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Abstract

We study a monopolist’s optimal choice of menu size when consumers have heterogeneous
cognitive abilities. Within a parametric family of quality-price screening menus indexed by the
number of tiers N, the monopolist commits to complexity anticipating that cognitively con-
strained consumers may exit, evaluate only a subset of options, or choose suboptimally. The
interaction is formalized as a Stackelberg game. Our central result—the Complexity Laffer
Curve—establishes that expected profit attains an interior maximum in N: screening gains
from finer menus eventually give way to behavioral losses as cognitive overload erodes partici-
pation and decision quality. We prove existence of an interior profit-maximizing menu size N*
under explicit sufficient conditions, without claiming the profit profile is globally unimodal. Un-
der a tractable exit-only variant, we establish three sharper results: constrained consumers yield
weakly lower profit than the rational benchmark (Condition R); a first-order stochastic domi-
nance (FOSD) shift toward higher cognitive types raises profit at every N; and the optimal menu
size lies in a bounded range. Simulations further reveal that the profit-maximizing complexity
strictly exceeds the welfare-maximizing complexity, providing intuition for complexity regula-
tion in markets with heterogeneous consumers. Our results connect classical screening theory

to the literatures on consideration set formation, choice overload, and incentive complexity.

1 A Guide for the Reader

This section summarizes the paper’s argument in ordinary language, with no equations, for readers
who want the intuition first—or instead of—the formal derivations. Readers who prefer to start

with the model can go directly to Section 2.

What the paper does. A firm has to decide how many versions of a product to sell—how
many pricing tiers, subscription plans, or quality levels. Standard economic theory says: offer as
many as you can profitably tell apart, because every additional tier lets you charge closer to what
each customer is actually willing to pay. That logic assumes customers can always make sense of
whatever menu they are shown, no matter how large. We ask what happens to that logic once

some customers—not all, just some—find large menus hard to process. We build a model in which
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the firm picks a single number, the number of tiers N, and then customers of varying cognitive
ability respond to that menu as best they can. The paper asks: what number of tiers maximizes
the firm’s profit once this is taken into account, and does it differ from the number that maximizes

total social welfare?

The underlying idea, in one sentence. Adding another tier to a menu has two opposing
effects: it lets the firm price-discriminate more finely among customers who can handle it (a good
thing for profit), but it pushes some customers past their cognitive limit, causing them to walk
away, skim only part of the menu, or pick something they would not have chosen with a clear head
(a bad thing for profit, because a customer who leaves or picks badly is a customer who is not
paying full price, or is not paying at all). At a small number of tiers, the first effect dominates
and profit rises with complexity. Eventually, if the firm keeps adding tiers, almost every customer
becomes overwhelmed, and profit is driven back down to zero. Since profit starts positive, and
must eventually hit zero, and moves continuously between these two points as tiers are added one
at a time, there has to be some number of tiers in between where profit is highest. That is the

entire logical content of our headline result—mothing more exotic is going on.

Why we call it a “Laffer curve.” The original Laffer curve makes exactly this kind of argument
about tax rates: revenue is zero at a 0% tax rate, revenue is zero at a 100% tax rate (nobody
bothers to earn taxable income), and revenue is positive somewhere in the middle, so there must
be a revenue-maximizing rate strictly between the two extremes. Nothing about that argument
requires the revenue curve to rise smoothly and then fall smoothly with a single peak; it only
requires an interior maximum to exist. We use the term in exactly this limited sense. We do not
claim that our profit curve is single-peaked, that it has a unique maximum, or that it is concave
in the number of tiers—we are unable to establish any of these stronger properties, and we say so
explicitly wherever it matters (see the discussion after Theorem 12 below). The name refers to the

existence of an interior optimum, not to the shape of the curve around it.

What is new, and how it fits with existing work. Two existing literatures come close to this
question but stop short of asking it directly. One literature treats simplicity as a hard constraint
on what a mechanism designer is allowed to do (for example, requiring that a mechanism be easy
enough for consumers to understand at all). A second literature studies firms that deliberately
exploit consumer confusion as a competitive weapon. Our firm does neither: it faces no simplicity
requirement, and confusing customers is not in its interest, since a confused customer is dispro-
portionately likely to walk away without buying anything. Instead, complexity is simply one more
variable the firm chooses, trading off finer screening against behavioral breakage, in the same way
it might choose a price or a quality level. That framing—complexity as an ordinary choice variable
rather than a constraint or a weapon—is the paper’s main conceptual contribution. We view this
as opening up a specific, tractable question rather than settling the general problem of mechanism

design under bounded rationality: we restrict attention to a single, analytically convenient family



of menus (described in Section 4.2) and ask only how many tiers to use within that family, rather
than solving for the unrestricted optimal menu when customers are boundedly rational. Section 3

places the paper relative to the specific literatures it draws on.

How to read the formal results: what is a destination and what is a stepping stone.
The paper contains many labeled definitions, assumptions, propositions, and theorems. Most of
these are bookkeeping or intermediate steps needed to make the two main results watertight.

