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Abstract: We consider a market setting where a consumer holds either a naive or sophisticated
perception of their preference over products. We introduce the concept of a cognitive equilibrium,
in which the consumer can transition between the cognitive states of naiveté and sophistication de-
pending on the degree of exploitation in the market. We compare market outcomes under monopoly
and competition. While competition unambiguously improves market outcomes when the con-
sumer’s cognitive state is exogenous, it can strictly lower gains from trade when cognitive states are
endogenously determined.

Keywords: naiveté; sophistication; cognition; markets

1. Introduction

There often exists a wedge between the preferences of an individual and their percep-
tion of these preferences. The economics literature has successfully incorporated such naive
individuals into their models in order to explain empirical observations in a broad range
of contexts'. Alternatively, individuals may have a sophisticated understanding of their
true preferences. Whether an individual is naive or sophisticated is usually modeled as a
fixed characteristic or ‘type’ of the individual in question®. There is psychological evidence,
however, that suggests that movement between these cognitive states is more fluid®. In
line with this idea, we provide a novel equilibrium concept called cognitive equilibrium
in which a consumer can transition between naiveté and sophistication depending on
the benefits and costs associated with doing so. We show that allowing for endogenous
determination of the consumer’s cognitive state leads to novel findings in terms of how the
degree of competition affects market outcomes relative to the exogenous case.

Consider the following motivating example. A consumer seeks to enter into a new
phone plan. Each plan has a number of features, such as the number of minutes for making
calls, number of texts that can be sent, the amount of data included, etc. The value of each
plan to the consumer will depend on the extent to which she will use each of these features
(e.g., how often she will make phone calls, send text messages, and watch videos). At
the time of selecting the plan, she expects to utilize each feature more than she actually
will (i.e., is naive). The phone provider wants to take advantage of this misperception by
offering more and more seemingly attractive features, even if they are not of use to the
consumer. At the same time, however, the provider recognizes that, if they try to exploit
the consumer too much, then they may become aware of their misperception and avoid
entering the plan (i.e., become sophisticated). As such, the phone provider needs to take
into account the consumer’s motivation to correct any preference misperception when
designing plans. We develop an equilibrium theory that captures such potential for the
consumer to endogenously transition from naiveté to sophistication.

The model is as follows. A set of firms offer menus of products to a consumer. Products
provide the consumer with a level of a provision of some good at a price. The consumer is
either naive or sophisticated. If naive, they overvalue products relative to their sophisticated
counterpart by perceiving that the good is more valuable to them than it actually is. Instead,
if sophisticated, they correctly perceive their preference over products. The consumer starts
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out naive but can endogenously transition from naiveté to sophistication by investing in
costly cognition. Specifically, the consumer makes this transition if the difference between
the true utility received if they are sophisticated (and able to make an optimal decision) and
that which they receives if naive (and make a sub-optimal decision) exceeds some cognitive
cost. We introduce a solution concept called cognitive equilibrium in which firms take into
account the effect that the products they design have on the consumer’s motivation to hold
correct beliefs over preferences.

We examine how the degree of competition affects market outcomes in our setting.
We start by comparing monopoly to competition when the consumer’s cognitive state is ex-
ogenous (i.e., the consumer is deterministically sophisticated or naive). In this case, we find
that competition is an unambiguous improvement over monopoly: competition increases
consumer surplus at no cost to market efficiency. This is because competition erodes profits
and transfers these rents to consumers, providing them with all gains from trade.

Next, we compare cognitive equilibrium outcomes under monopoly and competition
and show that the profit-reducing effect of competition can actually negatively impact on
market outcomes. In particular, we derive the unique cognitive equilibrium outcome under
monopoly and compare this to a natural cognitive equilibrium under competition. In this
case, we show that total surplus is strictly higher under monopoly relative to competition;
that is, monopoly can be strictly more efficient than competition when the consumer is able
to transition from naiveté to sophistication. This occurs because competition erodes profits,
which incentivizes competing firms to offer relatively inefficient products that are very
attractive to a naive consumer in an attempt to earn profits. Instead, since the monopolist
can earn profits, they are willing to offer a product more in-line with the consumer’s
true preference.

These findings have important policy implications. Since monopoly is more efficient
than competition when the consumer’s cognitive state is endogenously determined, alter-
native policies, such as lump-sum redistributions from a monopolist to consumers, can
improve on competitive outcomes. As such, competition is not the most effective tool
at mitigating poor market outcomes resulting from consumer naiveté. Instead, if one
makes the standard assumption that cognitive states are exogenously determined, one
reaches the conclusion that competition unambiguously improves market outcomes. Hence,
policymakers should display caution when proposing competition as a one-size-fits-all
solution to the issues created by consumers exhibiting behavioral biases if such biases are
endogenously determined. As such, the findings of this paper constitute important novel
predictions that warrant further empirical investigation.

The paper proceeds as follows. In Section 2 we discuss the related literature. In
Section 3 we provide the details of the model. Section 4.1 investigates market outcomes
when consumer’s cognitive state is exogenously determined. Section 4.2 allows for the
consumer to endogenously transition from naiveté to sophistication and compares the
cognitive equilibrium outcomes of monopoly to competition. Section 5 concludes. All
proofs are provided in Appendix A.

