers. Consumers observe

the add-on offer and either accept or reject it.

Note that we assume that the add-on does not affect consumer choice in the base good

market. They choose a firm only because of the surplus provided by the base good. This

assumption is reasonable in a number of settings. For example, the add-on price may

be truly unobservable at the time of the base good purchase: many firms reveal prices

of add-ons only after a (tentative) base good purchase, a practice known as drip pricing

(Competition Market Authority, 2022). Firms may not need to commit to the add-on price

ex ante or firms may not advertise and shroud add-on prices (see Gabaix and Laibson, 2006;

Spiegler, 2006; Gamp, 2015; Spiegler, 2016).16 Finally, add-on prices may be too expensive

to learn ex ante before arriving at a point of sale (Ellison, 2005; Heidhues, Johnen, and

Kőszegi, 2021).17

3 Equilibrium Analysis

We solve the game for Nash equilibria in pure strategies.

3.1 Aftermarket

In period 2, after the purchase of the base good, consumers with WTP W (v2, ∆̃) can buy

an add-on at price p2. Classical consumers (β = 0) buy the add-on when W (v2) ≥ p2.

Behavioral consumers (β ∈ (0, 1]) buy when W (v2, ∆̃) ≥ p2. Therefore, the demand for

16When prices are unobservable, in line with Gabaix and Laibson (2006), we suppose consumers form
Bayesian posteriors about the add-on with the beliefs that firms set monopolistic add-on prices since
they are profit-maximizing. These rational expectations are identical across firms and, thus, do not affect
consumer’s choice problem.

17See Spiegler (2011); Heidhues and Kőszegi (2018) for a review of behavioral models in add-on pricing.
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the add-on of firm j is given by

Qj(p2,j, Dj(p1,j, p1,−j)) =


Dj(p1,j, p1,−j) if p2,j ≤ W (v2),

αDj(p1,j, p1,−j) if W (v2) < p2,j ≤ W (v2, ∆̃),

0 if p2,j > W (v2, ∆̃).

Observe that the add-on demand also depends indirectly on p1, because only base good

buyers can purchase the add-on.

3.2 Firms’ Problem

The profit function of firm j is given by

πj(p1,j, p1,−j, p2,j) = p1,jDj(p1,j, p1,−j) + p2,jQj(p2,j, Dj(·)). (1)

Firms have monopolistic power in the aftermarket and extract the entire rent by making

one of the two consumer types indifferent. Two possible prices emerge in equilibrium, im-

plicitly defined by p∗2 ∈ {W (v2),W (v2, ∆̃)}. If p∗2 = W (v2), firms do not exploit behavioral

consumers. All consumers accept the additional offer. We refer to this as the non-exploiting

strategy. If p∗2 = W (v2, ∆̃), however, firms do exploit the behavioral consumer and price the

add-on at behavioral consumers’ WTP. Consequently, classical consumers do not accept

the add-on offer. We refer to this as the exploiting strategy.

Selecting one strategy determines p2,j and Qj(p2,j, Dj(·)) in Equation (1). Given a

chosen strategy, firm j maximizes its profits by choosing the base good price p1,j, which

yields the implicitly defined best response functions for any p1,−j. Depending on the

rival’s actions, we obtain either (i) symmetric non-exploiting prices pn1 and profits πn, (ii)

symmetric exploiting prices pe1(α) and profits πe or (iii) an asymmetric outcome, where

the non-exploiting firm sets p̃n1 (α) and gets π̃n, and the exploiting firm sets p̃e1(α) and

receives π̃e, where

πn = π(pn1 , p
n
1 ,W (v2))

πe = π(pe1(α), pe1(α),W (v2, ∆̃))

π̃n = π (p̃n1 (α), p̃e1(α),W (v2))

π̃e = π
(
p̃e1(α), p̃n1 (α),W (v2, ∆̃)

)
).
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The full derivation of all prices and profits are characterized in Appendix A. Lemma A.1

in Appendix A.3 shows that the exploiting profits πe and π̃e are strictly increasing in

α. This is because behavioral consumers—who can be exploited by firms—become more

frequent when α increases. The symmetric non-exploiting profit πn is independent of

the share of behavioral consumers because firms set the add-on price to the WTP of the

classical consumer, implying that all consumers accept the add-on offer. The asymmetric

non-exploiting profit π̃n is either increasing or decreasing in α.18

3.3 Equilibrium

The formal equilibrium derivation is provided in Appendix A.4. The share of behavioral

consumers α crucially determines which equilibrium arises. When behavioral consumers

are particularly frequent, then both firms exploit in equilibrium by choosing p∗1 = pe1(α),

p∗2 = W (v2, ∆̃). When the share of behavioral consumers is low, then neither firm exploits

and both set p∗1 = pn1 , p∗2 = W (v2) in equilibrium. For a wide range of α, the symmet-

ric non-exploiting equilibrium and the symmetric exploiting equilibrium, respectively, are

unique. Only for an intermediate share of behavioral consumers multiple equilibria exists.

Either the best response implies to do the same as the rival and both, the symmetric

non-exploiting and symmetric exploiting equilibrium exist, or the best response is to do

the opposite and multiple asymmetric equilibria arise.

The equilibrium structure is intuitive. Firms face a trade-off between a higher after-

market demand versus a higher mark-up.19 When the share of behavioral consumers is

low, the demand effect dominates. The income from selling a high-priced add-on to only

a few behavioral consumers cannot compensate for the demand loss arising from classical

consumers who decline the additional offer. Accordingly, firms do not exploit and set the

add-on price at the classical consumers’ WTP W (v2). When the share of behavioral con-

sumers is large, both firms exploit behavioral consumers by setting p∗2 = W (v2, ∆̃). The

demand loss from not serving classical consumers in the aftermarket is (over)compensated

by the higher add-on mark-up because sufficiently many behavioral consumers are in the

population.

18See Appendix A for details and explanation.
19This is reminiscent of Ellison (2005), but as we show in our analysis that follows, firms face an

incentive to increase the base good price in our model. Proposition 1 shows that there exist exploiting
equilibria, in which the base good is more expensive than in a non-exploiting equilibrium.
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3.4 The base good price

In classical aftersales models, the only incentive firms face is to lower the base good price

in order to lock in more consumers (Diamond, 1971). An important consequence of intro-

ducing consumers that follow our behavioral pattern, is that it gives firms a countervailing

incentive to increase the base good price. A more expensive base good increases behavioral

consumers’ WTP for the add-on. This allows firms to extract a higher mark-up in the

add-on market, increasing the value of the aftermarket. Yet, a higher base good price leads

to a lower demand in the base good market, which also implies less demand for the add-on.

Hence, firms that exploit in the aftermarket face a trade-off when setting the optimal base

good price pe1(α) or p̃e1(α), and consequently also p̃n1 (α), since base good prices are strategic

complements. This trade-off is captured by the relationship of the two semi-elasticities

εD =
−∂D(·)/∂p1,j

D(·)
and εW =

∂W (v2, ∆̃)/∂p1,j

W (v2, ∆̃)
.

The base good demand semi-elasticity, εD, denotes the demand effect of a price change

in the base good market and, thus, the amount of consumers in the add-on market. The

second semi-elasticity, εW , captures how strongly the add-on WTP of behavioral consumers

reacts to a change in the reference price. Depending on which effect dominates, the optimal

base good price is either a decreasing or increasing function in the share of behavioral

consumers α. When εD > εW , the demand effect is stronger and the optimal prices pe1(α),

p̃e1(α) and p̃n1 (α) are decreasing in α. In this case, it is profitable to attract and lock-in

more consumers by lowering the base good price. In contrast, when εD < εW , the optimal

base good prices are increasing in the share of behavioral consumers. This is the case

when the base good demand is relatively inelastic and a price change has little effect on

the sold quantity of base goods. We show in Lemma A.2 in Appendix A that the order of

the semi-elasticities, εD and εW , is monotonic in α and thus, also the price functions.20

Crucially, this implies that the base good price in the symmetric exploiting equilib-

rium and asymmetric equilibrium depends on the share of behavioral consumers in the

population. As a consequence, their presence affects classical consumers in the base good

market.

To analyze this effect, we consider a benchmark economy consisting of classical con-

sumers only (α = 0) The benchmark base good price is given by pb1. In equilibrium, firms

20That is for specific functions D(·) and W (·), it is either εD ≥ εW for all α or εD ≤ εW for all α.
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sell the add-on to all consumers at p2 = W (v2). Thus, the benchmark outcome is identical

to the symmetric non-exploiting equilibrium, and we obtain pb1 = pn1 , which implies that

in any symmetric non-exploiting equilibrium, firms price as if there were only classical

consumers. It is immediate to see that a low share of behavioral consumers has no effect

on the market outcome and the surplus of classical consumers.

Whether the base good in a symmetric exploiting or asymmetric equilibrium is cheaper

or more expensive than in the benchmark depends crucially on α and whether εD or εW is

stronger. We implicitly define the critical price threshold

ᾱp =



W (v2)

W (v2, ∆̃) +

∂W (v2,∆̃)
∂p1,j

D(p∗1,j, p
∗
1,−j)

∂D(p∗1,j ,p
∗
1,−j)

∂p1,j

, for εD 6= εW

∞, for εD = εW .

When α = ᾱp, then the base good costs the same in any equilibrium, pn1 = pb1 = pe1(ᾱp) =

p̃n1 (ᾱp) = p̃e1(ᾱp). Observe that, since D(p1,j, p1,−j) is decreasing in p1,j, the denominator

of ᾱp is not necessarily positive, but depends on the relationship of the semi-elasticities.

The price threshold ᾱp is positive when εD > εW and negative when εD < εW .21 Lemma 1

captures when the base good is cheaper or more expensive than in the benchmark economy.

Lemma 1.

(i) Suppose εD > εW . If α ∈ (min{ᾱ, α̂}, ᾱp), then the base good is more expensive

in any symmetric exploiting or asymmetric equilibrium than in the benchmark. If

α > ᾱp, then the base good is cheaper in any symmetric exploiting equilibrium.

(ii) Suppose εD < εW . The base good is always more expensive in any symmetric exploit-

ing or asymmetric equilibrium than in the benchmark.

For εD > εW , the price functions pe1(α), p̃n1 (α), and p̃e1(α) are all decreasing in α. Hence,

when the share of behavioral consumers is sufficiently low (α < ᾱp), then the base good,

offered by an exploiting firm (and by the non-exploiting firm in the asymmetric case), is

more expensive compared to the benchmark case. Note that symmetric exploiting and

asymmetric equilibria exist only when α > min{ᾱ, α̂}.22 Otherwise, for a large share

21The inequality W (v2, ∆̃) > ∂W (v2,∆̃)
∂p1,j

D(p∗1,j ,p
∗
1,−j)

∂D(p∗
1,j

,p∗
1,−j

)

∂p1,j

can be rearranged to εD > εW .

22We define the profit thresholds ᾱ and α̂ in Appendix A.4. They are necessary to formalize the
equilibrium characterization.
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α > ᾱp, the base good is cheaper in any symmetric exploiting equilibrium.23 For εD < εW ,

the price functions are increasing in α, and the price threshold ᾱp is negative. Hence,

for any share of behavioral consumers, the base good of an exploiting firm (and of the

non-exploiting firm in the asymmetric case) is more expensive than in the benchmark

economy.

3.5 The Surplus of Classical Consumers

We turn now to the central part of our analysis and main result. Combining the results from

Lemma 1 and the equilibrium characterization (Lemma A.3) identifies that the presence

of behavioral consumers has non-monotonic effects on classical consumers. Importantly,

when εD > εW , then the price threshold is always larger than the profit thresholds. That

is ᾱp > max{ᾱ, α̂}. Hence, there exists an interval, in which α is such that a symmetric

exploiting or asymmetric equilibrium exists and the base good price in these equilibria is

larger than in the benchmark economy.24 When εD < εW , then the base good is always

more expensive in a symmetric exploiting or asymmetric equilibrium. Proposition 1 states

the conditions when classical consumers benefit or are harmed by the presence of behavioral

consumers.

Proposition 1 (The effect on the surplus of classical consumers).

(a) Behavioral consumers do not affect the market in any symmetric non-exploiting equi-

librium.

(b) Suppose εD > εW . Then the presence of behavioral consumers: (i) harms classical

consumers in any symmetric exploiting equilibrium if α < ᾱp and benefits them

otherwise, (ii) harms classical consumers in any asymmetric equilibrium.

(c) Suppose εD < εW . Then the presence of behavioral consumers harms classical con-

sumers in any symmetric exploiting or asymmetric equilibrium.

When the share of behavioral consumers is low, like in case (a), there is no effect

on classical consumers because no firm exploits, which leads to the same outcome as in

the benchmark economy. This is independent of how elastic demand is. The presence

23Asymmetric equilibria do not exist when α > ᾱp.
24When α > max{ᾱ, α̂}, then the unique symmetric exploiting equilibrium exists. When α̂ < α < ᾱ,

then the asymmetric equilibria exist. When ᾱ < α < α̂, then the multiple symmetric equilibria exist.
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Figure 1: Proposition 1 (a) with symmetric prices.
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Note: The figure depicts Proposition 1 (a) with εD > εW and ᾱ < α̂, using
W (v2, ∆̃) = v2β(1 + p1− p2) with β = 1. The base good demand function is adopted
from Singh and Vives (1984): Dj(p1,j , p1,−j) = v1

1+d −
p1,j

1−d2 +
dp1,−j

1−d2 . The parameter
specifications are v1 = 9, v2 = 1, d = 0.4 and marginal costs c = 2.6. Notation:
πn, πe: symmetric non-exploiting and exploiting profits;
π̃n, π̃e: profits in asymmetric outcomes;
pe1, p

b
1: symmetric exploiting and benchmark economy prices;

α̂: profit threshold such that πn = π̃e; ᾱ: profit threshold such that π̃n = πe;
∆Uc: classical consumer surplus change.

of behavioral consumers, however, may harm classical consumers once there are sufficient

behavioral buyers in the economy. For a relatively elastic base good demand (εD > εW ),

this is the case when the share of behavioral consumers is intermediate, such that exploiting

is optimal, but the base good is more expensive than in the benchmark economy. Then, the

presence of behavioral consumers harms classical consumers because they have to pay more

for the desired base good than when all consumers would be classical and not subject to a

behavioral mechanism. Though, since the optimal base good price is a decreasing function

when εD > εW , classical consumers are better off when the share is large (α > ᾱp) because

the base good is cheaper than in the benchmark economy. These three different outcomes

of Proposition 1 (a) and (b) are depicted in Figure 1. For a relatively inelastic demand for

the base good (εD < εW ), classical consumers are always harmed when at least one firm

exploits because then the base good is always more expensive than in the benchmark.