Concretely:

e Two results are the actual destinations. Theorem 12 (interior existence, in the general
model) and Theorem 16 (the sharper characterization available in a simplified special case)
are what the paper is ultimately arguing for. Everything else supports one of these two

theorems.

e Assumption 11, the “Interior Optimum Condition,” says in words: going from one tier to
two tiers has to be worth it. Concretely, it asks that not too many customers—fewer than
about 31% in the sufficient version we use—have so little cognitive capacity that they cannot
even handle a two-tier menu. If almost everyone can cope with two tiers, expanding from one
to two is a safe move for the firm, which is the first building block needed to get complexity

off the ground at all.

e Theorem 12 then says, in words: profit starts positive at one tier (part i); profit is driven
to exactly zero once the menu is so large that every customer, even the most capable one in
the population, gives up (part ii); and because a positive number can’t fall to zero without an
interior point along the way at least as high as where it started, there must be some number
of tiers that is at least as profitable as any other (part iii). Part (iv) is just the calculus-free
version of “the profit-maximizing point is a local peak”: profit was still rising the step before
it, and is no longer rising the step after it. We stress again what this theorem does not say:
it does not say there is only one such best point, and it does not say profit rises smoothly to

that point and falls smoothly afterward.

e Theorem 16 asks what more can be said if we simplify the behavioral story so that a confused
customer either walks away entirely or, if she doesn’t walk away, evaluates the menu just as
carefully as anyone else (i.e., we turn off the “skims only part of the menu” and “chooses
noisily” channels, keeping only exit). In this simplified world we can say quite a bit more

precisely:

— Part (i), Condition R, in words: a customer who is cognitively constrained never gen-
erates more expected profit, on average, than a customer facing the identical menu
who is fully rational—and generates strictly less whenever there is a real chance she is
constrained enough to walk away. This is intuitive once exit is the only friction: a con-

strained customer either leaves (zero profit to the firm) or stays and behaves rationally



(ordinary profit), so on average she can only do as well as or worse than a fully rational

customer, never better.

— Part (i), in words: total profit equals what the firm would earn from a fully rational
population, scaled down by the fraction of customers who do not walk away. As the
menu grows, the “fully rational” profit number would keep rising, but the fraction of
customers who stick around keeps falling; the best menu size is wherever the product of

a rising number and a falling number is largest.

— Part (iii), in words: if we compare two markets, one where customers are, on average,
more cognitively able than the other in a precise statistical sense (first-order stochastic
dominance), the more able market is at least as profitable at every menu size, not just

at the optimal one.

— Part (iv), in words: the best menu size in this simplified model is never just one tier and
never so large that everyone has already given up—it sits somewhere strictly in between,

and we can write down an explicit number beyond which it is guaranteed not to lie.

e Everything else—the surplus bound (Proposition 19), the welfare propositions (Proposi-
tions 22-23), the Stackelberg formalities (Definition 7 and Proposition 8), and the profit
decomposition (equation 7)—exists to make the two headline theorems precise and to set up
the welfare comparison. None of these is intended to be a standalone economic punchline;

they are the scaffolding.

e The welfare gap (N =1 < N* = 4 in our baseline calibration) and the claim that the
profit-maximizing profile looks single-peaked in practice are simulation findings, not theo-
rems. We flag this distinction every time it is relevant, including in the discussion of policy

implications in Section 7.

Bottom line. The formal apparatus exists to nail down one simple idea: once some customers
can be overwhelmed by choice, a firm that ignores this fact and keeps adding tiers is leaving money
on the table past some point, and a firm that accounts for it will stop short of full-blown screening.
Exactly how far short, and whether that stopping point is also good for society, are questions we

can answer sharply in a simplified special case and only illustrate by simulation in the general case.

2 Introduction

How many options should a monopolist offer? Classical screening theory answers unambiguously:
as many as needed to separate consumer types fully (Mussa and Rosen 1978; Maskin and Riley
1984). With fully rational consumers, richer menus yield finer price discrimination and higher
profit; the optimal menu is bounded only by the number of consumer types. This logic rests on

one critical assumption—that consumers evaluate any menu effortlessly, regardless of its size.



That assumption is increasingly difficult to defend. Over two decades of empirical research
document choice overload: confronted with large choice sets, consumers engage less, choose worse,
and are more likely to abandon the decision altogether (Iyengar and Lepper 2000; see Chernev,
Bockenholt, and Goodman 2015 for a meta-analysis). In financial markets, Huberman, Iyengar,
and Jiang (2007) show that 401(k) participation falls as the number of fund options rises. In online
retail, Natan (2025) estimates a structural model in which consumers consider only a fraction of
available products and consideration probability declines with assortment size. In the laboratory,
Abeler, Huffman, and Raymond (2025) demonstrate that complex incentive schemes distort effort
provision relative to simpler schemes with identical expected payoffs—not because workers are
irrational in general, but because the complex structure exceeds the cognitive budget needed to
evaluate it fully. Yet no formal theory of monopoly pricing derives the profit-maximizing menu size
when the designer accounts endogenously for the cognitive cost of complexity.

We develop such a theory. A monopolist faces a continuum of consumers who differ in both their
valuation type € (willingness to pay) and their cognitive type k (ability to evaluate complex menus).
Given a parametric family of quality-price menus indexed by the number of tiers N, the monopolist
commits to N to maximize expected profit. Consumers with cognitive type k& > NN evaluate the
full menu rationally; those with k < N may exit with probability increasing in cognitive overload,
evaluate only a randomly drawn subset of items, and choose with greater decision noise. This
three-channel behavioral model—exit, restricted attention, and noise—captures in reduced form

the qualitative effects that any model of cognitive resource exhaustion would predict.

The Complexity Laffer Curve. Our main result (Theorem 12) establishes that expected profit
attains an interior maximum in N: for small IV, the screening gain from adding tiers dominates; for
sufficiently large N, behavioral losses dominate and profit eventually collapses to zero. We call this
non-monotone pattern the Complexity Laffer Curve. The analogy to the Laffer Curve in public
finance (Laffer 1981) is deliberate: just as raising tax rates beyond a point shrinks the tax base and
reduces revenue, raising menu complexity beyond N* erodes the base of effective participants and
reduces monopoly profit. As with the original Laffer curve, the claim being made is only that an
interior optimum exists because the function is positive somewhere in the interior and zero at the
boundary; it is not a claim about the shape of the curve between those points (see the discussion
in Section 1).

Two important caveats apply. First, Theorem 12 proves existence of an interior maximum—it
does not prove the profit profile is unimodal or globally single-peaked; local optima may exist.
Second, the monopolist here is not a government but a mechanism designer who internalizes the

behavioral cost of complexity, which is why she does not push N to infinity.