2. Related Literature

There is a large literature investigating consumer naiveté in market settings. Some
examples include work that looks at naiveté in self-control problems [8] and work in which
consumers ignore hidden add-on prices [6,10-12]. A common finding in this literature
is that competition does not correct the inefficiencies created by the presence of naive
consumers, but often increases consumer surplus by transferring gains from trade from
firms to consumers. This literature, however, assumes that naiveté is a fixed characteristic
of the consumer. We contribute to this literature by showing that when the consumer’s
cognitive state is endogenously determined, competition can strictly decrease efficiency.

There is a selection of papers that find that competition can have negative conse-
quences on market outcomes when consumers are naive. Herweg and Rosato argue that
competition can increase inefficiency when a deceptive firm enters the market to compete
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against a transparent retailer [13]. This relies on the fact that competing firms can create
market segmentation by taking advantage of the consumer’s naiveté. In our paper, in-
stead, all firms are identical and, as such, the environment is perfectly competitive. As
such, we show that competition can be surplus-reducing even though all gains from trade
are transferred from firms to the consumer. Jimenez-Gomez establishes that competition
may reduce consumer welfare when firms can ‘phish” consumers by introducing a wedge
between their experienced utility and their decision utility [14]. This is because competition
lowers prices, which can induce consumers to make make purchases that they otherwise
should avoid. Instead, the driving force in our paper is that competing firms create large
distortions in an attempt to earn profits, while a profit-making monopolist is more willing
to align provision with true fundamentals.

This paper also relates to the literature on contract design with either naive consumers
or other cognitive considerations. Salant and Siegel provide a model where a consumer
is subject to framing effects that increase the attractiveness of products [15]. The authors
consider a form of consumer protection that is ex-post in nature: the frame can wear
off and the consumer can return the product. Instead, we consider a form of consumer
protection that is ex-ante in nature: the consumer’s cognitive state is determined before
they select a product and is determined as a function of the products offered. Moreover,
we consider the role of competition while Salant and Siegel focus on the case of monopoly.
Eliaz and Spiegler investigate how a monopolist would effectively screen agents that have
private information regarding their degree of naiveté [16]. Instead, we focus on how
market structure affects market outcomes in a complete information environment where
the consumer can transition between naiveté and sophistication. Finally, Tirole provides a
model where parties to a contract can choose to keep some default, potentially sub-optimal,
contract or to invest in cognition to investigate whether the contract can be improved
upon [17] . In their paper, the contracting parties hold a sophisticated understanding of the
environment, so that no party is exploited in equilibrium. Instead, we speak to exploitation
in markets as our consumer can endogenously end up misperceiving their preference.

The paper also relates to other notions of naiveté applied in other economic contexts.
For example, receivers may naively interpret signals in communication settings [18,19].
Again, these papers model naiveté as a type of the receiver, while we consider the role of
endogenous naiveté. Finally, Martin considers a naive buyer who does not properly under-
stand equilibrium strategies in a strategic pricing game, but can acquire information about
this strategy at cost [20]. Our model is similar in that our consumer may misperceive how
they should behave, but is less likely to behave in this way the greater the benefits to avoid-
ing doing so. Our focus, however, is on both the efficiency of, and the degree of exploitation
in, the market, while Martin focuses on the informativeness of equilibrium prices.

Finally, the paper contributes to the literature on motivated beliefs (see [21] for a
detailed review). This literature generally seeks to rationalize the underlying motivations
for why an individual may hold biased, self-serving beliefs [22-24]. This paper, on the
other hand, takes biased beliefs as given and instead focuses on whether the individual is
motivated to correct this misperception. This allows us to explore how firms manipulate a
consumer’s motivation to be sophisticated.

3. The Model
3.1. Formal Details

The Environment: There are N > 1 profit-maximizing firms that each provide a finite
menu of products to a consumer. A product is a bundle x = (g, t), where g > 0 denotes
the quality or level of provision of some good and f € R is the price. Providing a product
at quality g costs firm i C(q), i = 1,..., N, where C is strictly increasing, strictly convex,
differentiable, and C(0) = C’(0) = 0. Let & denote the inverse of C’ (the derivative of C),
which exists since C is strictly convex*.

If the consumer chooses product x = (g, t) from firm i, firm i earns profits equal to
t — C(q). Else, if the consumer does not purchase from firm i, firm i earns zero profits. Let
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X; denote the finite product menu designed by firm i and let X = i\j X; denote the entire
set of products that the consumer can choose from. We assume thaic tLe consumer chooses
only one product from X°.

Consumer Preferences: The consumer decides whether to select a product from X
or not. If the consumer has preference parameter 6 > 0, the consumer values product
x = (gq,t) according to

U(x|0) = g —t. (1)

Instead, if the consumer does not purchase a product from X, they receive reservation
utility of zero, which is equivalent to selecting the product (0,0) for all §. Hence, we assume
without loss of generality that (0,0) € X.

Sophistication and Naiveté: The consumer will be in one of two cognitive states:
they will either be sophisticated or naive. More precisely, assume that the true preference
parameter of the consumer is given by § > 0. If the consumer is sophisticated (denoted by
S), they understand that their true preference parameter is 6 and, as such, value product
x according to Vs(x) = U(x|f). Instead, if the consumer is naive (denoted by N), they
misperceive their preference over products by overvaluing provision of the good relative to
its price. Specifically, they perceive that their preference parameter is givenby 6§ + A, A > 0,
so that they value product x according to Vi (x) = U(x|0 + A). We call A the consumer’s
degree of naiveté as it captures the extent to which a naive consumer misperceives their
true preference. Notice that Vy(x) > Vs(x) for any product x = (g,t) with g > 0. Hence,
the naive consumer over-values products relative to their sophisticated counterpart.

