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1 Introduction

The theory of optimal screening with privately-informed agents has been fruitfully
applied to many settings, including optimal taxation (e.g., Mirrlees (1971)), second-
degree price discrimination (e.g., Mussa and Rosen (1978), Maskin and Riley (1984)),
and regulation (e.g., Baron and Myerson (1982)). In each case, a principal (e.g., tax
authority, monopolist, regulator) designs an optimal menu of choices (e.g., a nonlinear
schedule or tariff) from which the privately-informed agent selects. Importantly, it is

assumed that the agent rationally equates marginal benefits with marginal costs.

Suppose instead the agent has difficulty discerning the relevant margin from the
offered nonlinear schedule and wrongly focuses on average price. What is the optimal
contract in light of this bias? We specialize this question to the setting of monopoly
nonlinear pricing, supposing that buyers wrongly consume where marginal benefit
equals average price — an error we call average-price bias. This paper’s purpose is to
understand how a strategic monopolist would exploit such a bias, and to explore the
welfare implications of such behavior.

Several papers document the presence of average-price bias in decision making.
For example, in Koichiro Ito (2014), spatial discontinuities in electricity service areas
in California from 1999-2007 are used to identify the perceived consumer price that
determines demand; the paper finds that average price explains short-run demand
variations far better than the marginal price predicted by neoclassical theory. Blake
Shaffer (2018) finds additional supporting evidence in the British Columbia electricity
market.! Laboratory evidence also documents a bias toward average prices. Using a
sample of MBA students instructed to choose between two investment decisions (one
tax free and one taxed), de Bartolome (1995) finds that most students fail to compute
the correct marginal tax rate from the provided tables, relying instead on the average

rate.

The evidence to date of average-price bias is provocative, if not persuasive, but we

IShaffer (2018) includes a richer model of consumer heterogeneity, allowing for multiple behavioral
types, and estimates 85% of behavioral types exhibit average-price bias.
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do not seek to rationalize average-price bias in this paper. Our purpose is simply to
take average-price bias as an exogenous feature of consumer decision making and
draw out the theoretical implications.” To this end, we combine the textbook model
of monopoly nonlinear pricing with the assumption of average-price bias. We find
the mechanics of optimal nonlinear pricing with average-price biased consumers is
remarkably simple and an interesting contrast to the standard model. First, in a
world with biased consumers, we show that the monopolist no longer faces a tradeoff
between information-rent extraction and efficient consumption. Instead, because
consumers effectively perceive the nonlinear price offering of the monopolist as a
linear function, private information is freely (and indirectly) revealed. That said,
average-price biased consumers still earn consumer surplus through what we call
curvature rents. We document how the monopolist’s desire to extract curvature rents
rather than information rents leads to significant differences in the shape of optimal
nonlinear prices. In the simplest quadratic preference model, the quantity discounts
arising in Maskin and Riley (1984) are replaced with quantity premia. Second,
because the average-price bias represents both a cost and a benefit to the monopolist
(i.e., curvature rents have replaced information rents), it is unclear that a monopolist
will prefer to face rational consumers or those with bias. Indeed, with constant unit
costs, quadratic utility, and uniformly-distributed preferences, we show that expected
monopoly profits and consumer surplus are equal across the regimes, although the
quantity allocations are distinct. We then introduce cost nonlinearities to identify
sources of variation in profit and surplus across the two settings, illuminating the
consequences of average-price bias on cost pass through.

At least a few theoretical contributions are related to this paper. First, many
papers have incorporated models of decision-making from behavioral economics and

psychology into the standard contracting paradigms.’ These are directly related to

2The literature on inattention and salience provides evidence that consumers are inattentive to the
correct prices: e.g., ignoring taxes that are not salient (Chetty, et al. (2009)), treating shipping costs on
eBay differently from product prices (Hossain and Morgan (2006)), and ignoring fixed-price offers that
are dominated by eBay auctions (Malmendier and Lee (2011)). Della Vigna (2009) surveys the evidence
of limited attention, salience and suboptimal heuristics from field experiments.

SKoszegi (2014) provides a survey.



the nonlinear pricing framework of the present paper. Carbajal and Ely (2016) and
Hahn, et al (2018), for example, introduce loss aversion and reference-dependent
preferences (as in Koszegi and Rabin (2006)) into a nonlinear pricing model. Our
paper is in the same spirit but focuses on average-price bias. A separate literature
considers “unawareness” in contracts where the agent may be unaware of
contingencies and the principal may leave contracts incomplete, lest attention be
drawn to the unconsidered dimensions.* In our setting, the consumer is unaware that
the price schedule is nonlinear, but we do not consider the possibility that changes in

the principal’s contract could alter this belief.

The working paper of Liebman and Zeckhauser (2004) is perhaps closest to ours.”