Endogenous Complexity. We formalize the interaction as a Stackelberg commitment game:
the monopolist (leader) commits to N and consumers (followers) best-respond under cognitive
constraints. This situates our work between two adjacent literatures. The complexity-as-constraint

literature (Li 2017; Pycia and Troyan 2023) treats simplicity as an implementability requirement.



The complexity-as-weapon literature (Spiegler 2006; Gabaix and Laibson 2006) studies firms that
exploit consumer confusion. In our model, complexity is a design variable: the monopolist neither
faces a simplicity constraint nor deliberately obfuscates; she optimizes over complexity itself to

maximize profit.

Scope of the Contribution. We want to be precise about what kind of result this is. Solving for
the fully unrestricted profit-maximizing selling mechanism when buyers are boundedly rational—
optimizing simultaneously over the number of options, their qualities, their prices, and the allocation
rule—is a substantially harder problem than the one we solve here, and we do not attempt it.
Instead, we fix a specific, analytically tractable family of quality-price menus (Section 4.2) that
already has the property economists would expect from classical screening theory—profit rises
without bound in the number of tiers when consumers are rational—and we ask only how many tiers
from that family the monopolist should deploy once some consumers are cognitively constrained.
The payoff of this restriction is tractability: it lets us pin down an interior optimum with an
explicit proof rather than a numerical exercise. The cost is scope: our theorems are statements
about optimal complexity within this menu family, not about the unrestricted mechanism-design
problem under bounded rationality. We view the paper’s contribution as identifying and cleanly
answering a specific, previously unposed question—how much complexity should a designer choose
when complexity is costly in a behavioral sense—rather than as a general theory of mechanism

design with boundedly rational agents. We return to this scope limitation in Section 7.

Main Findings. FEuzistence (Theorem 12). Under three explicit assumptions, expected profit
attains an interior maximum N* > 2. The sufficient condition (Assumption 11) requires that fewer

than 31% of consumers have cognitive type below 2.

Ezit-only characterization (Theorem 16). Under a tractable special case: (a) Condition R holds—
constrained consumers yield weakly less profit than rational ones; (b) a FOSD shift toward higher

cognitive types raises profit pointwise in N; (¢) 2 < N* < Ny for an explicit upper bound.
Full-model FOSD (Conjecture 18). The pointwise profit ordering extends to the full model, as

verified computationally. We discuss why the formal proof is analytically obstructed and leave it

as an open problem.

Welfare gap (simulations). The profit-maximizing complexity N* = 4 exceeds the welfare-maximizing
complexity N =1 in our baseline. This gap is a simulation finding, not a theorem; we discuss its

economic interpretation and implications for complexity regulation.

Organization. Readers who want the intuition without the notation can consult Section 1 above,
which walks through the argument, the role of each main assumption and theorem, and the dis-
tinction between proved results and simulation findings in plain language. Turning to the formal

development: Section 3 surveys related literature. Section 4 presents the model. Section 5 develops



the main results. Section 6 presents simulation evidence. Section 7 discusses economic implications,

limitations, and extensions. Section 8 concludes.

3 Related Literature

Classical Screening. Mussa and Rosen (1978) and Maskin and Riley (1984) characterize the
optimal quality-price menu under private information with fully rational consumers. Profit is
strictly increasing in the number of tiers; the monopolist optimally screens as finely as the type
distribution warrants. Our Lemma 3 confirms this within our parametric family. The central

departure is bounded rationality: beyond N*, additional tiers reduce rather than raise profit.

Choice Overload and Large Assortments. Iyengar and Lepper (2000) document that con-
sumers presented with a large jam display (24 varieties) were significantly less likely to purchase
than those shown a small display (6 varieties), despite the larger set containing more potentially
preferred options. The effect is real but heterogeneous across contexts (Chernev, Béckenholt, and
Goodman 2015). In defined-contribution pension markets, Huberman, Iyengar, and Jiang (2007)
find that participation falls by roughly two percentage points per ten additional fund options.
Natan (2025) develops a structural demand model for large online assortments in which consider-
ation probability declines with assortment size. Our model is a pricing-theoretic counterpart: we

derive the profit-maximizing menu size rather than taking it as given.

Consideration Sets and Bounded Attention. Masatlioglu, Nakajima, and Ozbay (2012) pro-
vide an axiomatic characterization of attention in choice: from binary choice data, they identify
which options “attract” attention and recover the consideration set correspondence alongside pref-
erences. A key implication is that adding options can hurt consumers by crowding out attention
from previously considered alternatives—a mechanism captured in our model through the uniform
subset draw. Lleras, Masatlioglu, Nakajima, and Ozbay (2017) model how larger choice sets reduce
the probability that any given option is considered, generating “when more is less” patterns in both
choice frequencies and welfare. Our behavioral model is directly consistent with their framework:
the consideration set size m = min(|k|, N — 1) in Assumption 5 falls relative to menu size as N
grows, matching their key mechanism.

In the context of competitive markets, Eliaz and Spiegler (2011) model duopolistic competition
when consumers form consideration sets through costly search. A key finding is that consideration
set formation generates market power even among ex-ante symmetric firms. Our analysis is com-
plementary: we study a monopolist who cannot influence attention probabilities but optimizes the

menu size given the induced attention process.

Rational Inattention. Sims (2003) proposes that information processing capacity is scarce and
costly, and that optimal information acquisition can be characterized by mutual information costs.

Our behavioral model shares the spirit of rational inattention: consumers with lower k facing a



menu of size N > k have less residual capacity, leading to exit, restricted consideration, and decision
noise. The three channels correspond to the three ways an information-constrained agent can fall
short of rational evaluation. We treat the behavioral model as a reduced form for tractability rather

than deriving it from full entropy minimization.