Endogenous Naiveté: The consumer is initially naive but can endogenously transition
from naiveté to sophistication through an investment in cognition. If they do not choose
to make this investment, then the consumer utilizes the misperceived preference 0 + A
to make decisions. Formally, let a € {S, N} denote the cognitive investment decision of
the consumer, where a = S implies an investment in cognition (i.e., a decision to become
sophistication). We assume that such an investment is costly: the consumer incurs a
cognitive cost of ¥ > 0 if and only if they choose a2 = S.

Suppose that the consumer faces menu of products X. Let x; denote a product that
the consumer in cognitive state k € {S, N} selects; that is, x; € arg max Vi(x). Then, the

consumer’s true utility from choosing to be in cognitive state a € {S, N} when facing menu
Xis given by
V(a|X) = Vs(x,) —x x I[a =], ()

where I(+) is an indicator function. It is optimal for the consumer to invest in cognition
if V(5]X) > V(N|X) and it is optimal for the consumer not to invest in cognition when
V(5|X) < V(N|X).

Cognitive Equilibria: We now define the relevant equilibrium concept that we use
to make predictions, which we call a cognitive equilibrium. To do so, let o}, : X — X
denote a selection rule for the consumer in cognitive state k € {S,N}anda : X — {S,N} a
cognitive-investment strategy from an arbitrary menu X. Let 7;(X;, X_;, 05, on, &) denote
the expected profit of firm i when offering menu X;, given that the rest of the firms offer
jointly menu X_; = L?g X]- and the consumer’s selection rules are given by oy, k € {S, N }

1

and cognitive strate]gy is a. A notion of equilibrium in which the consumer’s cognitive
state is endogenously determined is now defined.

Definition 1. The tuple (X, ..., Xy, 08, 0%, &%) is a cognitive equilibrium if, for all finite menus
of products X,
(i) o (X)(x) >0onlyifx e arg max Vi(X) fork € {S,N}; and
€
(i) a*(X)(a') > 0onlyifa’ € arg max V(a|X),
ae{S,N}

,

and X maximizes 11;(X;, X* ;, 0%, 0%, &%) for each firmi € {1,...,N}.
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Essentially, a cognitive equilibrium is a subgame perfect equilibrium of a market game
in which, first, each firm simultaneously designs a menu of products and, given the menu
of products faced, the consumer decides whether or not to invest in cognition and makes a
product selection given the realized cognitive state. Condition (i) of Definition 1 requires
the consumer to only select products that are optimal from the perspective afforded by
each cognitive state that may realize. Instead, condition (ii) requires that the cognitive-
investment decision is determined optimally given how the consumer would behave in
each cognitive state. The final requirement is that the product-menu provided by a given
firm constitutes a best response to other firms’ menus given the consumer’s decision rules.

3.2. Efficient and Exploitative Good Provision

We now define the market outcome variables that are of interest in this paper. Let

Wj denote the maximal achievable total surplus when the preference parameter of the

consumer is given by 6; that is, Wz = max 6 — C(g). The maximizer of this problem
7>

is h(f), so that h() is the efficient level of provision of the good if the consumer has
preference parameter 6. Since the true preference parameter of the consumer is 6, we have
the following natural definitions of both an efficient product and an efficient market.

Definition 2. A product x = (q,t) is efficient if ¢ = h(6). A market is efficient if it generates
total surplus equal to Wy.

Note that there always exists an efficient product that the consumer is willing to accept
even if they are naive®. As such, the market can be efficient only if the consumer does not
invest in cognition. Instead, if the consumer invests in cognition, the highest surplus that
such a market can attain is Wy — «x.

Next, we define what is meant by consumer exploitation in our framework. Recall
that the consumer can guarantee herself a reservation utility of at least zero by choosing
the outside option. This leads to the following natural definition of consumer exploitation
in the market.

Definition 3. The market is exploitative if the true utility of the consumer is strictly lower than zero.

Definition 3 states the market is exploitative if the consumer earns true utility lower
than their reservation level. This can happen either because the consumer naively chooses
an exploitative product (i.e., one in which they overpay for provision) or because the
consumer incurs cognitive costs that exceed the benefit of whichever product is selected
under sophistication.

3.3. Discussion of Key Modeling Assumptions

We have modeled the consumer’s misperception in a relatively general way: the
consumer simply over-values provision of the good relative to their true preference. This
could be for a number of reasons. For example, the consumer may be subject to framing
or advertising effects that make them over-value the product [15], the consumer may not
be paying attention to certain factors that affect their preference for the good [25], or may
have alternative self-serving motivations to hold biased beliefs (e.g., thinking that they are
more likely to go to the gym as it allows them to feel motivated to get fit). We do not take a
stand on precisely the reason for this misperception and instead focus on the consumer’s
incentives to correct this bias through costly cognitive investment.