Liebman and Zeckhauser’s focus on two forms of agent bias, one of which is
average-price bias (what LZ refer to as “ironing”), which they consider in a model of
monopoly pricing with two consumer types. In their nonlinear pricing application,
the monopolist prefers biased consumers to rational consumers — in contrast to our
results — because they restrict attention to price schedules that are piecewise linear,
convex, and originate from the origin. Such price schedules leave positive rents to
low-demand consumers which is suboptimal with unbiased consumers. LZ also do
not identify the tradeoff between information rents and curvature rents. Illuminating

this tradeoff is a primary contribution of the present paper.

4Gee, for example, Filiz-Obay (2012), in the context of insurance.

SFarhi and Gabaix (2018) develop a general framework of optimal taxation with behavioral agents
which is sufficiently general that it can embed the biases in Liebman and Zeckhauser (2004), as well
as a long list of other well-studied heuristics and biases. We emphaszie the specific implications of
average-price bias, for which the economics analysis in LZ is more directly related.
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2 Nonlinear pricing without bias

2.1 Preferences

We begin with the textbook® model of nonlinear pricing by a monopolist, and suppose

that a consumer’s payoff is

u(q,0) — P(q),

where g € Q = [0,7] is the quantity (or quality) consumed, 6§ € © = [0, 01] is the
consumer’s type which is distributed according to a continuous, log-concave
distribution, F (density, f), and P(g) is the total payment made to the firm for g units.
We assume that u is twice continuously differentiable, strictly concave in g,
u(0,0) = 0, ug(q,0) is nonnegative and bounded, and u4(g,68) > 0. The familiar
single-crossing property implies higher type consumers have a higher marginal value
of consumption. The consumer’s outside option is normalized to zero.

The firm’s per-consumer cost is C(g) — convex and continuously differentiable. The
tirm offers the consumer a nonlinear price schedule, P : O — ¥, in order to maximize

expected profits,

Eq [P(q(0)) — C(q(0))],

where ¢(0) denotes the incentive-compatible consumption of the type-0 consumer

when offered P(-).

2.2 Optimal nonlinear pricing without bias

We initially assume that consumers are unbiased in order to reproduce the standard
nonlinear pricing results as a benchmark. Denote the optimal price schedule as P"(-)
and the corresponding allocation for type 6 as 4" (-). Throughout we use the superscipt
“n” to indicate the unbiased, neoclassical consumers from the textbook model. In
contrast, for the average-price-bias setting, we will denote the optimal price schedule

and allocation as P(-) and (), respectively.

6See, for example, Tirole (1988), chapter 3, and Maskin and Riley (1984).
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Given a price schedule, define the consumer surplus for the unbiased setting as

ut(e) = rl;neagx u(q,0) — P(q).

As is well known, an allocation () is implementable by some nonlinear price
schedule, P, if and only if q is nondecreasing and the derivative of U" is equal to
ug(q(0),0) almost everywhere. The latter envelope condition implies that the

consumer’s expected surplus in any incentive-compatible mechanism is

oo,

Eo [U"(0)] = Eq |U"(60) + ’ ug(q(s),s))ds| = U"(6o) + Eq |ug(q(0),0)
8o f(0)

Because profits equal the difference between the social and consumer surpluses,

By [IT"(0)] = Ep[u(q(6),0) — C(q(6)) — U"(0)]

_— [u(q(@),e) —c(ge)) - L=EO®

o) 1alal6),6) - U”@o)] |

We make the standard regularity assumption that this integrand exhibits increasing
differences in (g,60), ensuring that the pointwise maximum of g over 6 is

nondecreasing.” Thus, the optimal allocation for the monopolist is

W 7"(6) = argmax u(q,8) — C(q) — #ume»

geo

and the corresponding price schedule satisfies

dP"(q)/dg = uq(q,9"(q)),

where 9" (g) is the inverse of 4" (6), and

P"(q"(60)) = u(q"(60),60)-

’Given that F is log concave, increasing differences arise if 1(q, 6) and C(q) are quadratic functions.
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The optimal nonlinear pricing solution exhibits three properties.

1. No surplus at the bottom. The lowest-type consumer gets zero surplus, regardless

of whether ¢"(6p) is positive.

2. No distortion at the top. The highest-type consumes efficiently, u,(q"(61),61) =
C'(¢"(61)). The monopolist distorts consumption only to extract information

rents, but the latter (captured by uy(g,6)(1 — F(0))/ f(60)) is zero for the highest

type.

3. Quantity discounts are optimal if C(q) = cq and u is quadratic. As noted by Maskin
and Riley (1984), under mild assumptions the price schedule exhibits quantity

discounts.®

These three properties are absent when consumers exhibit average-price bias.

3 Average-price bias

3.1 Behavioral Assumption of Average-price Bias

The contribution of this paper is to consider the possibility that consumers incorrectly
use average price when choosing consumption, q. A simple behavioral rule which
encapsulates this bias requires that for a given price schedule, P(g), a consumer

chooses output to satisfy

(2) g € argmax u(4,60) — Mq.

jeQ q
Notice that this optimization problem is self-referential: we require that the g that is
used to determine the average unit price is also the solution to the consumer’s choice
problem. For simplicity, we assume that if there are multiple solutions to (2), then

the monopolist’s preferred solution is selected; if no solution exists then the consumer

8More generally, quantity discounts arise if ug00(q,0) < 0and ug(q,0) <0.
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chooses g = 0.? To this end, define the correspondence

Q(8,P) ={q | uq(q,60)q = P(q)} U{0}.