Our finding implies that consumers, who behave perfectly according to classical eco-

nomic theory, do not always benefit from behavioral or “naive” consumers. In our model,
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classical consumers may be harmed by the presence of behavioral consumers. This has

major policy implications, which we will discuss in more detail in Section 4.

So far, we have focused only on the surplus of classical consumers. Let us now consider

total consumer surplus. The results in Proposition 2 state how exploitation by firms affects

the surplus of behavioral consumers and total consumer welfare. The variable CSE(α),

which is increasing in α when εD > εW and decreasing otherwise, captures the consumer

surplus in the base good market when firms exploit in equilibrium. Similarly, CSNE

denotes the consumer surplus in the base good market when no firm exploits.

Proposition 2 (Consumer surplus).

(a) Suppose εD > εW

(i) Behavioral consumers are worse off when exploited.

(ii) Suppose at least one firm exploits in equilibrium. Then, the total consumer

surplus is strictly lower when αD(·)[W (v2, ∆̃) − W (v2)] > CSE(α) − CSNE.

The condition is always satisfied for α ≤ ᾱp.

(b) Suppose εD < εW . Then behavioral consumer and total consumer surplus is strictly

lower when at least one firm exploits in equilibrium.

First, behavioral consumers always have a lower surplus in an exploiting equilibrium

than in a symmetric non-exploiting equilibrium. This is independent of whether the behav-

ioral mechanism increases the received add-on utility or not. Thus, behavioral consumers

are worse off, when firms exploit them. The effect on total consumer surplus is mixed when

εD > εW . Exploitation can decrease the base good price below the price in a symmetric

non-exploiting (or benchmark) equilibrium. This leads to an increased demand for the base

good, but it also implies that more behavioral consumers are exploited in the aftermarket.

This trade-off is captured by the inequality αD(·)[W (v2, ∆̃)−W (v2)] > CSE(α)−CSNE.25

On the left-hand side, we have the surplus effect of behavioral consumers buying the add-

on, whereW (v2, ∆̃)−W (v2) is the price difference for the add-on, which is strictly positive.

The fraction α of the population pays a strictly larger price in an equilibrium with ex-

ploitation. The right-hand side displays the change in consumer surplus in the base good

market, which can be positive or negative. When α ≤ ᾱp, by Lemma 1, the base good is
25Note that we need to adjust the condition slightly for asymmetric equilibria since not all behavioral

consumers are exploited. However, since asymmetric equilibria exist only for α < ᾱp, the adjusted
condition is always satisfied.
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more expensive when at least one firm exploits compared to a symmetric non-exploiting (or

benchmark) equilibrium. This implies less demand, and it must be that CSE(α) ≤ CSNE.

Hence, when classical consumers are harmed according to Proposition 1, then the total

consumer surplus is always lower because of exploitation. For α > ᾱp, the effect of ex-

ploitation is unclear on consumer surplus. In this case, the base good is cheaper, which

increases the surplus in the base good market CSE(α) > CSNE. Therefore, it depends on

whether the positive effect in the base good market dominates the negative impact in the

after-sales market. When εD < εW , all consumers are worse off when firms exploit, and

thus, consumer surplus is always lower.

3.6 Monopoly and Perfect Competition

In this section, we discuss the outcomes of the two extreme cases of competition, monopoly

and perfect competition. The findings in Proposition 1 and 2 are robust to a monopoly

setting, while perfect competition eliminates the harmful effect on classical consumers. We

defer the details of the formal analysis and results to Appendix C.1. With only one firm

in the base good market, the analysis is identical to the case of imperfect competition, but

we need to impose fewer assumptions on the demand function.26 The findings are similar

to the two-firm case, except that asymmetric equilibria do not exist. This is non-trivial

since the cross-subsidization result usually vanishes with monopolistic competition in the

existing literature (Heidhues and Kőszegi, 2018).

Under perfect price competition, that is when base goods are perfect substitutes, then

only the positive effect of behavioral consumers on classical consumers survives. The

intuitive reason is that due to competitive pressure, firms cannot increase the base good

price above the benchmark level. Otherwise, firms would face zero demand. Thus, when

firms exploit in equilibrium, then the base good price must be strictly lower, which benefits

classical consumers. Hence, under perfect competition, classical consumers can never be

harmed by the presence of behavioral consumers, which resembles the findings of Gabaix

and Laibson (2006).

26When base goods are perfectly differentiated, then each firm is a monopolist in its respective base
good market. Compared to the imperfect competition case, we need much less structure on the base good
demand function. We simply impose that D(p1) is strictly decreasing, twice continuously differentiable,
limp1→∞D(p1) = 0 and satisfies D(p1)D′′(p1) < 2D′(p1)2, which, for instance, holds for log-concave but
also CES demand functions.
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4 Policy Implications

We apply our main results stated in Proposition 1 and 2, and analyze how different policies

affect the individual and aggregate welfare of consumers. First, we consider a policy that

educates behavioral consumers and thus reduces their frequency in the population, such

as for example revealing all prices (separately) up-front. Second, we analyze the effect of

a price floor regulation on the base good, which is a common tool used by policymakers

to prevent loss-leading and predatory pricing. Lastly, we discuss the impact of a price cap

on the add-on.

4.1 Educating behavioral consumers

The Department of Transportation (2022) proposed a rule to require airlines to reveal

the full price of a ticket up-front, including ancillary services such as checked baggage.

This leads to so-called partitioned pricing, where all prices are shown up-front but still

separately for the base good and ancillary services. This is in contrast to drip pricing,

where prices are presented sequentially, and all-inclusive pricing, where consumers see

one total price. Compared to drip pricing, partitioned pricing leads to lower consumer

demand for the add-on (Robbert and Roth, 2014). Compared to all-inclusive pricing,

however, partitioned pricing still leads to misperceptions among consumers, pushing up

their WTP for the add-on. Therefore, we assume that such a policy intervention, as

proposed by the Department of Transportation (2022), reduces the frequency of behavioral

consumers, because it educates some of them who then become classical consumers after

the intervention.

Suppose there exists an instrument or technology for policymakers to reduce the share

of behavioral consumers in the population, and that the ex-ante share of behavioral con-

sumers is such that the unique symmetric exploiting equilibrium exists, α > max{ᾱ, α̂}.27

To characterize the policy impact, we need to distinguish between effective and ineffec-

tive instruments. An effective policy leads to a sufficiently large reduction of behavioral

consumers such that after the intervention, exploiting is not optimal anymore for either

firm. Hence, the measure results in the unique symmetric non-exploiting equilibrium. In

contrast, an ineffective policy reduces the share of behavioral consumers only by a bit such

that both firms still exploit in equilibrium.

27The intuition for ex-ante asymmetric equilibria is similar.
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Definition 1.

(i) An effective education policy reduces α sufficiently large such that the symmetric

non-exploiting equilibrium emerges ex-post.

(ii) An ineffective education policy reduces α only by a little such that both firms still

exploit ex-post.

Further, we need to distinguish whether classical consumers benefit or are harmed

by the presence of behavioral consumers prior to the policy implementation. According

to Proposition 1, we call any equilibrium in which classical consumers benefit, beneficial

equilibrium. Otherwise, when classical consumers are harmed by the presence of behavioral

consumers, we have a harmful equilibrium. To study the surplus effect on consumers who

are educated, we need to specify a utility function for behavioral consumers. We suppose

that the behavioral mechanism does not yield utility and define Ub = v1−p1 +W (v2)−p2,

where v1 is the gross utility generated by the base good. We demonstrate in the proof

of Proposition 3 that when the other case applies, and add-on utility is increased, Ũb =

v1 − p1 +W (v2, ∆̃)− p2, then the policy effect on educated consumers is identical to that

of classical consumers. For consumers who remain behavioral ex-post, the policy impact

is independent of the welfare specification.

Proposition 3 (Education).

(a) Suppose εD > εW .

(i) Any ineffective education policy makes behavioral and classical consumers worse

off. Educated consumers benefit if and only if W (v2, ∆̃) −W (v2) > pe1(α′′) −

pe1(α′).

(ii) Any effective education policy benefits behavioral and educated consumers. Clas-

sical consumers benefit when the ex-ante equilibrium was harmful and are worse

off if the ex-ante equilibrium was beneficial.

(b) When εD < εW , all consumers benefit from any policy, which increases total consumer

surplus.

When the base good demand is relatively elastic as in Proposition 3 (a), then the

optimal base good price under symmetric exploiting pe1(α) is decreasing in α. Since an

19



ineffective policy reduces the number of behavioral consumers only by a little, the inter-

vention does not change firms’ behavior but strictly increases pe1(α). Hence, firms still

exploit in equilibrium, and consumers must pay more for the base good, which makes

any uneducated consumer clearly worse off. In addition, the add-on also becomes more

expensive. Educated consumers do not buy the overpriced add-on anymore ex-post, which

affects their surplus positively by W (v2, ∆̃)−W (v2). But whether the overall policy effect

for them is positive depends on how strongly the price increase in the base good market is,

pe1(α′′)− pe1(α′), where α′ is the share of behavioral consumers before the intervention and

α′′ denotes the share ex-post. This implies that even consumers who get educated could

be worse off.

In contrast, an effective policy affects a firm’s behavior, and there is no exploitation ex-

post. The intervention results in the symmetric non-exploiting equilibrium. This always

benefits behavioral and educated consumers, even if the base good becomes more expensive.

This is directly related to Proposition 2. The benefit of not being exploited dominates any

negative effects in the base good market.

For classical consumers, it depends on whether the ex-ante equilibrium was harmful or

beneficial. In the former case, classical consumers benefit from an effective policy because

the base good is cheaper ex-post. In the latter case, they are hurt, because an effective

policy prevents the cross-subsidization from behavioral consumers, which results in a more

expensive base good ex-post.28

When the base good demand is relatively inelastic as in Proposition 3 (b), then the

optimal base good price under symmetric exploiting pe1(α) is increasing in α. This implies

that any reduction in the share of behavioral consumers lowers the base good price, which

benefits all consumers. Hence, any policy is beneficial and increases consumer surplus.

The results in Proposition 3 provide important insights for policymakers. Not every

education policy improves the welfare of consumers. On the contrary, they may even

hurt consumers. When demand effects are relatively strong, then policymakers need to

be careful with imposing regulations and interventions as they may worsen the situation

for consumers. Even the educated consumer can be worse off, when the base good price

reacts strongly to an ineffective policy.

28The add-on surplus for classical consumers is still zero ex-post.
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4.2 Price Floor

Loss-leading is a controversial practice that raises concerns over anti-competitive effects.

For that reason, predatory pricing is banned in many US States and some European

countries.29 Policymakers impose a price floor on goods by prohibiting pricing below

costs with the aim of protecting consumers. The literature finds mixed results on the

effectiveness of this policy (e.g., Chen and Rey, 2012; Johnson, 2017). In our model, a

binding price floor yields negative effects for most consumers, while it is ambiguous whether

consumers who could benefit really do so.

We impose a price floor that does not affect the benchmark economy, p
1
≤ pb1. This

price floor is binding only in an exploiting equilibrium with εD > εW , when the base good

is cheaper than in the benchmark economy.30 This is the case when the share of behavioral

consumers is sufficiently large, α > ᾱp. Then, firms want to decrease base good prices to

attract more behavioral consumers who are willing to buy the overpriced add-on and, thus,

can be exploited.

Proposition 4 (Price floor). Suppose εD > εW and p
1
≤ pb1. A binding price floor p

1
(i)

increases the add-on price and (ii) reduces the base good demand. Classical and remaining

behavioral consumers in the market are strictly worse off by a binding regulation. The

effect on behavioral consumers who left the market is ambigious.

Since firms must offer the base good at a higher price than in equilibrium, the demand

for the base good declines and the add-on becomes more expensive with a binding price

floor. This is because an exploiting firm sets p2 = W (v2, ∆̃) and W (v2, ∆̃) is strictly

increasing in p1. This clearly harms consumers that remain in the market as the prices

for both goods increase. Additionally, classical consumers who dropped out of the market

because of the regulation are worse off. Without a price floor, they would buy the base

good and obtain a positive surplus. Given that Ub applies, the only potential positive

effect is that some behavioral consumers leave the market and do not buy the overpriced

add-on.31 But, similar to classical consumers, they also lose a positive surplus from the

base good. Thus, the overall effect is ambiguous.

29See for example https://www.aeaweb.org/research/loss-leading-bans-retail-competition.
30When εD < εW , the base good price in an exploiting equilibrium is always larger than in the bench-

mark and a price floor is never binding.
31If Ũb applies, then the positive effect does not exist, and behavioral consumers who left are strictly

worse off.
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4.3 Add-on price cap

In his 2023 State of the Union speech, Biden called for a $8 cap on credit card late fees

(The White House, 2023), with the intention of extending such a policy to add-on fees

offered by concert and sports promoters.

We discuss the impact of this regulation on the outcome of our model intuitively. First,

with a price cap p̄2 < W (v2), only the non-exploiting equilibrium exists because firms

cannot set the add-on price above the WTP of classical consumers.32 Thus, a price cap

prevents the exploitation of behavioral consumers completely. But this comes at efficiency

costs. Since firms redistribute revenues from add-on selling, the price cap reduces those

earnings, which increases the base good price. This, in turn, lowers the base-good demand.

Therefore, a price cap p̄2 < W (v2) solves the problem of exploitation, but the effect on

consumer surplus is unclear as fewer base goods are sold at a higher price.

When W (v2) < p̄2 < W (v2, ∆̃), exploiting equilibria may still exist ex-post. Similar to

an education policy, we need to distinguish between inefficient and efficient price caps.33

Analogous to Definition 1, with an ineffective price cap, firms still exploit behavioral

consumers after the regulation, while an effective price cap prevents exploitation and the

non-exploiting equilibrium emerges ex-post. Whether a price cap is effective depends

on how strongly it affects the add-on revenue. An effective price cap limits exploitation

sufficiently enough such that selling the add-on to all consumers is more profitable. The

impact of an effective price cap is similar to the result in Proposition 3 (a ii). It benefits

classical consumers when the ex-ante equilibrium was harmful and hurts them when the

ex-ante equilibrium was beneficial. The intuition is analogous to the education policy.

Depending on the ex-ante equilibrium, classical consumers pay a higher or lower base good

price ex-post, while still receiving zero surplus from the add-on. Behavioral consumers are

always better off when a regulation prevents exploitation as shown in Proposition 2. Thus,

when the ex-ante equilibrium was harmful, an effective price cap regulation unambiguously

increases consumer surplus. When the ex-ante equilibrium was beneficial, the impact on

consumer surplus is unclear.

When the price cap is ineffective, then firms still exploit behavioral consumers and

set a higher base good price because they earn less add-on revenue. This clearly harms

32When p̄2 = W (v2), the price cap leads to the identical outcome of the non-exploiting (or benchmark)
equilibrium without a price cap.