Regarding cognition, we have assumed the consumer has access to a very simple cog-
nitive technology: if they invest in cognition they learn their true preference, 6, (i.e., become
sophisticated), while if they do not make this investment they make decisions using the mis-
perception, 8 + A (i.e., stay naive). We do this to starkly illustrate how cognitive investment
can serve as a bridge between naive decision-making and its sophisticated counterpart.
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4. Results
4.1. Exogenous Cognitive States

We first present results for a benchmark model in which the consumer’s cognitive
state is determined exogenously; that is, the consumer’s cognitive state is fixed at either
sophistication or naiveté and the firms know the realization of this cognitive state. Equiva-
lently, we solve for a cognitive market equilibrium where the consumer’s cognitive cost is
either ¥ = 0 (i.e., the consumer is always sophisticated) or ¥ = 4-o0 (the consumer is always
naive). The first proposition describes the outcome under monopoly.

Proposition 1. Under monopoly, a consumer in exogenously-known cognitive state selects
(a)  the efficient product x¢ = (h(8),0h(0)) if sophisticated; and
(b)  the inefficient product x¥, = (h(6 4+ A), (6 + A)h(6 + A)) if naive.

According to Proposition 1, the consumer is provided an efficient level of the good
when sophisticated and is over-provided the good when naive. This is intuitive since the
consumer over-values the good when naive and so the monopolist increases provision in
order to satiate this preference and extract extra rents. This results in exploitation of the
naive consumer.

We now compare this outcome under monopoly to the competitive outcome. First,
we derive the products selected by the consumer in each cognitive state in a competitive
environment. To this end, suppose that there are N > 2 firms that all know the consumer’s
cognitive state. The following proposition describes the equilibrium outcome in this
competitive environment.

Proposition 2. Under competition, a consumer in exogenously-known cognitive state selects
(a)  the efficient product x§ = (h(6), C(h(0)) if sophisticated; and
(b)  the inefficient product x§; = (h(6 4+ A), C(h(0 + A))) if naive.

Proposition 2 states that, similar to the case of monopoly, provision is efficient to a
sophisticated consumer but the good is inefficiently over-provided to a naive consumer.
Thus, competition does not correct the inefficiency created by naive consumers. It does,
however, affect the price that the consumer pays for provision. A full comparison of market
outcomes under monopoly and competition are provided in the following proposition.

Proposition 3. If the consumer’s cognitive state is exogenously known, then

(a)  total surplus under monopoly and competition coincide; and
(b)  consumer surplus is strictly higher under competition relative to monopoly.

Proposition 3 establishes that the degree of competition has no effect on market
efficiency when the consumer’s cognitive state is exogenously determined. Specifically,
under both monopoly and competition, a sophisticated consumer selects a product with
efficient provision of the good, /(6), while the naive consumer is over-provided the good
atlevel h(6 + A).

The intuition for this result is as follows. Under both competition and monopoly,
market forces incentivize the maximization of total surplus as if the consumer’s preference
parameter was that which they actually perceive. In the case of sophistication, this results
in efficient provision. Instead, when the consumer believes their preference parameter is
greater than it is, the resulting provision in the market aligns with this misperception.

The main difference between monopoly and competition is the transfer the con-
sumer makes to firms for this common level of good provision. Specifically, part (b) of
Proposition 3 states that the consumer is strictly better off under competition relative to
monopoly. This is because competition drives down the price of provision which, con-
sequently, increases the gains from trade realized by the consumer. This effect is present
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regardless of whether the consumer is sophisticated or naive: all surplus (whether efficient
or inefficient) accrues to the consumer under perfect competition.

In summary, one can conclude that competition unambiguously improves market
outcomes when the consumer’s cognitive state is common knowledge. This is broadly
consistent with findings in the behavioral economics literature that suggests that competi-
tion does not necessarily increase market efficiency in the presence of exogenously naive
agents but, rather, serves to transfer (inefficient) surplus from firms to consumers [6,8].
As such, competition is an effective policy tool to mitigate naiveté-based exploitation in
this case. When the consumer’s cognitive state is endogenously determined, however, we
will see that such a clear dominance relation cannot be established. We explore this in the
next section.

4.2. Cognitive Equilibrium

In this section, we consider the model described in Section 3 in which the consumer’s
cognitive state is endogenously determined. We first derive the unique cognitive equilib-
rium outcome under monopoly. Then, we derive a natural cognitive equilibrium under com-
petition and, finally, compare monopoly and competitive cognitive equilibrium outcomes.

4.2.1. Monopoly

We first consider the case where there is monopolistic provision of the good to the
consumer. Since the consumer is only ever in one of two cognitive states, the monopolist
needs to design only two products: xg which the consumer selects as a sophisticate, and xy
which the consumer selects as a naif. Moreover, it is without loss of generality to assume
that the consumer does not invest in cognition; that is, the consumer is incentivized by the
monopolist to remain naive and select product xy. This is because the optimal product
to offer a sophisticate is (h(6),0h(0)) (derived in Proposition 1), which also satisfies the
participation constraint of the naive consumer’. As such, we can write the monopolist’s
optimization problem as follows:

max ty — C(gn) ®)

XS5, XN

subject to

(IC—S) . Vs(xS) > max{VS(xN), 0}
(IC-N) : Vn(xn) = max{Vn(xs),0}
(No-Think) : Vs(xS) — Vs(xN) <x.

Constraints (IC-S) and (IC-N) ensure that the sophisticated and naive consumers,
respectively, are willing to select the products designed for them. Instead, constraint (No-
Think) ensures that the consumer does not invest in cognition but, rather, makes their
product choice holding biased beliefs. The following proposition describes the product that
the consumer selects in the cognitive equilibrium under monopoly.