The monopolist chooses the schedule P(-) and a selection, g(8) € Q(6, P) to maximize
expected profits.

Although our primary goal is to explore the consequences of (2) for optimal
nonlinear pricing, we briefly posit two foundations for our behavioral rule. Both arise
from a misspecification error by an otherwise rational consumer — the consumer

incorrectly believes the firm’s price schedule is linear.

Model 1: Learning with misspecification bias

The behavior in (2) can be rationalized with a dynamic-learning model similar to that
in Bengt Holmstrom (1999). Assume the consumer incorrectly believes that the data
generating process for prices is governed by P; = (pt + €t)qt, where p; is the
perceived constant linear price of the monopolist in period ¢ and ¢; is i.i.d. normal
measurement error. The consumer also believes the monopolist changes prices from
period to period according to p; = p;—1 + 11, where 7, is another i.i.d. normal process
with zero mean; this assumption conveniently ensures the consumer never stops
learning.  Finally, assume an initial, normally-distributed prior estimate of the
monopolist’s price at the start of the game, p;. For this normal-learning model with
misspecification bias, an otherwise statistically-capable consumer would estimate the

unit price of the monopolist in period ¢ (¢ > 2) to be

_ _ P(g;_
Py = APy 1+ (1— /\t)—(qt 1)/
qi—1

where A; gives the variance-minimizing weights on the past-period’s belief and recent

price information. A; is a deterministic function of the variances of ¢, # and the prior

9This assumption is inconsequential, as we will see the optimal price schedule will never exhibit
multiple, positive solutions.



belief, p1.!” The consumer will choose g; each period to equate marginal utility to the

expected (perceived) marginal price, yielding a first-order dynamic relationship

P(g;—
g (qe,0) = Avtg(g1-1,0) + (1 - At)%,

where A; converges to A € (0,1) and the output satisfying (2) is a steady-state

solution.!!

Model 2: A communication mechanism leveraging misspecification bias

Our second foundation for (2) is also a heuristic to illustrate that the firm is able to
learn a biased consumer’s information for free.

Consider the following direct-revelation recommendation mechanism:
e Stage 1: the firm commits to a menu of prices and quantities, P(-):
e Stage 2: the consumer reports type, 6;

e Stage 3: the firm recommends g = r(f) and announces the associated “unit”

price p(#) = P(r(8))/r(0) from the set price schedule;

e Stage 4: the consumer either follows the recommendation, choosing g = (f)

and paying p(8)r(#), or chooses an outside option.

The consumer values this recommendation mechanism because it reduces

computational costs, though it is unrealistic to imagine the consumer can

107f & ~ N(0,he), 7 ~ N(0,hy) and p1 ~ N(0,h1), where the h;’s are precisions (inverse variances)
of the random variables, then following Holmstrom (1999),

-1
At = (Z—f—hg—)ttl) .
h77

HFor A; sufficiently close to 1 (which arises if 7 has sufficiently small variance and sufficient time
has passed), consumption around 7 is locally stable if 1,(q,0)q — P(q) is locally concave. Furthermore,
if utility is quadratic and unit costs are constant, for the static-optimal price schedule P (derived in
Proposition 1) , the difference equation reduces to

@ =7) = A1 = 1) (g1 = 7),
and consumption converges globally, g; — 7 = %. Formally, we have derived (2) as a “restricted
perceptions” learning equilibrium, in the words of Evans and Honkapohja (2001).
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communicate a complicated object such as 6 without noticing that P(g) is nonlinear.
Nonetheless, this mechanism illustrates why the consumer will reveal 6 to the firm
without any information rent. The consumer believes P(g) is linear and, therefore,
the announced unit price p(f) is a sufficient statistic for the entire schedule. Under
this misperception, at stage 4, the consumer will follow the firm’s recommendation if
either r(8) = 0 or
r(0)

At stage 3, the firm will make recommendations to satisfy these conditions (doing
otherwise would lead the consumer to exit the market). At stage 2, because the firm
has committed to P(-) and cannot introduce off-menu recommendations, the
consumer, believing the menu is linear, believes the firm has no incentive to give an
improper recommendation. At the reporting stage, the consumer misperceives that
the firm and consumer are playing a common-interest game. As such, the consumer
finds it optimal to report truthfully, § = 6. In stage 1, the firm generally does not find
it optimal to offer a linear price schedule, so the stage 3 recommendation serves only
to direct to consumer to a choice g € Q(6, P), without allowing the consumer to learn
of the misspecification bias. The result of consumer’s misspecification is that a price
schedule with a recommendation mechanism can elicit the consumer’s type
information for free in stage 2, though the firm is compelled to direct the consumer to
a point satisfying (2) at stage 3. Consistent with this intuition, we will find that
nonlinear pricing does not generate information rents to the biased consumer
satisfying (2), though consumer surplus will be positive and driven by the curvature

of the consumer’s utility function.