33We consider only binding price caps. Otherwise, the regulation has no effect on the outcome.
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classical consumers. Behavioral consumers enjoy a lower add-on price, but also must pay

more for the base good. Thus, the impact on them is ambiguous.

In general, a price cap on the add-on limits the extent to which firms can exploit

behavioral consumers. When exploiting is still optimal (or p̄2 < W (v2)), however, then

the regulation leads to more expensive base goods. The implications are similar to an

education policy. However, instead of reducing the share of behavioral consumers directly,

a price cap tackles the profits that firms can make from exploitation, which increases the

profit thresholds. In other words, a larger share of behavioral consumers is required that

exploitation is profitable. Graphically, a price cap W (v2) < p̄2 < W (v2, ∆̃) implies that

the lines denoted with ᾱ and α̂ in Figure 1 shift to the right and the region where classical

consumers are unaffected increases.

Our discussion shows that a price regulation in the add-on market leads to non-trivial

effects. It has a mixed impact on individual welfare, and it is unclear whether consumer

surplus increases or decreases. A formal analysis, however, is beyond the scope of this

paper, and we encourage future research to investigate on this topic.

5 Microfoundations

For the behavioral consumer, the base good price increases the WTP for the add-on,

as empirically documented in a range of studies (Erat and Bhaskaran, 2012; Xia and

Monroe, 2004; Chatterjee, 2010). In this section, we discuss several mechanisms that

may microfound such behavior, which is captured in our reduced-form model through the

function W (v2, ∆̃)).

Relative thinking. Relative thinking has been shown to be an important determinant

in individual decision-making (Thaler, 1980; Jacowitz and Kahneman, 1995). In Bushong

et al. (2021), 48% of participants are willing to accept a 30-minute drive to save $25 for

a $1000 laptop, while 73% of participants are willing to do so to save the same monetary

amount when shopping for $100 headphones. Somerville (2022) experimentally shows that

more than two-thirds of the participants are better characterized as relative thinkers than

as standard utility maximizers.

In Bushong et al. (2021), consumers put a relative weight w(∆k) on each consumption

dimension k = v, p; where ∆k = max ks −min ks for s = 1, 2 and w(∆p) is a differentiable

and decreasing function on (0,∞). Adapting the model to our setting, the behavioral
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consumer is a relative thinker regarding the price dimension. To focus on this channel,

we set to w(∆v) = 1. Behavioral consumers’ incentive constraint for the purchase of the

add-on can be written as v2 − w(∆p)p2 ≥ 0. We employ the parameterized example of

their model: w(∆p) = (1 − ρ) + ρ
∆p+ξ

where ρ ∈ [0, 1) and ξ ∈ (0,∞). Rearranging the

incentive constraint yields W (v2, ∆̃)) = v2

(1−ρ)+ ρ
∆p+ξ

≥ p2.34 Therefore, whenever the base

good is more expensive than the add-on, the model of Bushong et al. (2021) satisfies our

assumptions on W (v2, ∆̃)).

Somerville (2022) provides a similar parameterized function for relative thinking. The

incentive constraint is characterized by v2 − (∆p)
y · p2 ≥ 0 with y ∈ (−1, 0) and ∆p =

max pk−min pk for k = 1, 2. Rearranging yieldsW (v2, ∆̃)) = v2

(∆p)y
≥ p2. Again, whenever

p1 > p2, the micro-foundation of Somerville (2022) satisfies our assumption of consumer

behavior.

Proportional thinking. Closely related is proportional thinking (Thaler, 1980). In

Tversky and Kahneman’s (1981) famous jacket-calculator example, a person is willing to

exert more effort to save $10 when the relative amount of money saved is higher (see

also the replications by Mowen and Mowen, 1986; Frisch, 1993; Ranyard and Abdel-Nabi,

1993). Azar (2011) shows that consumers are willing to pay more for the same constant

improvement in quality when the good’s price is higher. In a field experiment, Blake et al.

(2021) document a lower proportional price boosts add-on sales.35 Formally, a behavioral

consumer perceives the add-on prices as p2

p1
(or p2

p1+p2
), which implies an incentive constraint

of v2 − p2

p1
≥ 0. Rearranging shows that the WTP W (v2, p1) is increasing in p1.36

Salience. Consumers may devote more attention to product attributes that are more

salient. For example, it is documented that consumers underreact to taxes when those are

not salient (Chetty, Looney, and Kroft, 2009; Feldman and Ruffle, 2015; Taubinsky and

Rees-Jones, 2018). Also, when prices become less salient, demand substantially increases

(Finkelstein, 2009; Sexton, 2015). In a large field experiment on StubHub.com, Blake

et al. (2021) show that drip pricing strategies increase demand due to the additional fee

34Note that ∂W (v2,∆̃))
∂p1

> 0 and ∂2W (v2,∆̃))
∂p21

< 0 when p1 > p2 and ∂W (v2,∆̃))
∂v2

> 0 and ∂2W (v2,∆̃))
∂v22

= 0.
35“An old selling trick is to quote a low price for a stripped-down model and then coax the consumer

into a more expensive version in a series of increments each of which seems small relative to the entire
purchase” (Thaler, 1980, p. 51).

36See also Azar (2007) who develops a model of add-on pricing with mixed consumers in which behav-
ioral consumers’ add-on WTP is given by w(PL) = dPαβL , where d is a constant capturing utility, PL the
price of the base good, α ∈ [0, 1] captures the extent of proportional thinking of a consumer, and β ∈ [0, 1]
reflects the extent of relative thinking inherent in a certain decision context. Setting d = v2, PL = p1,
α = βi and β = 1, leads directly to our reduced form W (v2, p1) = v2p

βi

1 with βi ∈ {0, β}.
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appearing less salient for consumers (see also Brown et al., 2010; Hossain and Morgan,

2006; Dertwinkel-Kalt et al., 2020).

Bordalo, Gennaioli, and Shleifer (2022) formalize salience theory. In their model, the

surplus function for behavioral consumers is V̂ =
∑

k wkπkak for a good with k attributes,

where wk is the weighting function capturing bottom-up attention to salient attributes,

πk is the decision weight attached to attribute k, and ak denotes the attribute’s value

(see also Bordalo, Gennaioli, and Shleifer, 2012, 2013, 2020). In our case, four attributes

exist, k = {p1, p2, v1, v2}. We suppose that salience happens through contrast effects,

namely between the prices of the base good and add-on. To accommodate our model,

salient thinking does not affect the attention weight to quality, wv1 = wv2 = 1. This

deviates from the traditional theory, which typically considers the purchase between two

substitutes when a product’s quality or price is salient. Thus, we encourage future research

to study how salience on quality affects add-on selling. In our setup, it is the choice of

buying the add-on or not, given the (tentative) purchase of the base good. We suppose that

a more expensive base good captures the attention of consumers, who then underweight

the add-on’s price.37 For the ease of exposition, we assume πv2 = 1 and πp2 = −1.

Contrast between the prices is measured by the salience function σ(ak, p̄) = |ak−p̄|
|ak+p̄| ,

where ak ∈ {p1, p2} and p̄ = p1+p2

2
, satisfying ordering and diminishing sensitivity prop-

erties. Observe that p1 > p2 ⇔ σ(p1, p̄) > σ(p2, p̄), implying that p1 is more salient

when the base good is more expensive. This distorts the weighting function accordingly to

wk = w(σk;σ−k). Importantly, according to Bordalo et al. (2022), wk is increasing in the

salience of k, σk, and decreases in other attributes −k salience, σ−k. Thus, increasing p1

makes the base good price more salient, with the consequence of p2 becoming less salient.

This, in turn, decreases wp2 = w(σp2 ;σp1) and thus, behavioral consumers put less weight

on the add-on price. A behavioral consumer buys the add-on when v2 − wp2p2 > 0. Re-

arranging the incentive constraint yields W (v2, ∆̃)) = v2

wp2
≥ p2, where wp2 is decreasing

in p1 and increasing in p2. Hence, W (v2, ∆̃)) is increasing in both arguments. The dimin-

ishing sensitivity property of the salience function σ(ak, p̄) corresponds to our concavity

assumption.

Mental accounting. Because consumers are mental accountants “ [...] sellers have

a distinct advantage in selling something if its cost can be added on to another larger

37Given that consumers observe the add-on offer only after the (tentative) purchase, we suppose that
salience does not affect the base good market.
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purchase” Thaler (1985, p. 209). See also Ranyard and Abdel-Nabi (1993); Moon, Keasey,

and Duxbury (1999); Erat and Bhaskaran (2012).

The transaction utility theory from Thaler (1985) is a two-stage process. First, there

is a judgment process, where consumers evaluate potential transactions. The total utility

is defined as w(z, p, p∗) = v(p̄ − p) + v(−p : −p∗), where p̄ is the valuation for a good

z with price p, reference price p∗, and v(·) is a concave function. The term v(p̄ − p)

captures the acquisition utility, which is simply the net utility accrued by the trade and

corresponds to the add-on net utility of classical consumers.38 The transaction utility (or

reference outcome) is captured by v(−p : −p∗), which depends on the add-on price and

the reference price. Note that v(−p : −p) = 0, v(−p : −p∗) > 0 when p < p∗, and

v(−p : −p∗) is increasing in p∗. Intuitively, when the reference price exceeds the market

price, then it affects the value of good z positively. The size of the effect depends on

the difference between p and p∗. Second, there is a decision process, where consumers

(dis-)approve each potential transaction. A behavioral consumer will buy a good z if
w(z,p,p∗)

p
> k, where k is a constant. We interpret k = 0 as the outside option of not

buying the add-on. Supposing v(p̄ − p) = W (p̄) − p and setting p̄ = v2, p = p2, and

p∗ = p1 leads to the incentive constraint W (v2)−p2+v(−p2:−p1)
p2

≥ 0. Assuming p1 > p2, then

W (v2, v(−p2 : −p1)) = W (v2) + v(−p2 : −p1) ≥ p2 implies ∂v(−p2:−p1)
∂p1

> 0, and, since v(·)

is concave, the assumptions on W (v2, ∆̃)) with ∆ = v(−p2 : −p1) are satisfied. Therefore,

consumers subject to mental thinking can be characterized as behavioral consumers in our

model.39

Reference point dependence and anchoring-and-adjustment. A large amount of

experimental evidence documents the importance of reference points in individual decision-

making, starting with Kahneman and Tversky (1979); Tversky and Kahneman (1974); Ja-

cowitz and Kahneman (1995); Tversky and Kahneman (1981). Arbitrary high anchors have

been shown to increase the WTP for a variety of goods (Ariely, Loewenstein, and Prelec,

2003; Bergman, Ellingsen, Johannesson, and Svensson, 2010; Fudenberg, Levine, and Ma-

38We use directly the notation v(p̄− p) instead of v(p̄,−p), since Thaler (1985) argues that acquisition
utility will generally be coded as integrated outcome.

39Our reduced-form model also accommodates Erat and Bhaskaran (2012), who provide a mental
accounting model in the context of add-on selling. The behavioral mechanism is defined as a mental book
value BV = p − V , where p is the paid base good price and V is the cumulative benefit a consumer has
obtained so far from using the base good, which increases over time. Thus, BV is maximal just after the
base good purchase occurred. Further, a consumer buys the add-on if and only if pA ≤ uA + γuABV .
Setting p = p1, pA = p2 and uA = v2 translates immediately to our reduced form incentive constraint
W (v2, BV (p1)) = v2(1 + γBV (p1)) ≥ p2, where BV (p1) is strictly increasing in p1.
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niadis, 2012; Maniadis, Tufano, and List, 2014; Alevy, Landry, and List, 2015; Yoon, Fong,

and Dimoka, 2019; Ioannidis, Offerman, and Sloof, 2020). Also, it is documented that the

price observed in previous market periods affects subsequent bids of market participants

(Tufano, 2010; Beggs and Graddy, 2009; Ferraro, Messer, Shukla, and Weigel, 2021). The

former (Office of Fair Trading, 2013, p. 8) suggests: “For example, consumers may use a

heuristic called ’anchoring and adjustment’, in which case consumers will anchor on the

base price and insufficiently adjust for the surcharge” (see Furnham and Boo, 2011, for a

literature review on the heuristic). Therefore, we argue that anchoring and adjustment is

a suitable explanation for our reduced form function W (v2, ∆̃)). Formally, we incorporate

the distance between p2 and the reference price p1 as the behavioral mechanism into the

incentive constraint, u − pi + γ(p̃ − pi) ≥ 0, where γ(·) captures loss aversion (Wenner,

2015). Setting u = v2, pi = p2 and p̃ = p1 yields immediately W (v2, ∆̃)) = v2 + γ(∆) ≥ p2

with ∆ = p1 − p2.

6 Further Results

6.1 After-sales Competition (Sequential Buying)

We relax the lock-in assumption and allow for competition in the after-sales market. We

suppose the same setup as in the baseline model, but a fraction ρ ∈ (0, 1) of base good

buyers search for the cheapest add-on, while the fraction (1− ρ) stays loyal and purchases

the add-on from the same company. Firms know the distribution of loyal consumers but

cannot price discriminate. They choose prices p1 and p2 simultaneously and can commit

to add-on prices.40

In equilibrium, firms still choose between the non-exploiting strategy (p2 ≤ W (v2))

and the exploiting strategy (W (v2) < p2 ≤ W (v2,∆)), but mix over the choice of add-on

prices. To see this, consider the symmetric equilibria given in Lemma A.3. Since searching

consumers buy the add-on from the cheapest seller, a firm can profitably deviate by setting

a slightly lower price and capturing all non-loyal customers. The other extreme, marginal

cost pricing and earning zero after-sales profits, is also not optimal. Firms can always

just sell the add-on to the loyal consumers at the WTP of either classical or behavioral

40This assumption is merely for simplicity. The results do not change when p1 and p2 are chosen
sequentially. In any equilibria, firms mix their choice of p2, independently of simultaneous or sequential
price setting.
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consumers and make positive after-sales profits. Thus, there is mixing in add-on prices,

where firms must be indifferent between mixing, and potentially attracting some consumers

from the rival, or setting p2 ∈ {W (v2),W (v2,∆)}, and sell the add-on to only loyal (non-)

classical consumers. This result resembles the findings of Baye and Morgan (2001).

Therefore, the expected profit from the add-on market of a non-exploiting firm is given

by (1−ρ)Dj(·)W (v2). Similarly, an exploiting firm expects to earn α(1−ρ)Dj(·)W (v2, ∆̃))

in the aftermarket. These can be substituted into the profit function (1), which simplifies

the maximization problem greatly, and we can proceed as in the baseline model. Note that

the introduction of searching consumers is simply a rescaling and does not change the anal-

ysis qualitatively. Relaxing the lock-in assumption lowers not only the (expected) profits of

an exploiting firm but also of non-exploiting firms. Hence, the equilibria characterization

is identical to Lemma A.3 with following exception for p∗2:

Lemma 2.