Proposition 4. Let k™ = Ah(0) and ¥ = Ah(0 + A). The product selected by the consumer in
the cognitive equilibrium under monopoly, x3; = (g%, t}), has

h(6) if k < x"
g = ©/A if k € (&, &™) @
WO+ A) ifx> 7"

The consumer is exploited for all cognitive costs x > 0.

Proposition 4 describes the product that the consumer selects in the unique cognitive
equilibrium outcome under monopoly. The left panel of Figure 1 illustrates the level of
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good provision, q%, to the consumer as a function of cognitive costs, x. When « is large, the
monopolist provides the same product that is provided to an exogenously naive consumer
(Proposition 1). Instead, when « is small, the consumer is provided with an efficient level of
the good, h(#). Finally, for intermediate levels of «, provision in the monopolist’s optimal
product is strictly in-between the levels provided to exogenously naive (i.e., (0 + A)) and
exogenously sophisticated (i.e., 1(6)) consumers. Thus, provision to an endogenously naive
consumer is always closer to the efficient level than to their exogenously naive counterpart.

The intuition for this result is as follows. There are two main constraints that the
monopolist must consider when designing the optimal product: (1) the participation
constraint of the naive consumer and (2) the constraint that ensures the consumer does not
invest in cognition. The participation constraint pushes provision towards the naif-optimal
level, h(6 + A), as it utilizes the consumer’s misperception, 6 + A. Instead, the (No-Think)
constraint pushes provision towards the efficient level, (), as it is determined by the
consumer’s true preference parameter, §. When « is sufficiently large, the former dominates
and the consumer is over-provided the good. Instead, when « is sufficiently small, the latter
dominates and provision is efficient. Finally, for intermediate x both constraints bind and
optimal provision falls between these two levels.

Proposition 4 also states the consumer is exploited as long as the cost of becoming
sophisticated is strictly positive. Thus, the monopolist is still able to take advantage of
the fact that the consumer is bounded in their rationality. At the same time, the fact that
the consumer can transition to sophistication does reduce exploitation, at least when the
cost of cognition is small. This is because the threat of becoming sophisticated forces the
monopolist to decrease exploitation in order to depress incentives to invest in cognition. The
right panel in Figure 1 illustrates consumer surplus in the cognitive equilibrium outcome
under monopoly as a function of «.

qm
Y csm
—=m
0 : x
_fm iiiiiiiiiiiiii ‘

(b)

Figure 1. Graphical depiction of the cognitive equilibrium outcome under monopoly.
Panel (a) displays how good provision, g%}, varies with cognitive cost x, while panel (b) displays how
consumer surplus, CS™, varies with cognitive cost .

4.2.2. Competition

We now consider the case where N > 2 firms compete for the consumer’s attention.
We focus on a natural cognitive equilibrium under competition, which we call the (x)-
cognitive equilibrium. Recall the products xg and x§; that are offered to sophisticates and
naifs, respectively, in a competitive environment with exogenously known cognitive states
(Proposition 2). The following proposition establishes that it is also a cognitive equilibrium
under competition for each firm to offer precisely the menu of products {x§, x§}.
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Proposition 5. Let K = Wy — [0h(0 + A) — C(h(6 + A))] > 0. It is a cognitive equilibrium
under competition for all firms i = 1,...,N to offer the menu of products {xg,x{;}. In this
equilibrium, the consumer:

(a)  invests in cognition and selects x§ for k < x¢; and
(b)  does not invest in cognition and selects x§; for k > &°.

The market is never efficient in this cognitive equilibrium and the consumer is exploited if 0 is
sufficiently small.

The (x)-cognitive equilibrium under competition is a natural equilibrium to focus
on as the consumer is provided only products that are optimal given her cognitive state,
subject to firms earning non-negative profits. As such, it is likely that this would constitute
a natural long-run outcome of competition with endogenous cognitive states.

In this equilibrium, the product xg is optimal for the consumer to choose since their
true preferenece parameter is 6. However, x§; is more attractive under misperception 6 + A.
As such, the consumer becomes sophisticated and selects x¢ only when « is small. Instead,
when « is large, investment in cognition is not of sufficient value and so the consumer
remains naive and selects product x§;. The intuition for why this constitutes an equilibrium
is as follows. Competition erodes profits on any viable product to zero which, in turn,
incentivizes the competing firms to offer products that are maximally attractive to the
consumer in an attempt to earn positive profits: xg to a sophisticated consumer and x{; to a
naive consumer. Since no other products exist that earn positive profits that the consumer
values more, it follows that this is a cognitive equilibrium.

Recall that the consumer was always exploited in the cognitive equilibrium under
monopoly (Proposition 4). Proposition 5 establishes that, while exploitation is less prevalent
under competition, it is not necessarily eliminated. Specifically, this occurs when the
consumer does not particularly value the good (6 is small). In such a situation, the consumer
is exploited because (1) they invest in cognition and select a good that is less valuable than
the cognitive cost « incurred or (2) they do not invest in cognition and instead overpay for
the good relative to its utility generated under their true preference.

Finally, we conclude by noting that the market is never efficient in the (*)-cognitive
equilibrium under competition. This is because the consumer either selects the ineffi-
cient product x§; when « is large, or selects the efficient product x¢ only after incurring
wasteful cognitive cost ¥ when « is small. Since the cognitive equilibrium outcome un-
der monopoly was sometimes efficient (Proposition 4), it follows that, at least in some
region of the parameter space, monopoly can outperform competition in terms of total
surplus maximization.