As a specific example of a recommendation mechanism, suppose that u(g,0) =
09 — 3% C(q) = cq and the firm offers a Stage 1 price schedule of P(q) = qc + g*. (We
will show below that this price schedule is profit maximizing.) As illustrated in Figure
1, an agent who reports type 0 can be induced to choose §(0) = (0 — c) /2 at total price
of P(q(0)) = (6 +c)(6 — c)/4 — a point where the convex price schedule intersects his

indifference curve — because he incorrectly perceives a linear tariff through that point
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(dotted line) which is tangent to his indifference curve with slope (6 +¢) /2.
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Figure 1: Here, c = 2 and = 10. The principal offers the convex menu P(g) = 27 + g2 (solid curve),
recommends the agent to choose the menu item {p(0) = 24,7(6) = 4}, and induces this by letting the
consumer believe he is facing the tariff P(q) = 6q (dashed line). The concave indifference curve of the
agent is tangent to D at ¢ = 4, but of course the agent could do better by selecting g = 8/3 if they were
aware of their mis specification.

3.2 Implementability and curvature rents

Recall that the monopolist chooses a price schedule, P(-), and a selection from the bias-
choice correspondence, Q(6, P). We now determine which quantity allocations, ¢ :
© — Q, are implementable and the price schedules that implement them. Compared
to the setting with unbiased consumers, the answer is relatively straightforward. The
key is to note that for any type 60, 4() > 0 can be implemented by offering a price
P(q(6)) such that

Any type 6 can be induced to choose any 4 > 0, in isolation, by choosing a price
schedule whose average price P(g)/q is equal to the marginal utility of the type-6
consumet, 1,(q,6) at 4. Similarly, the monopolist can implement q(6) = 0 for any type
6 by fiat. Not every allocation mapping, q(-) : ® — Q is implementable, however,

because P(q) must be a function giving a single price for each q. Consequently, it is
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impossible to implement the same g > 0 for two different types of consumers: e.g.,
P(q)/q = ug(q,0) implies P(q)/q # uq(q,0") for 6 # 6'. Except for the infeasibility of
implementing pooling allocations for some g > 0, there are no other restrictions. We
conclude that an allocation (-) is implementable under average-price bias iff it is fully

separating over positive quantities. In such a case, the implementing price schedule is

_ uy(q,9(q))g forallg € g([f,61]) and g > 0
® OERE o

(S otherwise
where 8(q) =7 '(q) for g > 0.

Because 1(q,0) is strictly concave, a consumer equating marginal utility equal to
average price necessarily obtains surplus. To be clear, define the difference between a

consumer’s average utility and marginal utility by
u(g, 0
A(g,0) = % —ug(q,0) > 0.
Consumer surplus, given (3), is therefore

CS(q,0) = u(q,0) — P(q) = u(q,0) —ug(q,0)g = Aq,0)q.

A consumer who chooses positive consumption will obtain surplus that is
proportional to the curvature of the utility function. Consequently, we call A(g,0) the
marginal curvature rent of type 6 from consuming g.'> Because of this curvature rent,
a consumer’s participation constraint is trivially satisfied. Indeed, if §(6p) > 0, then
the lowest-type agent will earn a positive rent, unlike the standard nonlinear pricing

model.

12A may be independent of type (e.g., if u is linear in 6).
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3.3 Optimal nonlinear pricing with average-price bias

Given (3), finding the optimal nonlinear price under average-price bias is
straightforward. The firm maximizes expected profit, subject only to (3) and a
separation requirement. We proceed by considering the relaxed program (ignoring
separation) and verify that the solution does not induce pooling on positive outputs.

In the relaxed program, the firm chooses the allocation g pointwise in 6 to maximize

Eg [P(q(6)) — C(q(6))] = Eq [14(q(6),6)q(6) — C(4(6))] .

For simplicity, we maintain the following assumption:
Assumption 1. For all 8, u,(q,0)q — C(q) is concave in q.

Given A.1, the solution to the relaxed program satisfies

ug(7(0),0) — C'(@(6)) = —uqy(q(6),0)7(6)

for g(0) > 0 and q(0) = 0 otherwise. Because u49 > 0, the relaxed solution is strictly
increasing in 6 for for positive consumption and, hence, is a solution to the unrelaxed

program.

Proposition 1. The optimal allocation under average-price bias satisfies

4) ug(q(0),0) — C'(4(6)) = —uqy(4(6),0)7(6);

the optimal price schedule is

(5) P(q) = uq(q,9(q))q,

where 9(q) is the inverse of 0(q).