(i) A non-exploiting firm draws an add-on price pn2 from a continuous and atomless price

distribution F n(pn2 ) with pn2 ∈ (pn
2
,W (v2)).

(ii) An exploiting firm draws prices an add-on price pe2 from a continuous and atomless

price distribution F e(pe2) with pe2 ∈ (max{pe
2
,W (v2)},W (v2, ∆̃))).

Importantly, the semi-elasticities εD and εW , and the price threshold ᾱp are (qualita-

tively) unchanged and we still have ᾱp > max{ᾱ, α̂}. Thus, the results from Lemma 1 and

Proposition 1 follow immediately. Therefore, our central finding that the presence of be-

havioral consumers can harm classical consumers does not rely on the lock-in assumption.

6.2 Unit Demand

We apply our framework to a model with unit base good demand and horizontal differen-

tiation, which is commonly used in the literature (e.g., Ellison, 2005; Gabaix and Laibson,

2006; Armstrong and Vickers, 2012; Heidhues and Kőszegi, 2017). The full analysis is

provided in Appendix C.5.

We find similar results as in the baseline model with imperfect competition. We show

that the equilibrium is alike as characterized in Lemma A.3 and the optimal base good

price p1 behaves similar to Lemma 1. Crucially, the main findings stated in Proposition 1

hold and are not affected by the different demand structure. When firms exploit behavioral

consumers, this can benefit or harm classical consumers.
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7 Conclusion

We study an after-sales market with behavioral consumers who are subject to an effect

that temporarily increases the WTP for the add-on. We show that several well-known

and studied mechanisms, such as relative thinking, proportional thinking, salience, mental

accounting or anchoring-and-adjustment, can motivate our reduced-form model. When

confronted with such behavior, firms face an incentive to increase the base good price.

We provide a novel result in the context of add-on selling and drip pricing: behavioral

consumers exert non-monotonic effects on the surplus of classical consumers when firms

compete imperfectly in the base good market. The direction of the impact depends on

the proportion of behavioral consumers in the population. A relatively equal mixture of

the two types in the population turns classical consumers worse off than in the benchmark

economy. These findings prompt the question of whether it is necessary to shield the

rational consumers from the errors and biases of others. However, when the proportion of

behavioral consumers is substantial, it can lead to an increase in the surplus of classical

consumers but at the expense of behavioral consumers, which can result in significant

distributional effects.

We use our model to assess the impact of some potential policies. Education poli-

cies that reduce the share of the behavioral consumer can increase consumer surplus but

could also decrease it. Similarly, exogenous price floors imposed in the base good market,

originally implemented with the intention of preventing loss leading, harms all consumers

remaining in the market. While classical consumers’ surplus is not jeopardized by the

behavioral consumer in a perfectly competitive market, competition comes along with a

distributional effect in which the behavioral type subsidizes the classical consumer.

Our model and findings could also be relevant in labor markets, organizational settings

and for gift-exchange (Akerlof, 1982; Fehr, Kirchsteiger, and Riedl, 1993; Hart and Moore,

2008; Azar, 2019). Experimental evidence suggests that low wages relative to past wages

decrease the labor supply (Bracha, Gneezy, and Loewenstein, 2015). Similarly, the flat

wage agreed-upon in a contract might represent the base good and serve as reference.

Consequently, workers might differently perceive and reciprocate the very same $1000

year-end bonus. A similar effect may play a role in meal allowances or other additional

employee benefits.

Our model comes along with some limitations. For example, we presume that firms
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have no choice in first offering a base good and then an add-on. Variations of our model

could investigate firms’ optimal pricing strategies and its consequences on welfare in prod-

uct design, such as Apffelstaedt and Mechtenberg (2021) do with context-sensitive con-

sumers. For example, due to behavioral consumers, decoupling a bundle product into a

base and extra good may increase demand, such as various studies have empirically shown

(Morwitz et al., 1998; Blake et al., 2021). Moreover, our model does not capture a set-

ting with mandatory add-ons, such as unavoidable surcharge fee’s (Rasch et al., 2020).

Future research could address this and extend our model to accommodate mandatory sur-

charges. Furthermore, we assume that the WTP of behavioral consumers for the add-on is

monotonously increasing in the price of the base good. A disproportionately high-priced

add-on, however, may be perceived as unfair (Herz and Taubinsky, 2017; Rabin, 1993;

Robbert and Roth, 2014). Fairness effects may impose an upper limit for the add-on

price. Finally, it would be valuable if future research could provide positive or negative

causal empirical evidence for our theoretical implications.
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A Auxiliary Results

To ease notation, we denote the first and second derivative of the base-good demand func-

tion with respect to its own price with D′j(p1,j, p1,−j) =
∂Dj(p1,j ,p1,−j)

∂p1,j
and D′′j (p1,j, p1,−j) =

∂2Dj(p1,j ,p1,−j)

∂p2
1,j

.

A.1 Non-exploiting strategy

Suppose firm j does not exploit and sets p2,j = W (v2). This implies Qj(p2,j, Dj(·)) =

Dj(p1,j, p1,−j) and the profit function (1) reduces to

πj(p1,j, p1,−j,W (v2)) =
[
p1,j +W (v2)

]
Dj(p1,j, p1,−j). (2)

Note that the optimization problem in the benchmark economy (α = 0) is identical to (2).

Maximizing this expression with respect to p1,j yields the first-order condition

Dj(p1,j, p1,−j) +D′j(p1,j, p1,−j)[p1,j +W (v2)] = 0

⇔ p1,j =
−Dj(p1,j, p1,−j)

D′j(p1,j, p1,−j)
−W (v2).

Substituting p1,j in expression (2) leads to

πj(p1,j, p1,−j,W (v2)) =
−Dj(p1,j, p1,−j)

2

D′j(p1,j, p1,−j)
.

Whether firm j sets pn1 or p̃n1 (α) depends on the action of firm −j. First, suppose firm −j

does not exploit. Then, both firms set

pn1 =
−D(pn1 , p

n
1 )

D′(pn1 , p
n
1 )
−W (v2)
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and obtain

πn = π(pn1 , p
n
1 ,W (v2)) =

−D(pn1 , p
n
1 )2

D′(pn1 , p
n
1 )

.

Observe that neither pn1 nor πn depend on α. Therefore, the symmetric non-exploiting

outcome is independent of the share of behavioral consumers. Further, the benchmark

outcome (α = 0) is identical since it has the same maximization problem. That is pn1 = pb1

and πn = πb. Now suppose firm −j exploits and sets p̃e1(α). Then, firm j sets

p̃n1 (α) =
−D(p̃n1 (α), p̃e1(α))

D′(p̃n1 (α), p̃e1(α))
−W (v2)

and obtains

π̃n = π (p̃n1 (α), p̃e1(α),W (v2)) =
−D(p̃n1 (α), p̃e1(α))2

D′(p̃n1 (α), p̃e1(α))
.

A.2 Exploiting strategy

Suppose firm j exploits and sets p2,j = W (v2, ∆̃)). This impliesQj(p2,j, Dj(·)) = αDj(p1,j, p1,−j)

and the profit function (1) reduces to

πj(p1,j, p1,−j,W (v2, ∆̃))) =
[
p1,j + αW (v2, ∆̃))

]
Dj(p1,j, p1,−j). (3)

Maximizing this expression with respect to p1,j yields the first-order condition

[1 + αW ′(v2, ∆̃)]Dj(p1,j, p1,−j) +D′j(p1,j, p1,−j)[p1,j + αW (v2, ∆̃))] = 0

⇔ p1,j =
−[1 + αW ′(v2, ∆̃)]Dj(p1,j, p1,−j)

D′j(p1,j, p1,−j)
− αW (v2, ∆̃)),

where W ′(v2, ∆̃) = ∂W (v2,∆̃))
∂p1,j

. Substituting p1,j in expression (3) leads to

πj(p1,j, p1,−j,W (v2, ∆̃))) =
−[1 + αW ′(v2, ∆̃)]Dj(p1,j, p1,−j)

2

D′j(p1,j, p1,−j)
.

Whether firm j sets pe1(α) or p̃e1(α) depends on the action of firm −j. First, suppose firm

−j exploits. Then, both firms set

pe1(α) =
−[1 + αW ′(v2, ∆̃)]D(pe1(α), pe1(α))

D′(pe1(α), pe1(α))
− αW (v2, ∆̃))
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and obtain

πe = π(pe1(α), pe1(α),W (v2, ∆̃))) =
−[1 + αW ′(v2, ∆̃)]D(pe1(α), pe1(α))2

D′(pe1(α), pe1(α))
.

Now suppose firm −j does not exploit and sets p̃n1 (α). Then, firm j sets

p̃e1(α) =
−[1 + αW ′(v2, ∆̃)]D(p̃e1(α), p̃n1 (α))

D′(p̃e1(α), p̃n1 (α))
− αW (v2, ∆̃))

and obtains

π̃e = π
(
p̃e1(α), p̃n1 (α),W (v2, ∆̃))

)
=
−[1 + αW ′(v2, ∆̃)]D(p̃e1(α), p̃n1 (α))2

D′(p̃e1(α), p̃n1 (α))
.

A.3 Derivatives

It is crucial for our analysis to understand how the base-good prices and profits react

to changes in α. Recall that Dj(p1,j, p1,−j) is a concave function and is strictly decreas-

ing in p1,j, which implies D′(·) < 0 and D′′(·) ≤ 0. Further, we have ∂Dj(p1,j ,p1,−j)
∂p1,−j

≥ 0

and ∂2Dj(p1,j ,p1,−j)
∂p1,j∂p1,−j

≥ 0, since base goods are strategic complements and demand is su-

permodular, and stronger own price elasticity implies
∣∣D′j(p1,j, p1,−j)

∣∣ > ∣∣∣∂Dj(p1,j ,p1,−j)
∂p1,−j

∣∣∣.
Finally, since W (v2, ∆̃)) is strictly increasing in all arguments and concave, we have

W ′(v2, ∆̃) = ∂W (v2,∆̃))
∂p1,j

> 0 and W ′′(v2,∆) = ∂2W (v2,∆̃))

∂p2
1,j

≤ 0. Given the assumptions

on D(·) and W (v2, ∆̃)), Lemma A.1 characterizes how profits and prices react to a change

of α.

Lemma A.1.

(a) pn1 and πn are constant in α.

(b) πe and π̃e are strictly increasing in α.

(c) pe1(α), p̃e1(α), p̃n1 (α) and π̃n are (i) strictly decreasing in α if εD > εW , (ii) strictly

increasing in α if εD < εW , and (iii) constant in α if εD = εW .

Proof. (a)

∂pn1
∂α

=

[
−D′(pn1 , pn1 )2

D′(pn1 , p
n
1 )2

+
D(pn1 , p

n
1 )D′′(pn1 , p

n
1 )

D′(pn1 , p
n
1 )2

]
∂pn1
∂α

⇔ ∂pn1
∂α

[
2− D(pn1 , p

n
1 )D′′(pn1 , p

n
1 )

D′(pn1 , p
n
1 )2

]
= 0
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Since D′′(·) ≤ 0, it must be that ∂pn1
∂α

= 0.

∂πn1
∂α

=
−2D(pn1 , p

n
1 )D′(pn1 , p

n
1 )2 +D(pn1 , p

n
1 )2D′′(pn1 , p

n
1 )

D′(pn1 , p
n
1 )2

∂pn1
∂α︸︷︷︸
=0

= 0.

(b) We characterize first ∂pe1(α)

∂α
, before we can derive ∂πe1

∂α
.

∂pe1(α)

∂α
= −

[
1 + 2αW ′(v2, ∆̃) +

αW ′′(v2,∆)D(pe1(α), pe1(α))

D′(pe1(α), pe1(α))

]
∂pe1(α)

∂α

+ (1 + αW ′(v2, ∆̃))
D(pe1(α), pe1(α))D′′(pe1(α), pe1(α))

D′(pe1(α), pe1(α))2

∂pe1(α)

∂α

−W (v2, ∆̃))− W ′(v2, ∆̃)D(pe1(α), pe1(α))

D′(pe1(α), pe1(α))

⇔ ∂pe1(α)

∂α
=

−W (v2, ∆̃))− W ′(v2,∆̃)D(pe1(α),pe1(α))

D′(pe1(α),pe1(α))

(1 + αW ′(v2, ∆̃))
(

2− D(pe1(α),pe1(α))D′′(pe1(α),pe1(α))

D′(pe1(α),pe1(α))2

)
+

αW ′′(v2,∆)D(pe1(α),pe1(α))

D′(pe1(α),pe1(α))

.

∂πe1
∂α

= D(pe1(α), pe1(α))

[
− W ′(v2, ∆̃)D(pe1(α), pe1(α))

D′(pe1(α), pe1(α))
− ∂pe1(α)

∂α

[
(1 + αW ′(v2, ∆̃))(

2− D(pe1(α), pe1(α))D′′(pe1(α), pe1(α))

D′(pe1(α), pe1(α))2

)
+
αW ′′(v2,∆)D(pe1(α), pe1(α))

D′(pe1(α), pe1(α))

]]
= D(pe1(α), pe1(α))W (v2, ∆̃)) > 0,

where the second equality follows from substituting ∂pe1(α)

∂α
. Before we derive ∂π̃e1

∂α
, we

need to characterize ∂p̃n1 (α)

∂α
and ∂p̃e1(α)

∂α
:

∂p̃n1 (α)

∂α
=


D(p̃n1 (α),p̃e1(α))

∂2D(p̃n1 (α),p̃e1(α))

∂p̃n1 (α)∂p̃e1(α)

D′(p̃n1 (α),p̃e1(α))2 −
∂D(p̃n1 (α),p̃e1(α))

∂p̃e1(α)

D′(p̃n1 (α),p̃e1(α))

2− D(p̃n1 (α),p̃e1(α))D′′(p̃n1 (α),p̃e1(α))

D′(p̃n1 (α),p̃e1(α))2


︸ ︷︷ ︸

=A

∂p̃e1(α)

∂α
.