4.2.3. Comparing Monopoly to Competition

In the previous section, we analyzed a natural cognitive equilibrium under competi-
tion and showed that competition tended to decrease exploitation but generate inefficiencies
relative to monopoly, at least in some regions of the parameter space. The following propo-
sition establishes that these observations hold in general when comparing the monopoly
cognitive equilibrium outcome to the (x)-cognitive equilibrium under competition.

Proposition 6. Comparing the cognitive equilibrium under monopoly to the (x)-cognitive equilib-
rium under competition:

(a)  monopoly is more efficient; and

(b)  consumer surplus is higher under competition.

Figure 2 displays graphically how both total surplus (left-hand panel) and consumer
surplus (right-hand panel) vary with x under both monopoly and competition. As one can
see, total surplus is always higher under monopoly; strictly so when cognitive costs are
relatively small. Instead, consumer surplus is larger under competition at every level of .
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Figure 2. Graphical comparison of cognitive equilibrium outcomes under monopoly and competition.

Panel (a) compares total surplus as a function of cognitive cost x, while panel (b) compares consumer
surplus as a function of cognitive cost .

The intuition for this finding is as follows. As discussed in the previous section,
competitive pressure erodes profits which induces firms to offer products that are maximally
attractive to the consumer. For the naive consumer, since this product is aligned with biased
beliefs, this implies that they are offered is relatively inefficient. The consumer then either
selects this inefficient product or incurs cognitive costs to avoid doing so. The monopolist,
instead, is able to earn profits and, as such, does not face as strong an incentive to satiate
the naive consumer’s misperceived preference. Rather, they offer the consumer a more
efficient product in order to reduce incentives to invest in cognition. It follows that total
surplus is higher under monopoly. At the same time, competition transfers all gains from
trade from firms to the consumer, while the monopolist is able to extract all gains from
trade. This transfer makes the consumer strictly better off in the competitive environment,
even though the total gains from trade are smaller in aggregate.

While the introduction of consumer surplus decreases exploitation, it (1) does not
necessarily eliminate it (Proposition 5) and (2) it comes at the cost of lower aggregate
gains from trade (Proposition 6). This implies that there may exist alternative policies that
are more effective than competition policy at ameliorating naiveté-based discrimination.
Indeed, since monopoly leads to higher total surplus, a policymaker can find a lump-sum
transfer (which does not distort good provision) from the monopolist to the consumer such
that monopoly actually Pareto dominates competition; that is, both profits and consumer
surplus are higher under monopoly after the imposition of transfers than the competitive
outcome. This stands in contrast to the setting in which the consumer’s cognitive state was
exogenously determined, where the competition dominated monopoly across all market
outcomes. As such, allowing the consumer to endogenously transition between cognitive
states has important policy implications.

As stated previously, it is commonly found that competition does not neccessarily
increase market efficiency in the presence of exogenously naive consumers [6,8]. We
strengthen this finding by showing that increasing competition can actually strictly decrease
total surplus when the consumer is endogenously naive. This finding also fits with the
idea of a “phishing” equilibrium, as proposed by Akerlof and Shiller [26]. The idea of a
phishing equilibrium is that competitive environments are brutal for firms that are trying
to earn profits. This may lead firms to compete along more nefarious dimensions (like
taking advantage of consumer naiveté), rather than by offering better products. Here, we
see this quite starkly. It is precisely this competitive pressure which erodes profits earned
on efficient products and, thus, induces firms to offer inefficient products attractive only
due to the naif’s biased beliefs. Instead, the monopolist does not face such pressure because
he is able to earn profits on products aligned with true underlying fundamentals.
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5. Conclusions and Discussion

This paper has explored a market setting in which firms design products for a con-
sumer that holds either a naive or sophisticated understanding of their preference. The
novel contribution of the paper was to introduce the idea that sophistication for the con-
sumer should come only through costly cognitive investment. As such, the products
that are designed for the consumer determine whether they are motivated to become
sophisticated. To this end, we introduced the solution concept of cognitive equilibrium, in
which the cognitive state of the consumer is endogenously determined as a function of the
products present on the market.

We explored the role that the degree of competition plays in determining market
outcomes. We showed that, when the market is in cognitive equilibrium, monopoly could
actually outperform competition in terms of market efficiency. This is because competitive
pressure incentivizes firms to offer relatively inefficient products that the naive consumer
finds attractive in an attempt to earn profits. The large inefficiency then results from the
fact that the consumer either selects this relatively inefficient product or invests in wasteful
cognition to avoid doing so. The monopolist, instead, can earn profits on more efficient
products and, therefore, does not find it optimal to distort provision to as large an extent.
We believe that this novel interaction between market outcomes and the determination
of the consumer’s cognitive state warrants further empirical investigation to understand
whether the mechanism we have identified exists in the data.

We emphasized the importance of modeling the consumer’s cognitive state as being en-
dogenously determined. Specifically, we showed that if we model the consumer’s cognitive
state as a fixed characteristic, then one would conclude that competition unambiguously
improves market outcomes. This is not the case when the consumer can transition between
cognitive states. As such, policy-makers should be careful when proposing competition
as a ‘one-size-fix-all” solution for dealing with poor market outcomes resulting from con-
sumer naiveté. Rather, other policies may be more suitable. For example, we have already
identified that lump-sum redistributions from a monopolist to consumers can improve
upon competitive outcomes. However, other policies, such as directing resources towards
educating consumers to identify exploitation in the market may also constitute more effec-
tive policy than competition. Such policies would serve to decrease cognitive costs, which
always leads to an increase in both total and consumer surplus.