Several comparisons with the standard model are now available. First, the

optimality allocation is independent of F. As suggested above, average-price bias
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eliminates the costs of incentive compatibility; information rents (captured by the

inverse hazard rate of the type distribution) are no longer earned by consumers.

Second, although there are no information rents, there are curvature rents. Indeed,

one can rewrite the firm’s expected profits as social surplus minus curvature rents,

Bg [u(q(0),0) — C(q(6)) — A(4q(6),60)q(0)],

and thus interpret the first-order condition above as a marginal tradeoff between

efficient consumption and reducing curvature rents.

Third, for all types that consume, consumption is inefficient — this is true even for
the highest type. This everywhere-downward distortion reflects the tradeoff between
efficiency and curvature rents. This sharply contrasts with the standard nonlinear

pricing model, as in Maskin and Riley (1984).

Fourth, the lowest consumer type with average-price bias has (weakly) higher
surplus than the same type in the unbiased setting. In the average-price bias setting,
the lowest-type consumer earns U(0) = A(§(6p),00)q(0p), which is positive if
7(60) > 0. The monopolist leaves rents to a type-y consumer because it can’t extract
the agent’s surplus without raising the agent’s perceived average price, leading to

reductions in purchases.

Fifth, quantity premia are typically optimal. Recall that if u is quadratic and unit
cost is constant, then the optimal price schedule in the unbiased model exhibits
quantity discounts. In contrast, consider the optimal price schedule when consumers
have average-price bias. Letting ¢(q) represent the inverse allocation, substituting (4)

into (5) reveals

P(q) = C'(9)9 — uq(9,9(9))q".

If utility is quadratic and C"’(q) > 0, then P"(q) > 0 and there are quantity premia
rather than discounts. Intuitively, an increase in the true marginal price raises the
perceived marginal price less for high-consumption agents than low-consumption

agents, and so (ignoring terms above second-order) the firm will want to exploit this

14



misperception by increasing marginal prices with consumption. For average-price
bias consumers, quantity premia rather than quantity discounts are the norm. This

basic intuition is beneath the welfare results in Section 4.

We have exceptionally clear empirical predictions across the two settings. In the
standard setting with rational consumers, nonlinear prices depend upon the
underlying distribution of types and typically (e.g., with preferences well
approximated by a quadratic function) exhibit quantity discounts with full efficiency
for the highest-value consumer and no consumer surplus for the lowest types. In
contrast, when consumers exhibit average-price bias, the optimal nonlinear price
schedule does not depend upon the details of the type distribution, the schedule
exhibits increasing marginal prices, consumption is distorted downward even for the
highest-type consumer, and the lowest-type purchasing consumer earns a positive

(curvature) rent.

4 Welfare comparisons

We are interested in how profits, consumer surplus and welfare differ across the
standard model and the average-price bias setting. For this purpose it is useful to
observe that the monopolist’s program when facing biased consumers is
mathematically equivalent to perfect third-degree price discrimination with unbiased
consumers. To illustrate, suppose that the monopolist is facing a population of fully
rational consumers, observes each consumer’s type, but is constrained to offer a
linear price to each type: ie., P(q]6) = p(0)g. In this case, optimal prices are
determined using standard monopoly pricing: For any 6, the firm faces a demand
curve p = u,(q,0) and chooses price to maximize profit conditional on 6. Notice,
however, that for any price p(6), the revenue generated is p(6)q(6) = u,(q(6),0)q(0).
This, of course, is the same revenue earned in the case of average-price biased
consumers, (3). Hence, the allocation, profit and consumer surplus corresponding to

the case of average-price bias are equivalent to those arising from perfect
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third-degree price discrimination. = Welfare comparisons between settings of
average-price bias and rational consumers are equivalent to comparisons between

third-degree and second-degree price discrimination.

Returning to the task at hand, we have noted that the lowest-type consumer may
earn a strictly positive rent in the average-price bias game, implying that such
consumers do better compared to the standard model. This preference may not hold
for all consumers, however, as the slope of rent with respect to type may be flatter in
the bias setting. There is also ambiguity in terms of profits. In the bias game, the
monopolist eliminates all information rents, but at the cost of leaving curvature rents.
It is not a priori obvious which effect will dominate. In order to explore these different
effects, we investigate a model with quadratic preferences and uniformly-distributed
heterogeneity. We then illustrate how perturbations of this setting can impact welfare

properties.

4.1 Results for Uniform-Quadratic Preferences

We begin with a stylized but common model of monopoly pricing in which (i) unit
costs are constant, (ii) consumers have linear demand curves with identical slopes but
heterogeneity in the intercepts, and (iii) consumer heterogeneity is distributed

uniformly. Formally, we assume C(q) = cg,

u(q,0) = 09 — 277,

v > 0, and 0 is uniformly distributed on [y, 61]. Consequently, the 6-type consumer

has a neoclassical demand curve given by

p=0-—"q.

We also assume 01 > ¢ > ) so that it is inefficient to serve all types.