Note that A ≥ 0 since D(·) is concave, supermodular, strictly decreasing in the first

argument and increasing in the second argument. Taking the derivative of p̃e1(α)

with respect to α yields
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∂p̃e1(α)

∂α

[
(1 + αW ′(v2, ∆̃))

[
2− D(p̃e1(α), p̃n1 (α))D′′(p̃e1(α), p̃n1 (α))

D′(p̃e1(α), p̃n1 (α))2

]
+
αW ′′(v2,∆)D(p̃e1(α), p̃n1 (α))

D′(p̃e1(α), p̃n1 (α))

]
= −W (v2, ∆̃))− W ′(v2, ∆̃)D(p̃e1(α), p̃n1 (α))

D′(p̃e1(α), p̃n1 (α))

+ (1 + αW ′(v2, ∆̃))

D(p̃e1(α), p̃n1 (α))
∂2D(p̃e1(α),p̃n1 (α))

∂p̃e1(α)∂p̃n1 (α)

D′(p̃e1(α), p̃n1 (α))2
−

∂D(p̃e1(α),p̃n1 (α))

∂p̃n1 (α)

D′(p̃e1(α), p̃n1 (α))


︸ ︷︷ ︸

=B

∂p̃n1 (α)

∂α
.

Note that B ≥ 0. Substituting ∂p̃n1 (α)

∂α
yields

∂p̃e1(α)

∂α
=

−W (v2, ∆̃))− W ′(v2,∆̃)D(p̃e1(α),p̃n1 (α))

D′(p̃e1(α),p̃n1 (α))

(1 + αW ′(v2, ∆̃))
[
2− D(p̃e1(α),p̃n1 (α))D′′(p̃e1(α),p̃n1 (α))

D′(p̃e1(α),p̃n1 (α))2 − AB
]

+
αW ′′(v2,∆)D(p̃e1(α),p̃n1 (α))

D′(p̃e1(α),p̃n1 (α))

.

Now we can take the derivative of π̃e1 with respect to α.

∂π̃e1
∂α

= D(p̃e1(α), p̃n1 (α))

[
− ∂p̃e1(α)

∂α

[
(1 + αW ′(v2, ∆̃))[

2− D(p̃e1(α), p̃n1 (α))D′′(p̃e1(α), p̃n1 (α))

D′(p̃e1(α), p̃n1 (α))2

]
+
αW ′′(v2,∆)D(p̃e1(α), p̃n1 (α))

D′(p̃e1(α), p̃n1 (α))

]

+
∂p̃n1 (α)

∂α
(1 + αW ′(v2, ∆̃))

D(p̃e1(α), p̃n1 (α))
∂2D(p̃e1(α),p̃n1 (α))

∂p̃e1(α)∂p̃n1 (α)

D′(p̃e1(α), p̃n1 (α))2
−

2
∂D(p̃e1(α),p̃n1 (α))

∂p̃n1 (α)

D′(p̃e1(α), p̃n1 (α))


︸ ︷︷ ︸

=C

− W ′(v2, ∆̃)D(p̃e1(α), p̃n1 (α))

D′(p̃e1(α), p̃n1 (α))

]
= D(p̃e1(α), p̃n1 (α))

[
− W ′(v2, ∆̃)D(p̃e1(α), p̃n1 (α))

D′(p̃e1(α), p̃n1 (α))
− ∂p̃e1(α)

∂α

[
(1 + αW ′(v2, ∆̃))[

2− D(p̃e1(α), p̃n1 (α))D′′(p̃e1(α), p̃n1 (α))

D′(p̃e1(α), p̃n1 (α))2
− AC

]
+
αW ′′(v2,∆)D(p̃e1(α), p̃n1 (α))

D′(p̃e1(α), p̃n1 (α))

]]
= D(p̃e1(α), p̃n1 (α))

[(
W (v2, ∆̃)) +

W ′(v2, ∆̃)D(p̃e1(α), p̃n1 (α))

D′(p̃e1(α), p̃n1 (α))

)
·

(1 + αW ′(v2, ∆̃))
[
2− D(p̃e1(α),p̃n1 (α))D′′(p̃e1(α),p̃n1 (α))

D′(p̃e1(α),p̃n1 (α))2 − AC
]

+
αW ′′(v2,∆)D(p̃e1(α),p̃n1 (α))

D′(p̃e1(α),p̃n1 (α))

(1 + αW ′(v2, ∆̃))
[
2− D(p̃e1(α),p̃n1 (α))D′′(p̃e1(α),p̃n1 (α))

D′(p̃e1(α),p̃n1 (α))2 − AB
]

+
αW ′′(v2,∆)D(p̃e1(α),p̃n1 (α))

D′(p̃e1(α),p̃n1 (α))
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− W ′(v2, ∆̃)D(p̃e1(α), p̃n1 (α))

D′(p̃e1(α), p̃n1 (α))

]
> 0

The inequality follows since 2− D(p̃e1(α),p̃n1 (α))D′′(p̃e1(α),p̃n1 (α))

D′(p̃e1(α),p̃n1 (α))2 −AC > 0 because
∣∣∣∂D2

j (·)
∂p2

1,j

∣∣∣ ≥
∂D2

j (·)
∂p1,j∂p1,−j

and
∣∣D′j(p1,j, p1,−j)

∣∣ > ∣∣∣∂Dj(p1,j ,p1,−j)
∂p1,−j

∣∣∣, and B < C implies

2− D(p̃e1(α), p̃n1 (α))D′′(p̃e1(α), p̃n1 (α))

D′(p̃e1(α), p̃n1 (α))2
− AB > 0.

Thus, the fraction on the second last line is strictly positive. Since W ′(v2,∆̃)D(p̃e1(α),p̃n1 (α))

D′(p̃e1(α),p̃n1 (α))
<

0, the result follows.

(c) First observe that, given our assumptions, the denominators of ∂pe1(α)

∂α
and ∂p̃e1(α)

∂α

are strictly positive. Whether the nominators are positive or negative depends on

whether εD or εW dominates.

∂pe1(α)

∂α
≤ 0

−W (v2, ∆̃))− W ′(v2, ∆̃)D(pe1(α), pe1(α))

D′(pe1(α), pe1(α))
≤ 0

−D
′(pe1(α), pe1(α))

D(pe1(α), pe1(α))
≥ W ′(v2, ∆̃)

W (v2, ∆̃))

εD ≥ εW .

Hence, it follows εD ≥ εW ⇔ ∂pe1(α)

∂α
≤ 0. Thus, pe1(α) is strictly decreasing if εD > εW ,

strictly increasing if εD < εW and constant if εD = εW .

The argument for ∂p̃e1(α)

∂α
and thus, p̃e1(α), is analogous. Observe that ∂p̃n1 (α)

∂α
≤ 0

if ∂p̃e1(α)

∂α
≤ 0 and strictly positive otherwise. Thus, the result for p̃n1 (α) follows

immediately.

Finally,

∂π̃n1
∂α

= −D(p̃n1 (α), p̃e1(α))

∂D(p̃n1 (α),p̃e1(α))

∂p̃e1(α)

D′(p̃n1 (α), p̃e1(α))︸ ︷︷ ︸
>0

∂p̃e1(α)

∂α
.

Hence, π̃n1 is strictly decreasing if εD > εW , strictly increasing if εD < εW and constant

if εD = εW .
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Lemma A.2 shows that the prices pe1(α), p̃e1(α) and p̃n1 (α), and thus π̃n1 , are monotonic in

α. For a given D(·) and W (v2, ∆̃)), the price functions are either increasing or decreasing

for all α ∈ [0, 1].

Lemma A.2. Fix D(·) and W (v2, ∆̃)). The base-good prices pe1(α), p̃e1(α) and p̃n1 (α) are

monotonic in the share of behavioral consumers α.

Proof. We provide the proof for pe1(α). The argument for p̃e1(α) and p̃n1 (α) are analogous.

Observe that

∂εD
∂pe1(α)

=
−D′′(pe1(α), pe1(α))D(pe1(α), pe1(α)) +D′(pe1(α), pe1(α))2

D(pe1(α), pe1(α))2
> 0

since D(p1,j, p1,−j) is concave, and

∂εW
∂pe1(α)

=
W ′′(v2,∆)W (v2, ∆̃))−W ′(v2, ∆̃)2

W (v2, ∆̃))2
< 0

since W (v2, ∆̃)) is concave.

First, suppose εD > εW at an initial share of behavioral consumers α0 ∈ [0, 1]. By

Lemma A.1, we have ∂pe1(α)

∂α
< 0. This implies, since ∂εD

∂pe1(α)
> 0 and ∂εW

∂pe1(α)
< 0, that εD and

εW are converging for α > α0 and diverging for α < α0.

Since εD and εW are converging for an increasing α, there exists a threshold value

ᾱ > α0 such that εD = εW . Note that ᾱ > 1 is possible. By Lemma A.1, we have
∂pe1(α)

∂α
= 0 when εD = εW . Hence, a further increase α > ᾱ does not change the optimal

base-good price pe1(α). But then it must be εD = εW for all α ≥ ᾱ and thus, pe1(α) is

constant in α for all α ≥ ᾱ and strictly decreasing in α for all α ∈ [α0, ᾱ).

Since εD and εW are diverging for a decreasing α, pe1(α) is a strictly decreasing function

for all α ∈ [0, α0]. Hence, pe1(α) is strictly decreasing in the domain α ∈ [0, ᾱ) and constant

in α for all α ≥ ᾱ, which implies that pe1(α) is monotonic for α ∈ [0, 1] if εD > εW at α0.

Now, suppose that εD < εW at an initial share of behavioral consumers α0 ∈ [0, 1]. By

Lemma A.1, we have ∂pe1(α)

∂α
> 0. This implies again that εD and εW are converging for

α > α0 and diverging for α < α0. Thus, we can apply the same argument as above. This

implies that pe1(α) is a strictly increasing function for all α ∈ [0, ᾱ) and constant in α for

all α ≥ ᾱ, which implies that pe1(α) is monotonic for α ∈ [0, 1] if εD < εW at α0.

42



Observe that the argument does not depend on the specific value of α0 and the state-

ments are true for any α0 ∈ [0, 1]. Therefore, pe1(α) must be monotonic in α. The argument

for p̃e1(α) and p̃n1 (α) follows immediately by replacing pe1(α).

A.4 Equilibrium

Lemma A.3 characterizes the Nash equilibria in pure strategies. We implicitly define the

unique profit threshold α̂ such that πn = π̃e when α = α̂. When εD > εW , we can also

implicitly define the unique threshold ᾱ such that π̃n = πe when α = ᾱ.41

Lemma A.3 (Equilibrium).

(a) Suppose εD > εW .

(i) If α < min{ᾱ, α̂}, then both firms do not exploit and set p∗1 = pn1 and p∗2 =

W (v2).

(ii) If α > max{ᾱ, α̂}, then both firms exploit and set p∗1 = pe1(α) and p∗2 =

W (v2, ∆̃)).

(iii) If ᾱ < α < α̂, then either both firms do not exploit or both firms exploit.

(iv) If α̂ < α < ᾱ, then firm j does not exploit and sets p∗1,j = p̃n1 (α) and p∗2,j =

W (v2), and firm −j exploits and sets p∗1,−j = p̃e1(α) and p∗2,−j = W (v2, ∆̃)).

(b) Suppose εD < εW .

(i) If α < α̂, then only symmetric equilibria exist.

(ii) If α > α̂, then symmetric exploiting and asymmetric equilibria exist.

In the case of (a), εD > εW , the symmetric non-exploiting equilibrium in (i) and the

symmetric exploiting equilibrium in (ii) are unique.42 In (iii), the best response of a firm

is to do the same as the rival, and in (iv), the best response is to do the opposite.43 Thus,

for intermediate values of α, we observe either multiple symmetric equilibria or multiple

asymmetric equilibria.
41When εD < εW , then both profits, π̃n and πe, are strictly increasing in α.
42If πn > π̃e and π̃n > πe, non-exploiting is the dominant strategy for both firms. Similarly, if πn < π̃e

and π̃n < πe, then exploiting is the dominant strategy.
43Lemma A.3 (a)(iii) also applies, when ᾱ = α < α̂ or ᾱ < α = α̂. When α̂ = α < ᾱ, then, next

to the asymmetrica equilibria, there exist also the symmetric non-exploiting equilibrium. Similarly, when
α̂ < α = ᾱ, then, next to the asymmetrica equilibria, there exist also the symmetric exploiting equilibrium.
In the special case of α = α̂ = ᾱ, any strategy is optimal since πn = πe = π̃n = π̃e.
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In part (b), when εD < εW , we observe a similar pattern of equilibria, but we cannot

characterize when a unique symmetric equilibrium emerges. For a low share of behavioral

consumers (i), either both firms do not exploit (when π̃n > πe) or there exists multiple

symmetric equilibria like in case (aiii). For a large α (ii), either both firms exploit, or an

asymmetric outcome emerges like in case (aiv).

A.5 Proof of Lemma A.3

We will first prove two intermediate result.

Lemma A.4 (Unique thresholds).

(i) The critical threshold α̂ is the unique solution to πn = π̃e and α < α̂⇔ πn > π̃e.

(ii) Suppose εD > εW . The critical threshold ᾱ is the unique solution to π̃n = πe and

α < ᾱ⇔ π̃n > πe.

Proof. (i) By Lemma A.1, πn is constant in α and π̃e is strictly increasing in α. Thus,

there exists a unique solution solved for α such that πn = π̃e and α < α̂⇔ πn > π̃e.

(ii) When εD > εW , then, by Lemma A.1, πe is strictly increasing in α and π̃n is decreas-

ing in α. Thus, there exists a unique solution solved for α such that π̃n = πe and

α < ᾱ⇔ π̃n > πe.

Lemma A.5 (Dominant strategies).

(i) Non-exploiting is the dominant strategy for both firms if πn > π̃e and π̃n > πe.

(ii) Exploiting is the dominant strategy for both firms if πn < π̃e and π̃n < πe.

Proof. (i) First, suppose that firm −j does not exploit. The best response of firm j

is to not exploit since πn > π̃e. Now suppose that firm −j does exploit. The best

response of firm j is to not exploit since π̃n > πe. Hence, in any case, the best

response is to not exploit and thus, the dominant strategy. The best response of firm

−j is similarly.

(ii) First, suppose that firm −j does not exploit. The best response of firm j is to exploit

since πn < π̃e. Now suppose that firm −j does exploit. The best response of firm j
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is to exploit since π̃n < πe. Hence, in any case, the best response is to exploit and

thus the dominant strategy. The best response of firm −j is similarly.

Now, we can proof the statements in Lemma A.3.

(a) (i) By Lemma A.4, we have πn > π̃e and π̃n > πe if α < min{ᾱ, α̂}. Hence, by

Lemma A.5, it is optimal for both firms to not exploit behavioral consumers,

and set p∗1 = pn1 and p∗2 = W (v2).

(ii) By Lemma A.4, we have πn < π̃e and π̃n < πe if α > max{ᾱ, α̂}. Hence, by

Lemma A.5, it is optimal for both firms to exploit behavioral consumers, and

set p∗1 = pe1(α) and p∗2 = W (v2, ∆̃)).