Naturally, there are some limitations to the study that we have conducted. First,
we have considered only two cognitive states: naiveté and sophistication. In reality, the
consumer may exhibit a richer set of cognitive states which include the possibility of partial
awareness of any preference misperception [3]. One could extend the notion of cognitive
equilibrium to more cognitive states but should expect this to only minimal impact on the
model’s predictions. Second, we have assumed that the consumer’s cognitive ability (i.e.,
cognitive costs) is known to each firm, while this may not be such an unreasonable assump-
tion in the world of ‘big data’, in reality firms may still face some residual uncertainty over
the cognitive ability of a particular consumer. Future research should investigate whether
such asymmetric information considerations significantly impact on our findings.

We conclude by commenting briefly on the cognitive equilibrium concept we have
introduced. While we have used this notion to explore consumer naiveté in a goods market,
it is a portable concept that can be applied to any other environment where individuals may
behave in a naive fashion, such as when needing to predict their own future behavior, when
interpreting signals in communication settings, or in models of over-optimism. Future
work will apply the concept of cognitive equilibrium in such settings. This will allow
us to understand both the settings in and extent to which assuming that cognitive states
are determined exogenously is a restrictive assumption, while also identifying situations
where predictions are sufficiently different so that one must consider whether cognitive
equilibrium constitutes a more suitable solution concept.
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Appendix A

Proof of Proposition 1. Suppose the consumer exogenously believes that their preference
parameter is § € {6,0 + A}. The monopolist offers a product that solves the problem

maxt— C(q),
q,t

subject to g — t > 0. Clearly, the consumer’s participation constraint binds and the first
order condition for an optimum is C’'(q) = 6. Thus, sophisticates are offered the product
(h(8),0h(0)), while naifs are offered the product (h(6 + A), (6 +A)h(6 +A)). O

Proof of Proposition 2. Suppose that there are N > 2 firms. We show that the consumer

with preference parameter 8 € {6,6 + A} must select the product (h(f), C(h(0))). First, we

show that any product selected by the consumer with positive probability must earn zero

profits. Let X denote the set of products that the consumer selects with positive probability

and take ¥ = (7,f) € arg ma)%( n(x) =t — C(q). Suppose, by contradiction, that 7r(x) > 0.
x€

Note that at least one firm must make profits strictly lower than 77(x). Suppose this firm
offers product x’ = (7, f — €). Then x’ is strictly preferred by the consumer to X. Moreover,
for e sufficiently small, this product earns profits arbitrarily close to 77(X). As such, x’
constitutes a profitable deviation. It follows that 77(x) = 0 for all x € X.

Now, we show that the consumer selects a product with provision h(f). Suppose
instead the consumer selects a product with g # /(). Then the consumer with preference
parameter receives surplus equal to 7 — C(q). Consider a firm that instead offers the
product ¥’ = (¢/,#') with ¢/ = h(8) and ' = C(h(0)) + €, where € > 0. This gives the
consumer utility Oh(f) — C(h(f) — e which is strictly larger than 8q — C(q) for € sufficiently
small. Moreover, the deviating firm earns profits equal to € > 0. Combining this with
the fact that firms earn zero profits in equilibrium, a consumer with preference parameter
0 € {6,0 + A} must select product (h(9),C(h(9)). O

Proof of Proposition 3. Part (a) of the proposition is clear: regardless of the degree of
competition, a sophisticated consumer selects an efficient product, while a naive consumer
selects an inefficient product at provision level /(6 + A). Hence, total surplus is equal to
0h(8) — C(h(D)) for 6 € {6,6 + A} under both monopoly and competition. Part (b) follows
from the fact that 8h(9) — C(h(8)) > 0 for & € {6,0 + A} (since r§1>ag< 0g — C(q) strictly

increases in § and equals zero when g = 0). Hence, the transfer made by the consumer is
strictly larger under monopoly relative to competition. [J

Proof of Proposition 4. Let x}' = (gq}',t]') denote the optimal product selected by the
consumer if in cognitive state k € {S, N'}. First, note that Vs(xs) = 0. If not, then it holds
that Vy(xn) > Vn(xs) > Vs(xg) > 0. Then, the monopolist could offer the products
x; = (g, tx + €) which, for sufficiently small e > 0, satisfy the incentive compatibility
constraints and (No-Think). Thus, Vs(xg) = 0. Moreover, it is without loss of generality to
assume x¢' = (0,0). Indeed, if x¢' is a part of an optimal menu, then offering (0,0) instead
satisfies all constraints (since V((0,0)) = 0) without affecting the monopolist’s profits
(since x¢' is never selected in equilibrium).

The preceding argument implies the monopolist offers only a single product. This
product solves the optimization problem

maxt — C(q) (A1)
q,t
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subject to (8 +A)g —t > 0 and t — 07 < k. Let A denote the Lagrange multiplier on the
first constraint and p the multiplier on the second. The Karush-Kuhn-Tucker conditions
are sufficient for a global optimum since this is a strictly concave problem with linear
constraints and are given by

[tn] : 1=A+pu
[an]: C'(q) = (6 +A)A +6p,

where y, A > 0 with strict inequality only if the corresponding constraint binds.