We first calculate the consumer surplus and profits associated with the standard

16



model. Using (1),

q"(0) = argmaxu(q,0) —cqg— (61 —0)g = %max {0,20 — 01 — ¢},
q9>0

and the corresponding optimal nonlinear price is

P'(g) =1 (61+c—2q).

The corresponding consumer surplus for type 6 is

negy — _pig) = L 9y )2
CS (9):r§§5<u(q,6) p (q)—47 (max{0,260 — 6, —c})”,

and therefore ex ante surplus is

P
CS™ = E[CS"(0)] = %

Similarly, we compute the firm’s profit from a type-6 consumer and its ex ante
expected profit:
I1%(8) = P"(9"(8)) — cq"(6),

IT" = E[IT"(0)] = %'

Note that IT" = 2CS". A similar relationship will hold in the case of average-price

bias.

We next compute profits and consumer surplus with optimal pricing in the
average-price bias game. This setting is mathematically equivalent to third-degree
price discrimination conditional on the consumer’s type, 6. The consumption

allocation under average-price bias is given by (4), which specializes to

7(0) = argmax (6 — yj — c)§ = max {O, E} .
>0 2
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The corresponding consumer surpluses and profits are

T5(6) = - (max{0,0 — c})?, TS = E[C5(8)] = — 1= )

87  249(01 — 6)’
3
Ti(0) = %(max{O,G _ e}, T= E[TI(6)] = %

As in the case of unbiased consumers, expected profits are twice the expected
consumer surplus. More remarkably, these ex ante values are equal across the
regimes. The expected benefit of eliminating information rents equals the expected

cost curvature rents.

Proposition 2. Suppose that u(q,0) = 6q — %%, C(q) = cq and 6 is uniformly distributed.
Then
II=11", CS=Cs"

Although profits and consumer surpluses are equal across the regimes, it is worth
emphasizing that the optimal allocations in the two regimes, 7 and 4", are almost
everywhere different. Furthermore, the marginal non-participating consumer type
under average-price bias, ¢, is different from the marginal consumer under the
standard second-degree price discrimination setting, % (c+61). Figure 2 illustrates

these differences.

4.2 Welfare for nonlinear costs

The result in Proposition 2 is knife edge and relies on constant unit costs, affording an
opportunity to understand how departures from constant costs will favor one regime
over the other, either in terms of profit or consumer surplus. In particular, we

¢ 2

consider simple variations with a more general cost function C(q) = co + ¢q + 34

and explore the impact on relative changes to surplus and profits.

Strictly convex costs: Suppose that ¢g = 0 but c; > 0; i.e., the cost function is strictly

convex with C(0) = 0. Assume also ¢; < 9, which implies that the unbiased
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3.5 4.0 4.5 5.0

Figure 2: First-best allocation, q¢,(6) = max{0,6 — 3.25}; “average-price bias” allocation, §(6) =

%max{O, 6 — 3.25}; second-degree price discrimination allocation, 4,,,;(6) = max{0,260 — 8.25}. In all

cases, g =3,00 =5,¢c=325=vy=1,a=0.

nonlinear price schedule exhibits quantity discounts; this is sufficient for our results
below. The previous analysis easily extends to this setting, albeit with slightly more
complex expressions. (The algebraic computations are available in an online

appendix.) We summarize these in the following proposition.

Proposition 3. In the quadratic-uniform setting with C(q) = cq + %4, forall c; € (0,7),

d — n
d—CZ(H—H)>O,

d% (C5—Cs™) <,

7o (M+C8—11"—C8") >0,

To be clear, an increase in cp lowers profit and consumer surplus, but such an
increase adversely impacts profits less (and consumer surplus more) under
average-price bias than in the unbiased setting. To understand the economics of the
result, note that an increase in ¢ of dcy raises marginal cost by gdcy. The firm in

either setting increases the marginal price for higher outputs in response. In the
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standard setting,

n _ ﬂ C2 —
and thus
d mr oy _ 4.
dCzP (q) o 2,

half of the increase in marginal cost is passed along to unbiased consumers in higher
marginal prices. In the case of average-price bias, however, increases in the price
margin are less salient and an excessive amount of the marginal cost increase is

passed along

P(q) = cq+ (v +c2)q?,

and thus

d —i
Fd (9) = 2q.

Although marginal pass through is excessive, the consumer perceives only half as

much pass through of the marginal cost increase:

It follows that a slight convexity in costs will tilt a firm toward a preference for
consumers with average-price bias. The reverse is the case for changes in fixed
per-consumer costs.

Fixed costs: Suppose that marginal costs are constant, but there is a positive
per-consumer fixed cost: ¢ = 0, cg > 0. In the general case in which not all
consumers are served under either regime, 4" (0) and §(6) exhibit positive jumps for
the marginal consumer types so the algebra to derive I1" and II is decidedly more
tedious. Nonetheless, computing a general comparative static result for cy is

straightforward if c( is not too large relative to the gross profit earned for the highest

’cype.13

13The firm will only participate in the average-price bias regime if it makes profit for the highest type:
81 — c > 2,/co7y. The requirement of Proposition 4 is slightly stronger. The algebraic computations are
available in an online appendix.