(iii) By Lemma A.4, we have πn > π̃e and π̃n < πe if ᾱ < α < α̂. Suppose that

firm −j does not exploit. The best response of firm j is to not exploit since

πn > π̃e. Now suppose that firm −j does exploit. The best response of firm j

is to exploit since π̃n < πe. Hence, the best response of firm j is to do the same

as firm −j. The best response of firm −j is similarly. Thus, there exists two

Nash equilibria in pure strategies {(not exploit, not exploit),(exploit,exploit)}.

(iv) By Lemma A.4, we have πn < π̃e and π̃n > πe if α̂ < α < ᾱ. Suppose that firm

−j does not exploit. The best response of firm j is to exploit since πn < π̃e.

Now suppose that firm −j does exploit. The best response of firm j is to not

exploit since π̃n > πe. Hence, the best response of firm j is to do the opposite

as firm −j. The best response of firm −j is similarly. Thus, there exists two

Nash equilibria in pure strategies {(not exploit, exploit),(exploit, not exploit)}.

(b) (i) By Lemma A.4, we have πn > π̃e. If π̃n > πe, then by Lemma A.5, it is optimal

for both firms to not exploit behavioral consumers. Thus, the unique symmetric

non-exploiting equilibrium emerges. Otherwise, if π̃n < πe, case (a)(iii) arises

and the best response of firm j is to do the same as firm −j. Thus, multiple

symmetric equilibria emerge. In either case, only symmetric equilibria exist.

(ii) By Lemma A.4, we have πn < π̃e. If π̃n < πe, then by Lemma A.5, it is optimal

for both firms to exploit behavioral consumers. Thus, the unique symmetric

exploiting equilibrium emerges. Otherwise, if π̃n > πe, case (a)(iv) arises and

the best response of firm j is to do the opposite as firm −j. Thus, multiple
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asymmetric equilibria emerge. The symmetric non-exploiting equilibrium does

not exist if α > α̂.

B Proofs Main Results

B.1 Proof of Lemma 1

First,

pn1 = pe1(α) ⇔ α =
W (v2)

W (v2, ∆̃)) +

∂W (v2,∆̃))
∂p∗1,j

D(p∗1,j, p
∗
1,−j)

D′(p∗1,j, p
∗
1,−j)

= ᾱp.

Further, observe that pn1 = p̃n1 (α) implies D(pn1 , p
n
1 ) = D(p̃n1 (α), p̃e1(α)). But then it must

be pn1 = p̃e1(α) when pn1 = p̃n1 (α). Similarly, pe1(α) = p̃e1(α) implies D(pe1(α), pe1(α)) =

D(p̃e1(α), p̃n1 (α)). But then it must be pe1(α) = p̃n1 (α) when pe1(α) = p̃e1(α). Combining

these two statements implies pn1 = p̃n1 (α) = p̃e1(α) = pe1(α), which is true when α = ᾱp.

In the benchmark economy (α = 0) only the non-exploiting strategy is possible, which

implies pb1 = pn1 . Hence, pb1 = pn1 = pe1(ᾱp) = p̃n1 (ᾱp) = p̃e1(ᾱp).

(i) εD > εW implies ᾱp > 0. Further, by Lemma A.1, the prices pe1(α), p̃n1 (α) and p̃e1(α)

are decreasing in α when εD > εW and pb1 = pn1 are constant in α. Hence, for any

α ∈ (min{ᾱ, α̂}, ᾱp), it follows p∗1 ∈ {pe1(α), p̃n1 (α), p̃e1(α)} > pb1, and for any α > ᾱp

it follows p∗1 ∈ {pe1(α), p̃n1 (α), p̃e1(α)} < pb1.

(ii) εD < εW implies ᾱp < 0. By Lemma A.1, the prices pe1(α), p̃n1 (α) and p̃e1(α) are

increasing in α when εD < εW and pb1 = pn1 are constant in α. Hence, for any

α > 0 > ᾱp, it follows p∗1 ∈ {pe1(α), p̃n1 (α), p̃e1(α)} > pb1.

B.2 Proof of Proposition 1

Lemma B.1. Suppose εD > εW . The price threshold is larger than any profit threshold,

max{α̂, ᾱ} < ᾱp.
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Proof. Suppose α = ᾱp. Hence, pn1 = pe1(ᾱp) = p̃n1 (ᾱp) = p̃e1(ᾱp). It follows

πn =
−D(pn1 , p

n
1 )2

D′(pn1 , p
n
1 )

<
−[1 + αW ′(v2, ∆̃)]D(p̃e1(ᾱp), p̃

n
1 (ᾱp))

2

D′(p̃e1(ᾱp), p̃n1 (ᾱp))
= π̃e,

since pn1 = p̃n1 (ᾱp) = p̃e1(ᾱp) and W ′(v2, ∆̃) > 0. By Lemma A.4, it must be α > α̂ when

πn < π̃e. Thus, ᾱp > α̂.

Further, we have

π̃n =
−D(p̃n1 (ᾱp), p̃

e
1(ᾱp))

2

D′(p̃n1 (ᾱp), p̃e1(ᾱp))
<
−[1 + αW ′(v2, ∆̃)]D(pe1(ᾱp), p

e
1(ᾱp))

2

D′(pe1(ᾱp), pe1(ᾱp))
= πe,

since pe1(ᾱp) = p̃n1 (ᾱp) = p̃e1(ᾱp) and W ′(v2, ∆̃) > 0. By Lemma A.4, it must be α > ᾱ

when π̃n < πe. Thus, ᾱp > ᾱ. Hence, max{α̂, ᾱ} < ᾱp.

We denote the utility a consumer receives from the base good with v1. The surplus

of a classical consumer in the benchmark economy (α = 0) is given by Uc = v1 − p1 +

W (v2)− p2 = v1− pb1 since p2 = W (v2) in any benchmark (and symmetric non-exploiting)

equilibrium. Hence, not consuming the add-on does not decrease the surplus of a classical

consumer. A classical consumer benefits, compared to the benchmark, from the presence

of behavioral consumers when p∗1 < pb1. Otherwise, when p∗1 > pb1, classical consumers are

harmed.

(a) Since pn1 = pb1 in any symmetric non-exploiting equilibrium, the surplus of a classical

consumer is the same as in the benchmark. Hence, they are unaffected by the

presence of behavioral consumers. Further, the market is unchanged since prices are

identical to the benchmark.

(b) (i) By Lemma A.3, there exists symmetric exploiting equilibria with p∗1 = pe1(α) for

α > min{ᾱ, α̂}. By Lemma 1, we have pe1(α) > pb1 for α ∈ (min{ᾱ, α̂}, ᾱp), which

reduces a classical consumer’s surplus compared to the benchmark. Thus, classical

consumers are harmed by the presence of behavioral consumers. Lemma B.1 proofs

that α ∈ (min{α̂, ᾱ}, ᾱp) exists. By Lemma 1, we have pe1(α) < pb1 for all α > ᾱp,

which increases a classical consumer’s surplus compared to the benchmark. Thus,

classical consumers benefit by the presence of behavioral consumers.

(ii) By Lemma A.3, asymmetric equilibria exist only if α̂ < α < ᾱ. Therefore,

by Lemma B.1, we have α < ᾱp in any asymmetric equilibrium, which implies, by
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Lemma 1, p̃n1 (α) > pb1 and p̃e1(α) > pb1. Hence, regardless from which firm classical

consumers buy the base good, their surplus is lower compared to the benchmark.

Thus, classical consumers are harmed by the presence of behavioral consumers in

any asymmetric equilibrium.

(c) By Lemma A.3, there exists symmetric exploiting equilibria and asymmetric equi-

libria. By Lemma 1, we have p∗1 ∈ {pe1(α), p̃n1 (α), p̃e1(α)} > pb1 for all α. Hence, a

classical consumer’s surplus is lower compared to the benchmark in any symmet-

ric exploiting equilibrium or asymmetric equilibrium. Thus, classical consumers are

harmed by the presence of behavioral consumers.

B.3 Proof of Proposition 2

(a) The surplus of a behavioral consumer, when the behavioral effect does not increase

the add-on utility, is given by Ub = v1− p1 +W (v2)− p2, where v1 denotes the gross

utility received from the base good. The surplus of a behavioral consumer, when the

behavioral effect increases the add-on utility, is given by Ũb = v1−p1+W (v2, ∆̃))−p2.

(i) The condition that behavioral consumers are worse off by exploitation is inde-

pendent of whether Ub or Ũb applies:

UNE
b = v1 − pn1 +W (v2)− p2 > v1 − pe1(α) +W (v2)− p2 = UE

b

⇔ pe1(α) > pn1 +W (v2)−W (v2, ∆̃)) (4)

ŨNE
b = v1 − pn1 +W (v2, ∆̃))− p2 > v1 − pe1(α) +W (v2)− p2 = ŨE

b

⇔ pe1(α) > pn1 +W (v2)−W (v2, ∆̃)) (5)

Observe that the term W (v2, ∆̃)) in (4) and (5) is different because in the

former, the reference price is pe1(α) and in the latter pn1 . However, we show

that the condition is satisfied for any reference price. The condition pe1(α) >

pn1 +W (v2)−W (v2, ∆̃)) holds for all α ∈ [0, 1]. It is immediate to see that the

condition is satisfied when α ≤ ᾱp, which implies pe1(α) ≥ pn1 by Lemma 1, and

sinceW (v2) < W (v2, ∆̃)). For asymmetric equilibria, we just need to substitute

pe1(α) with p̃n1 (α) or p̃e1(α), respectively. The condition is always satisfied since
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asymmetric equilibria only exist for α < ᾱp and p̃n1 (α) ≥ pn1 and p̃e1(α) ≥ pn1

when α ≤ ᾱp.

When α > ᾱp, which implies pe1(α) < pn1 , we need an intermediate step. Observe

that

[1 + αW ′(v2, ∆̃)]D(pe1(α), pe1(α))

−D′(pe1(α), pe1(α))
>

D(pn1 , p
n
1 )

−D′(pn1 , pn1 )
(6)

α >

D(pn1 ,p
n
1 )

−D′(pn1 ,pn1 )

−D′(pe1(α),pe1(α))

D(pe1(α),pe1(α))
− 1

W ′(v2, ∆̃)
=

εD(e)

εD(n)
− 1

W ′(v2, ∆̃)

α ≥ 0 >

εD(e)

εD(n)
− 1

W ′(v2, ∆̃)
,

where D(s) = D(ps1, p
s
1) for s = n, e. The last inequality follows from the fact

that ∂εD
∂p1

> 0 when εD > εW by the proof of Lemma A.2. Thus, we have

εD(n) > εD(e) when pe1(α) < pn1 , which implies εD(e)

εD(n)
− 1<0.

Now, we use the property of inquality (6) to show that pe1(α) < pn1 + W (v2) −

W (v2, ∆̃)) never holds for α ∈ [0, 1].

pe1(α) < pn1 +W (v2)−W (v2, ∆̃))

[1 + αW ′(v2, ∆̃)]D(pe1(α), pe1(α))

−D′(pe1(α), pe1(α))
− αW (v2, ∆̃)) <

D(pn1 , p
n
1 )

−D′(pn1 , pn1 )
−W (v2, ∆̃))

α >

[1+αW ′(v2,∆̃)]D(pe1(α),pe1(α))

−D′(pe1(α),pe1(α))
− D(pn1 ,p

n
1 )

−D′(pn1 ,pn1 )

W (v2, ∆̃))︸ ︷︷ ︸
>0

+1 > 1,

which is a contradiction for any α ∈ [0, 1]. Hence, it must be pe1(α) > pn1 +

W (v2)−W (v2, ∆̃)) for any α ∈ [0, 1], which implies that behavioral consumers

are always better off in a non-exploiting equilibrium (or benchmark economy)

than in an exploiting equilibrium.

(ii) Total consumer surplus is larger in a symmetric non-exploiting equilibrium when

CSNE > CSE(α)− αD(·)[W (v2, ∆̃))−W (v2)]

⇔ αD(·)[W (v2, ∆̃))−W (v2)] > CSE(α)− CSNE
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By Lemma 1 we have pe1(α) ≥ pn1 when α ≤ ᾱp, which implies D(pe1(α), pe1(α)) ≤

D(pn1 , p
n
1 ). Thus, it must be CSE(α) ≤ CSNE which implies αD(·)[W (v2, ∆̃))−

W (v2)] > 0 ≥ CSE(α)− CSNE since W (v2, ∆̃)) > W (v2).

(b) When εD < εW , then by Lemma 1 we have pe1(α) > pn1 . Following the argument of

part (a), behavioral consumers are always better off in a non-exploiting equilibrium

when pe1(α) > pn1 , which is always the case when firms exploit.

Further, pe1(α) > pn1 implies again CSE(α) < CSNE and thus, total consumer surplus

is always lower under exploitation

C Further Results

C.1 Monopoly and Perfect Competition

Suppose that base goods are perfectly differentiated, then each firm is a monopolist in its

respective base-good market. Further, suppose that D(p1) is strictly decreasing, twice

continuously differentiable, limp1→∞D(p1) = 0 and satisfies D(p1)D′′(p1) < 2D′(p1)2.

Observe that the monopolist’s maximization problem is similar to equation (1) with-

out p1,−j, and yields πn = π(pn1 ,W (v2)) when choosing the non-exploiting strategy and

πe = π(pe1(α),W (v2, ∆̃))) when choosing the exploiting strategy. Note that the profits and

prices are similar to the symmetric outcomes with two firms. Therefore, we can directly

apply Lemma A.1 and Lemma A.2, which implies that πn is constant in α and πe strictly

increasing in α. Define the profit threshold α̂ such that πn = πe.

Lemma C.1.

(i) If α < α̂, then the monopolist does not exploit and sets p∗1 = pn1 and p∗2 = W (v2).

(ii) If α > α̂, then the monopolist exploits and sets p∗1 = pe1(α) and p∗2 = W (v2, ∆̃)).

Proof. The proof is analogous to the proof of Lemma A.3.

The remainder of the analysis is similar to the baseline model with two firms. The

critical price threshold ᾱp is unchanged. Therefore, Lemma 1 without asymmetric prices

follows immediately. Further, analogous to Lemma B.1, we have α̂ < ᾱp. Thus, Proposi-

tion C.1 (a) and (b) below follow and is analogous to Proposition 1 and 2.

50



Proposition C.1 (Monopoly and perfect competition).

(a) Under a monopolist, the presence of behavioral consumers harms classical consumers

in any exploiting equilibrium except if α > ᾱp and εD > εW . Classical consumers are

unaffected in any non-exploiting equilibrium.

(b) Behavioral consumers are worse off when a monopolist exploits them. For εD > εW ,

total consumer surplus is strictly lower when αD(·)[W (v2, ∆̃))−W (v2)] > CSE(α)−

CSNE. The condition is always satisfied for α ≤ ᾱp. For εD < εW , total consumer

surplus is strictly lower when a monopolist exploits.