We have that 4 = 0 and A = 1 is a solution, so that ¥, = h(6 + A), if and only
if (0+A)h(6+ A)—6h(0+A) < xorx > Ah(6+ A). Instead, we have that A = 0
and p = 1, so that qJj = h(0), if and only if (6 + A)h(0) — 0h(6) —x > 0 or k < Ah(F).
Finally, if x € (Ah(6), Ah(6 + A), both A > 0 and p > 0 so that both constraints bind and
g =x/A € (h(6),h(6+A)).

Finally, we have that consumer surplus under monopoly (denoted by CS™) is equal to

(A2)

com_ ) ifx < AR(0+ A)
| =AR(0+A) ifk > AR(6+ A).

Clearly, this is strictly less than zero as long as x > 0 and A > 0, so that the consumer
is always exploited in equilibrium under monopoly. [

Proof of Proposition 5. It is simple to argue that every firm offering the menu of products
{xg, x{} constitutes a cognitive equilibrium under competition. Indeed, by definition, x;
maximizes the utility of the consumer in cognitive state k € {S, N}. Hence, there does not
exist an alternative product that the consumer would be willing to select in either cognitive
state that earns strictly positive profits.

Consumer surplus in this equilibrium, CS¢, is given by

(A3)

o [01(0) = C(n(6) —x if k < 7
Oh(0+A) — C(h(0+A)) ifx > &

Since A > 0 and x > 0, it follows that CS® < 0 for 0 sufficiently small (since § — 0
implies that h(6) — 0and k(0 + A) — h(A) > 0). O

Proof of Proposition 6. (a): Let TSc denote the total surplus in the cognitive equilibrium
under competition described in Proposition 5, which is given by

Wy —x if x < %€
C:{ 0 = (A4)

Oh(0+A) —C(h(6+4)) ifx>&"
Instead, from Proposition 4, total surplus under monopoly (denoted TS,;) is given by

W@ if x < Ah(@)
TSy = {0(x/A) —C(k/A) if x € (AR(6), Ah(6 + A)) (A5)
Oh(0+A) —C(h(0+A)) ifx > Ah(0+ A).
First, note that ¥° < Ah(6 + A) if and only if Wy < Wy, », which holds since A > 0.
Comparing (A4) and (A5), if k > Ah(6 4+ A), then total surplus under monopoly and
maximal total surplus under competition coincide. Instead, if x < Ah(@), TS,, > TS, since

monopoly is efficient in this region and competition is never efficient.
The final case to consider is k € (Ah(6), Ah(0 + A)). If k > K¢, we have that

0(k/A) — C(x/A) > 0h(6 + A) — C(h(6 + A))
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since h(0) < k/A < h(6 + A) and 6z — C(z) is strictly decreasing in z for z € (h(0), h(6 +
A)). Instead, if x < k¢, we have that TS, = Wy — x while, under monopoly, the consumer
receives true surplus equal to —«x. Thus, the proof is complete if the monopolist earns
profits larger than Wj. This holds due to the fact that

(0+A)(xk/A)—C(k/A) > (04 A)h(0) — C(h(8)) > 6h(0) — C(h(0) = Wy,
where the first inequality follows from the fact that 1(6) < x/A < h(6 + A) and (6 + A)z —
C(z) is strictly increasing in z for z € (h(), h(6 + A)).
(b): Let CS° denote consumer surplus in the (x)-cognitive market equilibrium under

competition, which is given in (A3), and let CS™ denote consumer surplus under monopoly,
which is given in (A2). For x > Ah(6 + A), we have that

CSS = 0h(0+A) — C(h(8+ A)) > 6h(0 + A) — (8 -+ Ah(0+A) = —Ah(8 + A) = CS™,
since (6 + A)h(60 +A) > C(h(6 + A)). Instead, for k < Ah(6 + A), we have that
CS° = max{Wp — x,6h(6 + A) — C(h(8 + A))} > Wy — & > —x = CS™,

where the second last inequality holds if 8 > 0. Thus, C5° > CS™. O

Notes

1

Naiveté has been used to explain why people procrastinate [1-3], over-estimate future gym attendance [4,5], struggle to avoid
hidden add-ons or fees [6], and deviate from their self-set goals [7]. It has also been used to explain market-based phenomena.
For example, DellaVigna and Malmendier use naiveté to explain the prevalence of sign-up bonuses coupled with above marginal
cost pricing for leisure goods (such as credit cards) and the prevalence of high sign-up costs with lower-than marginal cost pricing
for investment activities (such as attending a health club) [8].

For example, all the papers cited in Footnote 1 make this assumption.

For example, in their influential book “Thinking Fast and Slow”, Kahneman describes a dual-system of decision-making in
which System 1 is a fast, intuitive thinker potentially prone to bias and System 2 is a slow, contemplative thinker that effectively
optimizes [9]. He argues that, most of the time, System 1 is in control of our decisions but System 2 will take over when the
situation is warranted.

This will be useful notation for describing equilibrium provision of the good to the consumer.

Since each X; is finite, X is also finite. As a result, the consumer will always be able to make an optimal choice from X.
For example, the product x = (h(6),0h(0)) is such that Vi (x) = Ah(6) > 0.
Indeed, the utility of a naive consumer from product (h(6), 0h(9)) is

Vi ((1(8),01(8)) = (8 + A)h(8) — 6h(6) = AR(8) > 0.
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