20



C2 2

Proposition 4. In the quadratic-uniform setting with C(q) = cq + %q°, In the quadratic-
uniform setting with C(q) = co + cq, for cq sufficiently small (,/co7 (2 + V2) < 61 — ),

d T n
d—cO(H—H)<O,

diCO (C5—Cs™) >0,

do (IT+CS —1II" — CS") < 0.

The introduction of a small fixed cost reduces profitability and consumer surplus,
but such a cost increase adversely impacts profits more (and consumer surplus less)
under average-price bias than in the textbook setting. Fixed costs can be easily passed
onto neoclassical consumers with increases in the fixed component of a price schedule,
but introducing a fixed increase in P will be misunderstood as an increase in marginal
price for consumer with average-price bias. Consequently, less of the fixed fee will be
passed along to biased consumers which is evident in the price functions:

" 1
P"(q) = 5e0+ (61 +¢) - 17,

P(q) = cq + vq*.

Half the fixed cost is passed along to neoclassical consumers, yet it is entirely
absorbed by firms serving average-price biased consumers (though a measure 2, /coy
of biased consumers will be excluded from the increase in fixed cost). Firms fare
worse following the introduction of a fixed cost when facing a population of biased

consumers.

5 Extensions and concluding comments

A few extensions suggest themselves. First, it is plausible that the population of

consumers contains some who are neoclassical and others that suffer from
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average-price bias. This is certainly consistent with the experimental work in de
Bartolome (1996) and in recent work by Shaffer (2018) which indicates distinct
behavior types. How should the firm alter its nonlinear price schedule if it must offer
the same schedule to all consumer types?

A second extension is to take seriously our model of adaptive consumer learning
with a misspecified model, and ask how the firm would want to manipulate the
consumer on the path to a steady state. In a fully dynamic model, the firm may find it
optimal to depart from the steady-state contact in Proposition 1 to better extract
curvature rents and improve profits by manipulating the consumer’s learning
dynamics along some path.

A third direction for future research is a deeper analysis of recommendation
mechanism design problem when facing a population of average-price-bias
consumers — an analysis that would allow a firm to inform consumers of their bias as
part of the communication mechanism. A general investigation of such mechanism

design with behavioral agents seems potentially valuable.
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Online Appendix

Proof of Proposition 3: We first compute the formulas for the profits and consumer surpluses
under each regime under the assumption that C(q) = cq + %4°.

Profits and surplus in the standard model: The optimal allocation is given by pointwise
maximization of the virtual surplus function. We obtain

29—C—91}

) = 0,
7(6) = max {0, 2

For participating types, the inverse allocation is

c+qg(y+c)+61

¥(q) = 5

The marginal consumer type is determined at the greatest type for which 4" (6") = 0 if such a
type exists, and 6" = 6, otherwise.

9”:max{90,c+91}.

2

The optimal nonlinear price schedule can be found by integrating the consumer’s marginal
utility function:

P'(g) = /Oq ug(x,9"(x))dx = g <91 +c+ 62;7q> :

From here, we can directly compute type-6 consumer surplus and profit.

n = n n(n . (C+9 —29)2
u(0) = u(q"(6),0) — P"(q"(6)) = W
7'[71(9) = u(qn(g)/e) _ C(qn(e)) . un(e) _ (C + 20 —4?311_(2:)‘ 0 — 29).

Integrating these expressions over the interval [6", 61] yields (after simplification)

n__ o n — (9 _C)S

CS" = /n u"(6)do = 24 (v +1cz)(91—90)’
n__ o1 n — (9 _C)3

I = /,1 7" (0)do = 12(y +162)(91 —6o)

Profits and surplus in the average-price bias model: The optimal allocation under average-price

bias satisfies 0
—c
7(0) = 0, —— ».
7(6) =max {0, 7|

The associated inverse allocation for participating types is therefore
9(q) = max {0,c+ (c2 +27)q} -

The marginally-participating type is # = max {6o, c} . Following Proposition 1, the optimal
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nonlinear price is

P(q) = cq+ (v +c2)q”
Consumer surplus for type 6 is
_ )2
c5(6) = u(q(6),0) ~ P(q(6) = 55—
Profit is accordingly
#(8) = P(3(8)) — C(7(0)) = 0=
7(6) = P(60)) ~ CA(6)) = 515

Integrating these expressions over the interval [0, 01] yields (after simplification)

- _ (00
cs(0)do = 6001 — 60) (27 T+ c2)’

— 0 (6 —c)?
= /é (0)d8 = 6(61 — ;0)(274- )’

S —

S—

Combining terms: We combine the above expressions into the objects under study and simplify:

ﬁ_HVl — C2(91_C)3
12(61 — 6p) (27 + c2) (v + ¢2)”
CS—(CS" = — C%(Gl_c)?)