Broader Behavioral Industrial Organization and Menu-Cost Literatures. Our paper
also connects to two literatures we engage with only briefly in the main text. Behavioral industrial
organization studies how firms and consumers interact when consumers depart from full rationality;
DellaVigna (2009) surveys field evidence on present bias, limited attention, and other departures
from standard preferences that shape firm strategy, and Ellison (2006) reviews how models of
bounded rationality have been incorporated into industrial organization, including settings in which
firms choose contract or price complexity in response to consumer confusion. Grubb (2015) surveys
models of consumer overconfidence and biased beliefs in the specific context of nonlinear pricing
and tariff design, a setting closely related to our menu family. On the rational-inattention side,
Caplin and Dean (2015) and Matejka and McKay (2015) develop discrete-choice foundations for
information-constrained decision-making, providing one possible microfoundation for the reduced-
form noise channel in Assumption 5 that we do not pursue formally here. Finally, our use of the
number of tiers as a costly choice variable echoes the older menu-cost literature in macroeconomics
(Mankiw 1985), where firms trade off the benefit of adjusting prices against a fixed cost of doing so;
our menu cost is behavioral rather than physical, but the underlying logic—that more adjustment

or more complexity is not free and the optimizing agent internalizes that cost—is the same.

Complexity in Mechanism Design. Li (2017) introduces obviously strategy-proof (OSP)
mechanisms and identifies which social choice functions are implementable at each simplicity level;
Pycia and Troyan (2023) extend this to a richer theory. Both papers treat simplicity as an ex-
ogenous implementability constraint. Our question is orthogonal: within a fixed mechanism class,
what level of complexity should the designer choose? Babaioff, Gonczarowski, and Nisan (2022)
study how few menu items suffice to approximate optimal revenue with rational buyers; we study

how many are too many with bounded rationality.

Complexity as a Strategic Tool. Spiegler (2006) and Gabaix and Laibson (2006) study com-
petitive markets where firms strategically exploit consumer inattention. In those models, complex-
ity is a weapon that benefits firms at consumers’ expense. Our monopolist is distinct: she wants
consumers to participate and purchase, so excess complexity that triggers exit is directly harmful

to her profit. This is precisely what generates the interior optimum.

Incentive Complexity and Field Evidence. Abeler, Huffman, and Raymond (2025) provide
field and laboratory evidence that complex piece-rate schemes distort effort provision relative to

equivalent simpler schemes. Workers under complex schemes provide roughly 10% less effort,



with the distortion concentrated among those with lower numeracy—consistent with our model’s

prediction that behavioral distortions are worse for lower-k types.

4 Model

4.1 Environment

A monopolist sells a product of variable quality ¢ > 0 to a unit mass of consumers. Each consumer
has a private type (0;, k;): a valuation type 0; ~ U[0,1] and a cognitive type k; ~ G on [1, k], drawn
independently. The valuation type determines willingness to pay: utility from option j at quality
q; and price t; is u = 0q; — t;. The cognitive type k parameterizes the ability to evaluate complex
menus; higher k£ means greater capacity. The outside option yields u = 0. The monopolist’s cost is
C(q) = ¢*/2. The assumption k > 1 ensures every consumer can evaluate at least one item.

The monopolist observes G but not individual realizations (6;, k;).

Notation. Let gy = tg = 0 denote the outside option. Under indifference, the consumer selects

the lowest-indexed option.

4.2 The Equal-Type-Partition Menu Family

We optimize menu size N within a parametric family {M(N)}J_;. This is a restricted mechanism
class: we optimize the number of tiers within a specific analytically tractable family rather than
solving for the fully unrestricted optimal mechanism under bounded rationality. The family is
constructed so that, with rational consumers, profit II#47(N) is strictly increasing in N' (Lemma 3),
converging to the full-screening benchmark 1/12. This makes it a natural vehicle for studying the
tension between screening gains (which increase in NV under rationality) and behavioral losses (which

also increase in N).

Definition 1 (Equal-Type-Partition Menu). Divide [1/2,1] into N equal-width intervals with cut-
offs0; =1/2+ j/(2N) for j=0,...,N. For tier j € {1,...,N}:

max(0, 20,1 — 1) ifj <N,
qj = o (1)
(On—1+6N)/2 if j =N,

t1 = 6o qi, (2)

tj =0;-1(¢j — qj—1) +tj—1 forj=2,...,N. (3)

The pricing rule sets price differences so that each consumer type ¢;_; is indifferent between tier
7 and tier j — 1—the standard binding downward incentive constraint in screening. Quality levels
are proportional to the lower endpoint of the assigned type interval, ensuring incentive compatibility

and individual rationality under rational choice.



Remark 2 (Dummy First Tier). For N > 2, tier 1 has 1 = 0 and t; = 0, payoff-equivalent to
the outside option under rational choice. It is a bookkeeping device; active screemning occurs across
tiers 2,...,N. For N =1, the single tier has ¢ = 3/4 and t; = 3/8, serving types 6 > 1/2.

Lemma 3 (Rational Profit).

16N3 — 16N + 9 1 1 3
TRAT (N} — = —_ -~ 4= 4
(V) 192N3 12 12N2 + 64N3 (4)

In particular, TI”AT (1) = 3/64 and TITS = limy_,o HBAT(N) = 1/12. The sequence is strictly

nCcreasing:

_ 32N®+21N? — 1IN -9
B 192 N3(N+1)3

mEAT(N 1) — TRAT (V) >0 VN >1. (5)
Proof. The closed form is derived in Appendix A. The numerator of (5), p(N) = 32N3 + 21N? —
11N — 9, satisfies p(1) = 33 > 0 and p/(N) = 96 N? + 42N — 11 > 0 for all N > 1. O

Remark 4 (Rational Monotonicity and Its Limits). Lemma 8 confirms the classical screening
logic: with fully rational consumers, finer menus always raise profit. Adding a tier separates an
additional pair of consumer types, generating incremental surplus that the monopolist can capture.
Our Theorem 12 shows this monotonicity does not survive bounded rationality: profit attains an
interior mazimum rather than increasing without bound. Note that TI¥S = 1/12 is the limiting profit

within this parametric family—not the unrestricted monopoly optimum under bounded rationality.