(c) Classical consumers are never harmed by the presence of behavioral consumers under

perfect price competition. Classical consumers benefit in any symmetric exploiting

equilibrium and are unaffected in any symmetric non-exploiting equilibrium.

Proof. (a) The proof is analogous to the proof to Proposition 1.

(b) The proof is analogous to the proof to Proposition 2.

(c) Firms must earn zero profits under perfect competition implying p1,jD(·) = −p2Q(·).

Further, they must offer the lowest price given the zero profit constraint. Otherwise,

firms would face zero demand. Thus, it must be p∗1 = min{−W (v2),−αW (v2, ∆̃))}.

Hence, it is optimal to exploit behavioral consumers only if αW (v2, ∆̃)) > W (v2).

The unique symmetric exploiting equilibrium exists if and only if α > W (v2)

W (v2,∆̃))
. Oth-

erwise, when α < W (v2)

W (v2,∆̃))
, the unique symmetric non-exploiting equilibrium exists.

In the benchmark economy with α = 0, firms choose p2 = W (v2) and pb1 = −W (v2).

Thus, in any symmetric non-exploiting equilibrium, firms set pn1 = pb1 = −W (v2)

and classical consumers are unaffected by the presence of behavioral consumers. In

any exploiting equilibrium, it must be pe1 = −αW (v2, ∆̃)) < −W (v2) = pb1. Hence,

classical consumers have to pay strictly less in any exploiting equilibrium than in the

benchmark and thus, benefit. Lastly, there exist no profitable deviations for firms.

Changing p2 leads to less add-on revenues and thus, a higher p1 and zero base-good

demand. Increasing p1 leads to zero demand and thus zero profits. Decreasing p1

would lead to negative profits.
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C.2 Proof of Proposition 3

(a) The surplus of a classical and behavioral consumer are characterized in the proof of

Proposition 1 and 2, and given by Uc, Ub and Ũb, respectively.

(i) Observe that ∂pe1(α)

∂α
< 0 when εD > εW by Lemma A.1. By definition, the

ex-post equilibrium is identical to the ex-ante equilibrium when the policy is

ineffective and firms still set pe1(α). Denote with α′ the share of behavioral

consumers ex-ante and with α′′ < α′ the share ex-post. Since α′′ < α′ and
∂pe1(α)

∂α
< 0, we have pe1(α′′) > pe1(α′). Since ∂W (v2,∆̃))

∂p1
> 0, the add-on price

p∗2 = W (v2, ∆̃)) also increases ex-post. Observe that the add-on surplus is

unaffected for classical consumers and worse for behavioral consumers ex-post.

The base-good surplus for any type is strictly lower ex-post since v1 is unchanged

and p1 is strictly larger. Hence, behavioral and classical consumers are worse off

by an ineffective policy. Educated consumers enjoy an increased add-on surplus

from not buying anymore, p2−W (v2) = W (v2, ∆̃)−W (v2). Hence, they benefit

if W (v2, ∆̃)−W (v2) > pe1(α′′)− pe1(α′). Otherwise, they are worse off.

Note that if Ũb = v1−p1+W (v2, ∆̃)−p2 applies, the effect of an ineffective policy

on behavioral and educated consumers is similar to that on classical consumers

as all three types obtain zero add-on surplus before and after the policy.

(ii) We first prove the result for classical consumers. By definition, an effective

policy leads to a non-exploiting equilibrium ex-post with p∗1 = pn1 = pb1 and

p∗2 = W (v2). The add-on surplus remains at zero since p∗2 = W (v2). Hence, a

classical consumer benefits from an effective policy when pe1(α′) > pb1, which, by

Proposition 1, is the case when the ex-ante equilibrium was harmful. Similarly,

when the ex-ante equilibrium was beneficial, which implies pe1(α′) < pb1, then a

classical consumer is worse off ex-post.

The condition that behavioral consumers benefit from an effective policy is

independent of whether Ub or Ũb applies and is identical to the condition in

the proof of Proposition 2. It must be pe1(α′) > pn1 + W (v2) −W (v2, ∆̃)) for

any α ∈ [0, 1], which implies that the surplus of behavioral consumer in the

benchmark economy (or non-exploiting equilibrium) is always larger than in

the exploiting equilibrium. Therefore, any effective policy benefits behavioral

consumers.
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Similarly, for educated consumers given our welfare specification. They benefit

when

UNE
c > UE

b (α′)

v1 − pn1 +W (v2)− p2 > v1 − pe1(α′) +W (v2)− p2

pe1(α′) > pn1 +W (v2)−W (v2, ∆̃),

which is the same condition as for behavioral consumers.

Note that if Ũb applies, then educated consumers benefit only if pe(α′) > pn1

because the add-on surplus is zero ex-ante and ex-post. Education reduces

the perceived utility of the add-on from W (v2, ∆̃) to W (v2). In this case, the

condition that educated consumers benefit from an effective policy is identical

to the one of classical consumers.

(b) When εD > εW , then by Lemma A.1, pe1(α) is increasing in α. Thus, any decrease in

α reduces base-good and add-on prices. Therefore, any policy must be beneficial for

consumers.

C.3 Proof of Proposition 4

(i) A binding price floor implies p∗1 ∈ {pe1(α), p̃n1 (α), p̃e1(α)} < p
1
. Since ∂W (v2,∆̃))

∂p1
> 0

and p∗2 = W (v2, ∆̃)) for any exploiting firm, the add-on price increases.

(ii) Since D′(·) < 0 and |D′(p1,j, p1,−j)| >
∣∣∣∂Dj(p1,j ,p1,−j)

∂p1,−j

∣∣∣, p∗1 < p
1
implies D(p∗1,j, p

∗
1,−j) >

D(p
1
,max{p∗1,−j, p1

}).

The surplus of a classical and behavioral consumer are characterized in the proof of

Proposition 1 and 2, and given by Uc, Ub and Ũb, respectively. We can observe imme-

diately that all consumers remaining in the market are worse since they have to pay

a higher p1. Classical consumers who do not buy anymore are worse off since it must

be v1 − p∗1 ≥ 0 > v1 − p
1
. Behavioral consumers who do not buy anymore benefit if

Ub = v1 − p∗1 +W (v2)−W (v2, ∆̃) < 0. Otherwise, they are harmed.
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C.4 Sequential Buying

Observe that the equilibrium entails mixing of p2 with searching consumers. Depending on

the chosen strategy, setting the monopolistic add-on price p2 ∈ {W (v2),W (v2, ∆̃)} with

probability 1 is not optimal. A firm can profitably deviate by setting a slightly lower

add-on price and capture the add-on demand of all searching consumers. The expected

profit of a non-exploiting firm is given by

Eπnj (p1,j, p1,−j, p
n
2 ) = p1,jDj(·) + (1− ρ)Dj(·)pn2 + ρ[1− F n(pn2 )][Dj(·) +D−j(·)]pn2 .

The term 1 − F n(pn2 ) denotes the probability to set a lower add-on price than the com-

petitor. The expected profit of an exploiting firm is given by

Eπej (p1,j, p1,−j, p
e
2) = p1,jDj(·) + α(1− ρ)Dj(·)pe2 + αρ[1− F e(pe2)][Dj(·) +D−j(·)]pe2.

Firms can always obtain positive add-on profits by selling the add-on to loyal consumers

at p2 ∈ {W (v2),W (v2, ∆̃))}, and earn (1 − ρ)Dj(·)W (v2) and α(1 − ρ)Dj(·)W (v2, ∆̃)),

respectively, in the aftermarket. Therefore, firms must be indifferent between mixing and

just selling to loyal consumers at the monopolistic price. We show in the proof of Lemma 2

below that F n(W (v2)) = 1 and F e(W (v2, ∆̃))) = 1. This allows us to rewrite the expected

profits accordingly

Eπnj (p1,j, p1,−j,W (v2)) = [p1,j + (1− ρ)W (v2)]Dj(·),

Eπej (p1,j, p1,−j,W (v2, ∆̃))) = [p1,j + α(1− ρ)W (v2, ∆̃))]Dj(·).

Observe that the maximization problems are very similar to the baseline model and identi-

cal when ρ = 0. Thus, we can proceed like in the baseline model and derive the base-good

prices and profits in the three different outcomes. The results of Lemma A.1 and Lemma

A.2 are very similar, we only need to adjust properly for the term (1−ρ). Further, the equi-

librium structure is identical to Lemma A.3, with the only difference that firms mix over

p2 instead of setting an add-on price with probability 1, which we will prove below. The

result of Lemma 1 is unchanged and we still have max{α̂, ᾱ} < ᾱp. Therefore, Propositions

1 and 2 follow immediately. The derivations and proofs are available on request.
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C.4.1 Proof of Lemma 2

(i) A non-exploiting firm must be indifferent between mixing over p2 and setting p2 =

W (v2). Thus, we can derive the equilibrium price distribution F n(pn2 )

Eπnj (p1,j, p1,−j, p
n
2 ) = Eπnj (p1,j, p1,−j,W (v2))

(1− ρ)Dj(·)pn2 + ρ[1− F n(pn2 )][Dj(·) +D−j(·)]pn2 = (1− ρ)Dj(·)W (v2)

F n(pn2 ) = 1− (1− ρ)Dj(·)[W (v2)− pn2 ]

ρ[Dj(·) +D−j(·)]pn2
.

The upper bound is given by W (v2)

F n(W (v2)) = 1− (1− ρ)Dj(·)[W (v2)−W (v2)]

ρ[Dj(·) +D−j(·)]W (v2)
= 1.

Set F n(pn2 ) = 0 to obtain the lower bound pn
2

F n(pn
2
) = 0

(1− ρ)Dj(·)[W (v2)− pn
2
] = ρ[Dj(·) +D−j(·)]pn2

pn
2

=
(1− ρ)Dj(·)W (v2)

Dj(·) + ρD−j(·)
.

We can easily verify that Eπnj (p1,j, p1,−j, p
n
2
) = Eπnj (p1,j, p1,−j,W (v2)), which implies

that firms obtain the same expected profit for all prices on the equilibrium support.

The price distribution F n(pn2 ) is continuous and atomless since D(·) is continuous,

W (v2) is constant, and ∂Fn(pn2 )

∂pn2
> 0. For a detailed proof see Baye and Morgan

(2001).

(ii) The proof is analogous to part (i). We simply have to replace pn2 with pe2 and W (v2)

with W (v2, ∆̃)). Note that an exploiting firm must set an add-on price pe2 > W (v2).

Therefore, the lower bound is given by max{pe
2
,W (v2)}. It is easily verifiable that

Eπej (p1,j, p1,−j,W (v2)) = Eπej (p1,j, p1,−j,W (v2, ∆̃))) when pe
2
< W (v2).

C.5 Unit Demand

We use a Hotelling model to analyze the unit demand case with classical and behavioral

consumers, which are uniformly distributed on the interval [0, 1]. Consumers buy at most
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one unit of the base good with valuation v1 at price p1. We suppose that v1 is sufficiently

large. Two firms are located at each extreme, l ∈ {0, 1}. They sell identical main products

and add-ons, and produce at similar marginal costs c and zero, respectively. Without loss

of generality, assume that firm j is located at l = 0 and firm −j at l = 1. Buying a

good imposes transportation costs t on the consumer. The rest of the setup is identical

to the baseline model in Section 2, but we use an explicit WTP function W (v2, ∆̃)) =

v2βi(1 + p1 − p2) with βi ∈ {0, 1}.

C.5.1 Aftermarket

In the last stage, after buying the base good, consumers can buy an add-on with valuation

v2 at price p2. A classical consumer (β = 0) buys the add-on when v2 ≥ p2 and a behavioral

consumer (β = 1) buys when v2(1+p1)
1+v2

≥ p2. Similar to the baseline model, firms extract the

entire rent and choose p∗2 ∈ {v2,
v2(1+p1)

1+v2
} in equilibrium. Therefore, the add-on demand is

given by Qj(p2,j, Dj(p1,j, p1,−j)) = {Dj(·), αDj(·)}.

C.5.2 Firm’s Problem

The base-good demand of either firm is determined by the indifferent consumer x̄, who is

located at x̄ = 1
2

+
p1,−j−p1,j

2t
. The demand and profit functions of firm j are given by

Dj(p1,j, p1,−j) = x̄ =
1

2
+
p1,−j − p1,j

2t
,

πj(p1,j, p1,−j, p2,j) =
[
p1,j − c

] [1

2
+
p1,−j − p1,j

2t

]
+Qj(p2,j, Dj(.))p2,j.

The base-good prices and firm profits in the symmetric non-exploiting and symmetric

exploiting outcome are given by

pn1 = t+ c− v2, πn = π(pn1 , p
n
1 , v2) =

t

2

pe1 = t+
c− αv2

1+v2

1 + αv2

1+v2

, πe = π

(
pe1, p

e
1,
v2(1 + pe1)

1 + v2

)
=
t

2

(
1 +

αv2

1 + v2

)

We can observe immediately that πe > πn for all α > 0.44 The reason for this is the

covered market assumption, which is often used in Hotelling models. However, possible

asymmetric strategies enable the existence of symmetric non-exploiting equilibria.

44It can be shown that the introduction of behavioral consumers does not affect the optimal location
of a firm.
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The prices and profits in asymmetric outcomes are

p̃n1 = t+
2(c− v2)

3
+

c− αv2

1+v2

3(1 + αv2

1+v2
)

p̃e1 = t+
c− v2

3
+

2(c− αv2

1+v2
)

3(1 + αv2

1+v2
)

π̃n = π (p̃n1 , p̃
e
1, v2) =

1

2t

[
t+

v2(1 + v2 + α(v2 − 1− c))
3(1 + v2(1 + α))

]2

π̃e = π

(
p̃e1, p̃

n
1 ,
v2(1 + p̃e1)

1 + v2

)
=

[
t(1 + v2(1 + α))− 1

3
v2(1 + v2 + α(v2 − 1− c))

]2
2t(1 + v2)(1 + v2(1 + α))

.

Note that demands under asymmetric strategies can be negative. We focus on interior

solutions and assume that D(p̃n1 , p̃
e
1) > 0 and D(p̃e1, p̃

n
1 ) > 0.

C.6 Equilibrium

The equilibria characterization is similar to Lemma A.3.45

Lemma C.2.

(i) If α < min{ᾱ, α̂}, then both firms do not exploit and set p∗1 = pn1 and p∗2 = v2 .

(ii) If α > max{ᾱ, α̂}, then both firms exploit and set p∗1 = pe1 and p∗2 =
v2(1+pe1)

1+v2
.