24.(91 — 90)(2’)/ + Cz)z(’)’ + Cz)’

co(4y +c2) (6 — )3
24(61 — 60) (27 + c2)? (7 +c2)

(TT+ CS) — (IT" + CS") =

Differentiating with respect to ¢, yields

2_ 2 _ )3

a (T 11") = (297 —c3) (61 2C) 2,

dCz 12(91 — 90)(2’)’ + Cz) (’)’ + Cz)
= 2 =207 — 49?)(6; — ¢)®

i (CS _Csn) _ CZ(CQ Y Y )3( 1 C) 5

dcy 24(01 — 600) (27 + c2)3(y + ¢2)

d — — (87 — 6%y —c3) (01 — ¢)®
— (II+CS—11"—-CS") = 22 :
a; 1T )= %16, @21 T (7 T
Noting that 8; — 6y > 0 and 0; — ¢ > 0, we have the following relationships:

d —

dcz(n—nﬂ)>0 = 0 <V2y,
d == n 2 2
d—CZ(CS—CS)<O = 520747 <0,

di (II+CS—I1"—-CS") >0 <= 87> > c5(c2 +67).
2

By assumption, c; < 7, so all three inequalities are satisfied.

O]

Proof of Proposition 4: We first compute the formulas for the profits and consumer surpluses
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under each regime under the assumption that C(q) = co + ¢q.

Profits and surplus in the standard model: Participating consumers will choose (as in the linear-
cost case)

20 —c — 91
n 9 — ,
q"(0) —
and the inverse allocation is a0
c Y 1
8"(q) = T

Now, however, the allocation for the marginal consumer will exhibit a discontinuous jump.
The marginal consumer type is determined at the point where virtual surplus is zero:

u(q"(6"),6") —cq"(6") — (61 — 6)q" (6") = co.

Solving for 6", we obtain

o — ¢+ 601+ 2v¢c
— 5 .

Thus, the optimal allocation is

29*(‘791 f 8 > 911
7O=q
0 otherwise.

Because the marginal consumer will obtain zero rent, we can determine the optimal price
schedule by integrating the consumer’s marginal utility accordingly:

n nigny gn 1 " 1 q 0%
P"(q) = u(q"(6"),0 )—f—/qn(en)uq(x,ﬁ (x))dx = Eco—f- E(91 +¢) — ZqZ‘

From here, we can directly compute type-6 consumer surplus and profit.

(29 —91 —C)2 B Co

' (6) = u(q"(8),6) ~ P"(q"(8)) = <= 1= -
w(6) = (q"(6),0) — Clg"(6)) — U"(6) = - (361 =20~ ) (20— 6y —¢)) = 3.

Integrating these expressions over the interval [6", 6,] yields (after simplification)

0 3 N B
cs" = / “ur(e)de = 4v2(co7)? +2 f;(elc_) 90)6co’Y(91 o)
= / " (00 = 4V2(coy)? + (61 — ) — 6coy(61 — )

! 127(61 — o) '

Profits and surplus in the average-price bias model: Because cy doesn’t impact the intensive margin,
the optimal allocation for participating consumers under average-price bias satisfies

0—c
29

q(6) =

The associated inverse allocation for participating types is therefore

¥(q) = c+24.
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The profit and surplus earned for participating types is given by

—c)?
w0 = O e,
_ 2
(o) = 8;) .

The marginal consumer is determined by finding the type for which 77(0) = 0, if one exists,
and 0y otherwise:

0 = max {6y, c +2,/co7} .
Integrating these expressions over the interval [0, 01] yields (after simplification)

e [ (61— 0)° —8(co7)?
CS—/gcs(G)dO— @0

= [h_ B 16(coy)? + (61 — ¢)® — 12c97(61 — ¢)
m _/g 7(0)d0 = TE—.

Combining terms: We now combine the above expressions into the objects under study and
simplify:

— . co((8—2v2) /ooy —3(61 —¢))

HeE 6(61 — o) ’

o ~on_ C(3(01—c) — (4+2v2)/c07)

CS—-Cs" = 1200, — o) ,
= | =G n ) eeny _ C0((4—2V2) /G0y — (61 —¢))
(IT+CS) — (IT"+CS") = (6, — 60) .

Differentiating with respect to ¢y yields

d — . (4=V2)/7 (61 —¢)

e (e

d == o (61—¢) — 2+ V2) /ey

deg (€5~ C€5") = -6
d e e 32— VD) ey — (6 —0)
d—CO(H—FCS—H —CS") = 206, — o) .

Noting that 8; — 6y > 0 and 6; — ¢ > 0, we have the following relationships:

;:O(H—H”)<O — (4—V2)\/coy <0 —c,
di(CS—CS") >0 <= (2+V2)/er <6 —c
0

dfl: (TI+CS—1II"-CS") <0 <= 3(2—V2)y/coy < b —c.
0

By assumption, (2 + \ﬁ) /€0y < 01 — ¢, so these three inequalities are satisfied. O
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