4.3 Behavioral Model

The behavioral model specifies how cognitively constrained consumers respond to a menu that

exceeds their processing capacity. Three channels operate sequentially:

e FExit (extensive margin): consumers facing an overwhelming menu may abandon the decision

entirely (Iyengar and Lepper 2000).

e Restricted consideration (attention margin): those who engage evaluate only a subset of
available options (Masatlioglu, Nakajima, and Ozbay 2012; Lleras et al. 2017; Eliaz and
Spiegler 2011).

e Decision noise (quality margin): even conditional on evaluating a subset, larger menus are
associated with higher noise in the selection process, consistent with rational inattention
(Sims 2003).

Assumption 5 (Cognitive Cost Structure). If k > N (sophisticated): the consumer selects
min arg max;eo,... N} (Og; —t;).

If k < N (constrained), with d =N —k > 0:

10



1. Exit stage: with probability v(d,k) = min(1, Ad/(k + 1)), A > 0, the consumer takes the
outside option and exits. With probability 1 — ~v(d, k), she proceeds.

2. Evaluation stage (conditional on not ewiting): she evaluates m = min(|k], N — 1) items

drawn uniformly without replacement from {1,..., N}, forming consideration set S.

3. Choice stage (conditional on not exiting): she perceives t; = 0q;—t;j+¢; for each j € SU{0},
where €; b N(0,7%d?/N?), n > 0, and eg = 0. She selects min arg max;egufoy Uy

On the Exit Probability. The form (d, k) = min(1, \d/(k+ 1)) increases in cognitive overload
d = N — k and decreases in capacity k: a barely-constrained consumer exits rarely; one whose
capacity is severely exceeded exits with high probability. The parameter A > 0 governs overall
sensitivity. By construction, v = 0 for sophisticated consumers (d < 0). The specific functional form
is used in Theorem 12(ii) to derive the explicit bound Np; the existence result in Theorem 12(iii)
extends to any exit rule satisfying (a) sophistication when k > N, (b) existence of some Ny beyond
which all consumers exit, and (c¢) the sufficient condition in Assumption 11. The specific formula

for Ny does depend on the functional form of ~.

On the Noise Variance. The noise variance n?d?/N? scales with (d/N)?: low when overload is
small relative to menu size, high when a consumer with limited capacity faces a large menu. This
is consistent with rational inattention: residual uncertainty grows when the information budget is

spread more thinly across more items.
Assumption 6 (Regularity). G has support [1,k], k > 2, continuous density g > 0 on (1,k),

G(1) =0, and finite mean and variance.

4.4 Game-Theoretic Formulation

Definition 7 (Complexity Commitment Game). The game has two stages:
1. Leader (momnopolist): commits to complexity N € N and offers M(N).

2. Followers (consumers): each consumer (0;,k;) observes M(N) and selects an option ac-

cording to Assumption 5.
The monopolist’s payoff is IL(N), and the leader’s problem is maxyen II(N).

The Stackelberg formulation is natural: the monopolist designs the menu before consumers
arrive (e.g., prints a product catalog or configures a pricing page), so the commitment to N is
observable and credible. The monopolist anticipates the distribution G but cannot condition on

individual realizations.

Proposition 8 (Stackelberg Structure). For each N, Assumption 5 defines a stochastic choice

rule By : [0,1] x [1,k] = A({0,...,N}) mapping each type (0,k) to a probability distribution over

11



options, with randomness induced by the exit, subset, and noise draws. The expected payoff IL(N) =
Eglm(0,k; N)| is a well-defined real number for each N. A Stackelberg-optimal commitment

N* € argmaxy II(N) exists and is interior under the conditions of Theorem 12.

Proof. For each (0,k, N), the consumer executes a finite sequence of measurable randomizations.
The composite rule Sy (6, k) is a well-defined probability measure on {0,..., N}, and II(N) is a

finite real number for each N. Interior existence follows from Theorem 12. O

Definition 9 (Choice and Profit). Let j* denote the option selected by the consumer. The exit
draw, subset draw, and noise draws are all internal to the consumer’s decision process; we write
E[- | k] for the expectation over 6 ~ U|0,1] and over all random components of the behavioral

process (exit, subset draw, and noise draws) for a consumer of cognitive type k.
Expected utility of type k: U(k, N) = E[u* | k], where u* = 0q;« — t;=.
Per-consumer expected profit: 7(0, k; N) = E[(tj+ —C(g;+))-1(5* > 1) | 6, k], where the expectation

integrates over all random components of the behavioral process.

Rational benchmark: 5747 (0, N) = min arg max;e(o,... N} (09 — 1), ufAT (9, N) = 0qjrar — tjrar,
URAT(N) = [ uPAT(0,N) dg, CSBAT(N) = URAT(N), and WFAT(N) = TIFAT(N) +CSRAT(N).

Total expected profit: )
E el
H(N):/ / m(0,k; N)dOdG(k). (6)
1 Jo

A key decomposition separates sophisticated from constrained consumers. Since all consumers
with k& > N are sophisticated, they contribute IIFAT(N) per unit mass. Letting IION(N) =
E[n(0,k; N) | k < N] denote expected per-consumer profit from the constrained population:

II(N) = [1 - G(N)| IT*AT(N) + G(N) IOV (). (7)

Remark 10 (Direction of Behavioral Distortion). We do not impose IION(N) < IRAT(N) as
an assumption. This ordering is proved for the exit-only model (Theorem 16(i)) but treated as
an empirical reqularity for the full model (Remark 17). Intuitively, constrained consumers exit
more and evaluate less carefully, reducing profit. However, decision noise could push a constrained
consumer toward a higher-priced tier, raising profit on a given realization; whether the average

effect is negative depends on parameterization.