(iii) If ᾱ < α < α̂, then either both firms do not exploit symmetrically or both firms

exploit symmetrically.

(iv) If α̂ < α < ᾱ, then firm j does not exploit and sets p∗1 = p̃n1 and p∗2 = v2, and firm

−j exploits and sets p∗1 = p̃e1 and p∗2 =
v2(1+pe1)

1+v2
.

Proof. The proof is analogeous to the proof of Lemma A.3. Note that ∂π̃n

∂α
< 0. Thus, the

threshold ᾱ exists. Further, we have πn > π̃e and π̃n > πe when α = 0. Since ∂πn

∂α
= 0,

∂πe

∂α
> 0, ∂π̃e

∂α
> 0, and ∂π̃n

∂α
< 0, the thresholds α̂ and ᾱ must be unique.

The critical price threshold is given by ᾱp = 1+v2

1+c−v2
. This leads to the following result

similar to Lemma1.

Lemma C.3.

45If D(p̃n1 , p̃
e
1) = 0 or D(p̃e1, p̃

n
1 ) = 0, only symmetric equilibria exists.
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(i) Suppose 1 + c > v2. If α ∈ (min{ᾱ, α̂}, ᾱp), then the base good is more expensive

in any symmetric exploiting or asymmetric equilibrium than in the benchmark. If

α > ᾱp, then the base good is cheaper in any symmetric exploiting equilibrium.

(ii) Suppose 1 + c < v2. The base good is always more expensive in any symmetric

exploiting or asymmetric equilibrium than in the benchmark.

Proof. (i)

α <
1 + v2

1 + c− v2

= ᾱp

⇔ c+ αv2(1 + c− v2) < c+ v2(1 + v2)

⇔ (c− v2)

(
1 +

αv2

1 + v2

)
< c− αv2

1 + v2

⇔ t+ c− v2 < t+
c− αv2

1+v2

1 + αv2

1+v2

⇔ pb1 < pe1

α <
1 + v2

1 + c− v2

⇔ 1

3
(c− v2) <

c− αv2

1+v2

3(1 + αv2

1+v2
)

⇔ t+ c− v2 < t+
2(c− v2)

3
+

c− αv2

1+v2

3(1 + αv2

1+v2
)

⇔ pb1 < p̃n1

α <
1 + v2

1 + c− v2

⇔ 2(c− v2) <
2(c− αv2

1+v2
)

3(1 + αv2

1+v2
)

⇔ t+ c− v2 < t+
c− v2

3
+

2
(
c− αv2

1+v2

)
3(1 + αv2

1+v2
)

⇔ pb1 < p̃e1

(ii)

pb1 < pe1

t+ c− v2 < t+
c− αv2

1+v2

1 + αv2

1+v2
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α(1 + c− v2) < 1 + v2

α > 0 >
1 + v2

1 + c− v2

Since 1 + c − v2 < 0, the direction of inequality reverses when dividing. The proof

for pb1 < p̃n1 and pb1 < p̃e1 when 1 + c− v2 < 0 is analogeous.

Similar to Lemma B.1, the price threshold is always larger than the profit thresholds

when 1 + c− v2 > 0. When 1 + c− v2 < 0, then ᾱp < 0, which corresponds to the case of

εD < εW .

Lemma C.4. Suppose 1 + c > v2. Then max{α̂, α̃} < ᾱp.

Proof. Suppose α = ᾱp = 1+v2

1+c−v2
. Then

π̃e > πn

t(1 + c)

2(1 + c− z)
>
t

2

0 > −tv2

2

By Lemma C.2, it must be α > α̂ when πn < π̃e. Thus, ᾱp > α̂.

Further, when α = ᾱp = 1+v2

1+c−v2
, then

πe > π̃n

t(1 + c)

2(1 + c− z)
>
t

2

0 > −tv2

2

Note that πn = π̃n and πe = π̃e when α = ᾱp = 1+v2

1+c−v2
. By Lemma C.2, it must be α > ᾱ

when π̃n < πe. Thus, ᾱp > ᾱ. Hence, max{α̂, α̃} < ᾱp.

Given the results of Lemma C.2, Lemma C.3 and Lemma C.4, Proposition C.2 fol-

lows immediately, which analogeous to the main finding in the baseline model stated by

Proposition 1.

Proposition C.2 (Unit demand).
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(a) Behavioral consumers do not affect the market in any symmetric non-exploiting equi-

librium.

(b) Suppose 1 + c > v2. Then the presence of behavioral consumers: (i) harms classical

consumers in any symmetric exploiting equilibrium if α < ᾱp and benefits otherwise,

(ii) harms classical consumers in any asymmetric equilibrium.

(c) Suppose 1 + c < v2. Then the presence of behavioral consumers harms classical

consumers in any symmetric exploiting or asymmetric equilibrium.

Proof. The proof is analogous to the proof of Proposition 1, where 1 + c > v2 corresponds

to the case of εD > εW and 1 + c < v2 corresponds to εD < εW .

C.7 Cheaper Base Good than Add-on

In the baseline model, we focused on the case that the behavioral mechanism affects the

add-on WTP positively by restricting ∆ to be positive. Let us now consider the opposite

when the add-on is more expensive than the base good. Then, the behavioral mechanism

decreases the add-on WTP. We suppose the same setup as in the baseline model but

allow ∆̃ = βi∆(p2, p1) to be negative and focus on the case of cheap base goods and

expensive add-ons such that ∆ < 0 in any equilibrium. Further, for simplicity, we consider

monopolistic base good markets. Crucially, behavioral consumers now have a lower WTP

for the add-on, which has several implications. The add-on demand is given by

Q(p2, D(p1)) =


D(p1) if p2 ≤ W (v2, ∆̃)),

(1− α)D(p1) if W (v2, ∆̃) < p2 ≤ W (v2),

0 if p2 > W (v2).

Contrary to the baseline model, all consumers buy the add-on if it is priced at the WTP of

behavioral consumers, while only the fraction (1− α) accepts the add-on offer when p2 =

W (v2). The profit function, adjusted for the monopoly case, is still given by Equation (1)

and the firm chooses between the non-exploiting strategy (p∗2 = W (v2)) and the exploiting

strategy (p∗2 = W (v2, ∆̃)). Due to the negative behavioral effect, exploiting implies now

lowering the add-on price below the WTP of classical consumers and selling the add-on to

all. The non-exploiting profit πn = π(pn1 (α),W (v2)) is strictly decreasing in α, while the

exploiting profit πe = π(pe1,W (v2, ∆̃))) is independent of the share of behavioral consumers.
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Thus, we can define the profit threshold α = α̂ ⇔ πn = πe. Similarly to Lemma A.3, for

a share below the threshold, the monopolist does not exploit behavioral consumers and

sets p∗2 = W (v2). There are only a few behavioral consumers that do not buy the add-on.

When α is sufficiently large, the monopolist selects the exploiting strategy as the missed

revenue in the aftermarket would be too high otherwise.

Interestingly, none of the results with ∆ < 0 depend on the semi-elasticities εD and

εW . The optimal non-exploiting price pn1 (α) is strictly increasing in α. The optimal

base good price, when all consumers purchase the add-on (pe1), is independent of the

share of behavioral consumers, like in the baseline model. Further, the outcome of the

benchmark economy with α = 0 is now different from both, the exploiting and non-

exploiting equilibrium. The base good is always the cheapest in the benchmark, pb1 <

min{pn1 (α), pe1}. The simple reason for this is that firms in after-sales markets redistribute

add-on earnings to lower the base good price to attract more consumers.46

In the benchmark economy, all consumers purchase the add-on at the price W (v2) >

W (v2, ∆̃), which clearly yields higher add-on profits than in any (non-)exploiting equi-

librium. This implies that even a few behavioral consumers already affect the economy.

Because not everyone buys the add-on in the non-exploiting equilibrium, the base good

becomes more expensive consequently. Hence, by not accepting the additional offer, be-

havioral consumers indirectly increase the base good price. In the exploiting equilibrium,

all consumers purchase the add-on but at a lower price than in the benchmark economy.

Therefore, in contrast to Proposition 1, the presence of behavioral consumers always af-

fects classical consumers: When behavioral consumers with ∆ < 0 are present, in any

equilibrium, the base good is more expensive than in the benchmark case.

Proposition C.3 (Cheaper base good than add-on). Suppose ∆ < 0.

(i) The presence of behavioral consumers harms a classical consumer in any non-exploiting

equilibrium for all α > 0.

(ii) If pe1 − pb1 > W (v2) − W (v2, ∆̃), then the presence of behavioral consumers harms

a classical consumer in any exploiting equilibrium. Otherwise, a classical consumer

benefits.

Importantly, classical consumers are harmed when the monopolist does not exploit
46For this reason, pn1 (α) is increasing in α as the add-on earnings decline with more behavioral consumers

in the population.
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behavioral consumers. In any non-exploiting equilibrium, classical consumers pay the

same for the add-on as in the benchmark economy but strictly more for the base good

when α > 0. Thus, they are clearly worse off. The impact in an exploiting equilibrium

is ambiguous. Compared to the benchmark, classical consumers have to pay more for the

base good but less for the add-on. Which effect dominates determines whether classical

consumers benefit or are harmed by the presence of behavioral consumers.

C.8 Proofs Cheaper Base Good than Add-on

The monopolist’s maximization problems given a chosen strategy are

max
p1

πn(p1,W (v2)) = max
p1

[p1 + (1− α)W (v2)]D(p1),

max
p1

πe(p1,W (v2, ∆̃))) = max
p1

[p1 +W (v2, ∆̃))]D(p1).

Maximizing each expression with respect to p1 yields the prices and profits given the

monopolist exploits or not

pn1 (α) =
−D(pn1 (α))

D′(pn1 (α))
− (1− α)W (v2),

πn(pn1 (α),W (v2)) =
−D(pn1 (α))2

D′(pn1 (α))
,

pe1 =
−[1 +W ′(v2, ∆̃)]D(pe1)

D′(pe1)
−W (v2, ∆̃)),

πe(pe1,W (v2, ∆̃))) =
−[1 +W ′(v2, ∆̃)]D(pe1)2

D′(pe1)
.

In contrary to the baseline model, the non-exploiting base-good price and profit depend

on α, while the exploiting base-good price and profit are independent of α.

Lemma C.5.

(a) pn1 (α) is strictly increasing in α and πn is strictly decreasing in α.

(b) pe1 and πe are constant in α.
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Proof. (a)

∂pn1 (α)

∂α
=

W (v2)

2− D(pn1 (α))D′′(pn1 (α))

D′(pn1 (α))2

> 0

∂πn

∂α
= −D(pn1 (α))

[
2− D(pn1 (α))D′′(pn1 (α))

D′(pn1 (α))2

]
∂pn1 (α)

∂α
= −D(pn1 (α))W (v2) < 0.

(b) Taking ∂pe1
∂α

and rearranging yields

∂pe1
∂α

[
(1 +W ′(v2, ∆̃))

(
2− D(pe1)D′′(pe1)

D′(pe1)2

)
+
W ′′(v2,∆)D(pe1)

D′(pe1)

]
= 0,

∂πe

∂α
= −(1 +W ′(v2, ∆̃))D(pe1)

[
2− D(pe1)D′′(pe1)

D′(pe1)2

]
∂pe1
∂α︸︷︷︸
=0

= 0.

Since πn is strictly decreasing and πe is constant in α, we can define the profit threshold

α̂ and characterize the equilibria.

Lemma C.6.

(i) If α < α̂, then the monopolist does not exploit and sets p∗1 = pn1 and p∗2 = W (v2).

(ii) If α > α̂, then the monopolist exploits and sets p∗1 = pe1(α) and p∗2 = W (v2, ∆̃)).

Proof. The proof is analogous to the proof to Lemma A.3.

The base good is always the cheapest in the benchmark, pb1 =
−D(pb1)

D′(pb1)
− W (v2) <

min{pn1 (α), pe1}.

Lemma C.7. pb1 < min{pn1 (α), pe1} for all α > 0.

Proof. First, observe that pb1 = pn1 (α) ⇔ 0 = αW (v2) is feasible only when α = 0. By

Lemma C.5, pn1 (α) is strictly increasing in α. Hence, since pb1 is independent of α, it must

follow that pb1 < pn1 (α) when α > 0.

We prove pb1 < pe1 in several steps. First, observe that pb1 6= pe1 for all α ∈ R because

pb1 = pe1

⇔ −W (v2) =
−W ′(v2, ∆̃)D(pe1)

D′(pe1)
−W (v2, ∆̃))

⇔ W ′(v2, ∆̃)D(pe1)

D′(pe1)
= W (v2)−W (v2, ∆̃)),
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which is a contradiction since W ′(v2,∆̃)D(pb1)

D′(pb1)
< 0 and W (v2)−W (v2, ∆̃)) > 0. Hence, since

pb1 and pe1 are both constant in α, it must be either pb1 < pe1 ∀α or pb1 > pe1 ∀α.

Next, observe that pe1 = pn1 (α) when

α = ᾱp = 1− W ′(v2, ∆̃)D(pe1)

D′(pe1)W (v2)︸ ︷︷ ︸
<0

−W (v2, ∆̃))

W (v2)︸ ︷︷ ︸
<1

> 0.

Since pb1 < pn1 (α) for all α > 0 and pe1 = pn1 (α) when α = ᾱp > 0, it follows that pb1 < pe1

for α ≥ ᾱp. But since pb1 and pe1 are both constant in α, it must be pb1 < pe1 for any α.

Now can we prove the statements in Proposition C.3.

C.8.1 Proof of Proposition C.3

The proof follows closely the proof of Proposition 1.

(i) By Lemma C.6 and Lemma C.7, we have pb1 < pn1 (α) and p2 = W (v2) in any non-

exploiting equilibrium. Hence, classical consumers pay the same as in the benchmark

economy for the add-on, but strictly more for the base good, which reduces a clas-

sical consumer’s surplus compared to the benchmark. Thus, classical consumers are

harmed by the presence of behavioral consumers.

(ii) By Lemma C.6 and Lemma C.7, we have pb1 < pe1 and p2 = W (v2, ∆̃)) < W (v2) in any

exploiting equilibrium. Hence, compared to the benchmark, classical consumers pay

strictly less (W (v2) −W (v2, ∆̃)) > 0) for the add-on and strictly more for the base

good (pb1 − pe1 < 0). If pe1 − pb1 > W (v2)−W (v2, ∆̃)), the negative effect dominates,

which reduces a classical consumer’s surplus compared to the benchmark. Thus,

classical consumers are harmed by the presence of behavioral consumers. Otherwise,

if pe1 − pb1 < W (v2) − W (v2, ∆̃)), the positive effect dominates, which increases a

classical consumer’s surplus compared to the benchmark. Thus, classical consumers

benefit by the presence of behavioral consumers.
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