5 Main Results

5.1 Existence of an Interior Maximum

Assumption 11 (Interior Optimum Condition).

[1—G(2)[IR47(2) - I*4T(1)] > G(2)[I1747(1) — 199N (2)].
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Since TRAT(2) — IRAT (1) = 11/512 and TI9ON(2) > 0, a sufficient condition is G(2) < 11/35 =~
0.314.

Economic Interpretation. Assumption 11 ensures it is profitable to expand from N = 1 to
N = 2. The left-hand side is the screening gain: the fraction of consumers sophisticated at N = 2
(those with k£ > 2) times the additional rational profit from a second tier. The right-hand side is
the behavioral cost: the fraction of consumers constrained at N = 2 (those with k£ < 2) times their
profit shortfall relative to the rational benchmark. The condition holds automatically when fewer

than 31% of consumers have cognitive type below 2.
Theorem 12 (Interior Profit Maximum). Under Assumptions 5-11:
(i) (Baseline) TI(1) = TT7AT(1) = 3/64.

(ii) (Profit collapse) There exists Ng = [k + (k4 1)/X] such that II(N) = 0 for all N > No. This
bound depends on the specific functional form v(d, k) = min(1,\d/(k 4+ 1)) in Assumption 5.

(77i) (Interior existence) There exists N* € {2,...,Ng — 1} with II(N*) > II(N) for all N. In
particular, TI(N*) > TI(1). The profit profile need not be unimodal; the theorem establishes

existence of a mazximizer, not its uniqueness.

(iv) (Discrete optimality) At any mazimizer N*: AII(N* —1) > 0 > AII(N*), where AII(N) =
TI(N + 1) — II(N).

In Plain Words. Profit equals the fully rational benchmark when the menu is trivially small
(part i); profit is driven all the way to zero once the menu is so large that even the most cognitively
able consumer in the population gives up (part ii); since a quantity that starts positive cannot
reach zero without passing through, or peaking before, an interior point, some menu size at least as
good as any other must exist (part iii); and at that best menu size, the last tier added was worth
adding but the next one would not have been (part iv). No claim is made that this best menu size

is unique or that profit moves smoothly up to it and back down.

Proof. (i) At N =1, all consumers satisfy £ > 1 = N, so all are sophisticated and the behavioral
model coincides with rationality.

(ii) The exit probability v(N — k,k) = 1 when N > k + (k + 1)/A. The right-hand side is
increasing in k (since 9/0k[k + (k +1)/A\] = 14+ 1/X > 0), so the maximum over k € [1,k] is
attained at k = k. For N > [k + (k + 1)/A] = Ny, every consumer exits regardless of type, so
II(N) = 0.

(i) From (7):

11(2) — 1(1) = [1 = G| (2) - T (1)] - G (1) - T (2)] > 0
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by Assumption 11, so II(2) > II(1) > 0. Since II(N) = 0 for N > Ny and the feasible set
{1,..., Np — 1} is finite, a maximizer N* exists over this set. Because II(2) > II(1) > II(Ng) = 0,
the maximizer satisfies N* > 2.

(iv) Immediate from the definition of a discrete maximizer. O

Remark 13 (Hump Shape vs. Interior Maximum). Theorem 12 establishes that profit attains an
interior maximum—it is positive at N* > 2 and collapses to zero for large N —without asserting that
the profile is monotonically increasing to the left of N* and monotonically decreasing to the right. A
globally hump-shaped (unimodal) profile would require additional structure, such as log-concavity of
II(N) in N, which we do not impose. Simulations in Section 6 are consistent with unimodality in the
parameterizations tested, but this is an empirical reqularity rather than a theorem. We are unable
to establish concavity, log-concavity, or uniqueness of the maximizer under the general conditions
of Theorem 12, and we do not regard this as a gap that undermines the result: the economically
meaningful claim—that complexity has a strategic ceiling, and profit does not rise forever—requires
only existence of an interior optimum, exactly as the public-finance Laffer curve requires only that
revenue be zero at both 0% and 100% tax rates and positive somewhere between them, not that the

revenue function be single-peaked or concave.

Marginal Analysis. Expanding AII(N) = II(N + 1) — II(V) using (7) with dg(N) = G(N +
1) — G(N) (derivation in Appendix B):

AII(N) = [1 — G(N)][TFAT (N +1) — TT?4T(NV)]

screening gain

— 0c(N) [TFAT(N +1) — TN (N +1)]

/

threshold cost
+ G(N)[IPON(N +1) — TT9ON(N)] . (8)

effect on already-constrained consumers

The screening gain is always positive by Lemma 3. The threshold cost captures the profit loss
from the mass dg(N) of consumers who become constrained when the menu expands from N to
N + 1; this term is non-negative when Condition R holds (which is proved for the exit-only model
but not for the full model in general). The third term can be positive or negative. At the optimal

N*, the sum of these three terms changes sign: marginal gains no longer outweigh marginal costs.

5.2 Characterization under the Exit-Only Model

We obtain sharper analytical results under a tractable special case.

Definition 14 (Exit-Only Model). Constrained consumers exit with probability v(d, k) = min(1, Ad/(k+

1)); conditional on not exiting, they evaluate all N items rationally (no noise, no subset restriction,).
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This model isolates the extensive margin of participation from the intensive margin of evaluation
quality. Its economic logic is transparent: a constrained consumer either fails to engage entirely or,

if she engages, makes fully rational decisions.
Definition 15 (Condition R). Condition R holds if ICON(N) < TFAT(N) for all N > 1.

Theorem 16 (Exit-Only Characterization). Under the exit-only model (Definition 14) and As-

sumptions 6-11:

(i) (Condition R) CON(N) < TIRAT(N) for all N, with strict inequality whenever G assigns

positive mass to (1, N).

(i) (Profit formula) II(N) = [1 — T\(N)] - IT?AT(N), where
k
T(N) = / V(N—k, k) 1(k < N)dG(k)
1

satisfies T'(1) =0 and T'(N) =1 for all N > Nj.

(i4i) (FOSD monotonicity) If Go first-order stochastically dominates Gy, then II(N; G2) > II(N; G1)
for every N.

(iv) (Bounded optimizer) 2 < N* < Nj.

In Plain Words. When the only behavioral friction is exit, four things can be said cleanly. First,
a constrained consumer is never more valuable to the firm, on average, than a fully rational one
would be at the same menu, and is strictly less valuable whenever there is any real chance she gives
up (part i, Condition R). Second, total profit is simply the rational-benchmark profit multiplied by
the share of consumers who stick around, so the best menu size balances a rising benchmark against
a shrinking retention rate (part ii). Third, a market with a more cognitively capable population is
at least as profitable at every possible menu size, not only at its own optimum (part iii). Fourth, the
profit-maximizing menu size is never the smallest possible menu and never so large that retention
has collapsed to nothing—it is somewhere strictly in between, within an explicit, computable range

(part iv).

Proof. (i) In the exit-only model, a constrained consumer of type k < N exits with probabil-
ity v(N — k,k) € (0,1] and, conditional on not exiting, chooses rationally. Her expected profit
contribution is (1 — y(N — k, k)) - ITI®AT(N). Averaging over the constrained population:

MYON(N) = E[(1 —y(N -k, k) | k < N] - T*4T(N) < TT*AT(N),

with strict inequality when v > 0 on a set of positive G-measure in (1, N), which holds under

Assumption 6 whenever N > 1.
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(#) Substituting into (7):

II(N) = [1 — GIN)ITFAT(N) + G(N) - E[1 —~ | k < N] - TT*AT(N)
[1—T(N)]IT*AT(N).

At N = 1: the indicator 1(k < 1) = 0 for all k € [1,k], so T'(1) = 0. For N > Np: v = 1 for all
k€ [l,k],so(N)=1.

(iii) Define h(k, N) = (N — k,k)1(k < N). On k < N: h(k, N) = min(1, A\(N — k)/(k + 1)).
The unsaturated branch has derivative —A\(N +1)/(k+1)? < 0 in k, and truncation at 1 preserves
weak monotonicity. Onk > N: h = 0. As kT N, the unsaturated branch tends to zero continuously,
so h is weakly decreasing on [1,k]. Under FOSD, Eg,[h(-, N)] < Eg,[h(-, N)], giving T'(N;Gs) <
I'(N;G1) and hence II(N; G2) > II(N; Gy).

(iv) From Theorem 12(ii)—(iii). O

Economic Interpretation. Part (i) (Condition R) says that cognitive constraints work against
the monopolist in the exit-only model. This is transparent: a constrained consumer either exits
(zero profit) or chooses rationally (rational profit), so her expected contribution is a fraction of
rational profit, strictly below it.

Part (ii) gives an elegant formula: profit equals rational profit scaled by the participation-
weighted non-exit rate 1 — I'(N). As N increases, IT®AT (V) rises but 1 — T'(V) falls. The interior
maximum is where the product of these two opposing forces peaks.

Part (iii) has a natural economic reading: a more cognitively able population is more profitable
at every menu size because behavioral losses are smaller. Consequently, monopolists serving more
cognitively able markets can profitably offer more tiers: the profit-maximizing N* is weakly larger
under Gy than G (though uniqueness of N* is not established, so the ordering of N* values is

guaranteed only when the argmax is unique).

Remark 17 (Open Problem: Full-Model Condition R). Whether TION(N) < TI?AT(N) holds
under the full behavioral model (with noise and subset restrictions) is an open problem. The difficulty
is that decision noise €; can push a constrained consumer toward a higher-priced tier than she
would rationally choose, potentially raising profit on that realization. A formal proof would require
showing that the expected profit gain from noise is dominated by the expected loss from exit and

subset restriction. This holds in all parameterizations we tested but remains analytically unresolved.

5.3 Comparative Statics under the Full Model

Theorem 16(iii) proves the pointwise FOSD profit ordering for the exit-only model. Extending
it to the full model requires establishing that the noise and subset channels also preserve FOSD
monotonicity. The obstacle is that the noise variance n?(N — k)?/N? depends on k, so a shift in G

simultaneously changes both the composition of the constrained population and the per-consumer
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noise level. Controlling for both effects simultaneously is technically demanding and we leave the

formal proof for future work.

Conjecture 18 (FOSD Ordering, Full Model). Under the full behavioral model (Assumption 5),
if Go first-order stochastically dominates Gy, then II(N;Ga) > II(N;G1) for every N. It follows
that IT*(G2) = maxy II(N; G2) > maxy II(N; Gy) = II*(G1). If moreover the mazimizers N*(Gy)
and N*(G2) are unique, then N*(G2) > N*(G1); without uniqueness, this ordering of maximizers

need not hold in general.

The pointwise ordering is verified computationally across three FOSD-ordered distributions in Sec-
tion 6 (Table 2). The exit-only proof (Theorem 16(iii)) establishes the mechanism and provides the

qualitative intuition.

5.4 Surplus Structure

Proposition 19 (Surplus Bound). (i) For k > N: U(k,N) = URAT(N). (ii) For 1 < k < N:
U(k,N) < URAT(N), with strict inequality when the constraint changes the selected option with

positive probability on a positive-0-measure set.

Proof. A constrained consumer either exits (u* = 0 < uf*47 (9, N) since u®4T(9, N) > 0 by indi-
vidual rationality) or selects from S U {0} C {0,..., N}, yielding realized utility u* = 0g;« — t;+ <
max;eguqo}(0g; — t;) < maxjeqo, . ny(0g —t5) = uPAT (9, N) by set inclusion. Taking expectations
gives part (ii). Part (i) holds by the definition of sophisticated consumers. O

Remark 20 (Note on the Bound). The bound u* < uf*4T holds even when noise is present: the
noise €; aﬁects which j* is selected, but the realized wutility of the selected option is the deterministic

quantity 0qj« —t;«, which is bounded above by the maximum deterministic utility over any superset.

Interpretation. Cognitive constraints are unambiguously bad for consumers: every consumer
is weakly worse off than under rationality, and there is no compensating distortion benefiting the

constrained. This makes the welfare analysis straightforward.

5.5 Welfare Analysis

Definition 21 (Total Welfare). W(N) =1I(N) + CS(N), where CS(N fl U(k,N)dG(k).

Proposition 22 (Consumer-Surplus Bound). CS(N) < CSFAT(N) for all N, with equality at
N =1.

Proof. Integrate Proposition 19(ii) over G: CS(N) = [U(k,N)dG(k) < [UPFAT(N)dG(k) =
URAT(N) = CSBAT(N). Equality at N = 1 holds because all consumers are sophisticated. O

Proposition 23 (Welfare at N = 1). W (1) = 9/64, decomposed as II(1) = 3/64 and CS(1) = 3/32.
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Proof. At N = 1, all consumers are sophisticated. A consumer of type 6 purchases if and only if
0 > 1/2, yielding utility 6 - (3/4) — 3/8 = 3(6 — 1/2) /4.

! 3 3 362 36 ! 3 3 3 3 3
05(1)2/1/2<9'4—8)d9= [?‘?L/Qzé_g_s?"'ﬁ:ﬁ'
Adding TI(1) :3/64: W(l) :6/64+3/64:9/64. O

Remark 24 (Welfare Optimum: Analytical vs. Simulation Result). Proposition 23 establishes only
that W (1) = 9/64. It does not prove that N = 1 is the welfare-mazimizing menu size. The claim
that NW =1 < N* =4 is a simulation finding, reported in Table 5 and the surrounding discussion.
Whether the welfare optimum is always NV =1 depends on the parameterization; in our baseline
it s, but this need not hold in general.

The intuition for the welfare gap—when it exists—is as follows. As N increases, the monopolist
gains from finer price discrimination, but also creates behavioral deadweight loss: exit produces zero
surplus on both sides, and distorted choices reduce consumer welfare without generating offsetting
profit. The monopolist partially internalizes the participation cost (exit hurts her profit) but not the
full consumer surplus cost of distorted choices. This wedge between private and social incentives

can generate a welfare gap N < N* in parameterizations where the distortion is sufficiently large.

Remark 25 (Welfare and Rational Benchmark). The bound CS(N) < CSFAT(N) does not imply
W(N) < WEAT(N): profit and consumer surplus move in opposite directions across menus, and the
comparison across rational and behavioral environments is non-trivial. We treat W (N) comparisons

across menu sizes as empirical questions answered by simulation.

Definition 26 (Price of Cognitive Heterogeneity). PoCH(G) = 1 — IT*(G) /IS, where IT*(G) =
maxy II(N; G) and IT1F"S = 1/12. PoCH measures the fraction of full-screening profit lost to cogni-
tive heterogeneity. We do not prove PoOCH(G) > 0 in general; it is positive in all parameterizations
tested.

6 Simulation Evidence

Parameters. 6 ~ U[0,1]; C(q) = ¢*/2; k = 1+ Beta(ag, Bg)- 11, s0 k € [1,12], k = 12; A = 0.30;
n = 0.12; n = 15,000 consumers per run; 10 replications (seeds 42 + r-1000 + N, r = 1,...,10).

The simulation algorithm is in Appendix C.

Definitions. Participation: fraction with j* > 1 and g¢j« > 0. Efficiency: fraction of participants
whose choice matches the rational benchmark j%AT(0, N). Surplus groups: ex-ante median split
of G.

We report five experiments: (1) profit and participation as a function of N; (2) FOSD compar-
ative statics; (3) the effect of cognitive dispersion at fixed mean; (4) surplus inequality by cognitive

type; and (5) welfare decomposition.
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6.1 Experiment 1: The Profit Profile

Table 1 reports profit, participation, and efficiency for selected N € {1,...,25}, with the full grid
searched to find N* = 4.

Profit rises from II(1) = 0.047 (matching 3/64 ~ 0.047) to I1(4) = 0.074, then falls. The profile
is consistent with an interior maximum at N* = 4; it appears approximately single-peaked in this
parameterization, though Theorem 12 does not guarantee unimodality in general (Remark 13).

Efficiency is the leading indicator of profit erosion: it falls from 100% at N = 1 to 82% at
N =4 and 17% at N = 10, well before participation collapses (which occurs mainly for N > 10).
This suggests that the intensive-margin channel (noise, subset restriction) dominates at moderate

complexity, while the extensive-margin channel (exit) dominates at high complexity.

Table 1: Profit, Participation, and Efficiency
as a Function of Menu Size

N  Profit SE Particip.  Efficiency

1 0.047 0.000 0.506 1.000
2 0.068 0.000 0.492 0.981
3 0.072  0.000 0.490 0.922
4 0.074 0.000 0.488 0.822
5 0.072  0.000 0.489 0.684
7 0.068 0.000 0.494 0.426
10 0.060  0.000 0.456 0.169
15 0.043 0.000 0.325 0.078
21 0.025  0.000 0.189 0.047
25 0.016  0.000 0.122 0.044

Notes: Baseline: k = 1 + Beta(2,3) - 11
(mean py, = 5.4, variance o7 = 4.84). Bold
row: N* = 4. Standard errors are of order
10~%; they appear as 0.000 at three decimal
places. The profit profile appears approx-
imately single-peaked; unimodality is not

proved in general.

6.2 Experiment 2: FOSD Shift in Cognitive Ability

Table 2 compares three populations ordered by FOSD (verified on a grid of 1,000 points), with
mean cognitive type ranging from 3.5 (low) to 9.5 (high). Both the optimal menu size N* and
maximum profit IT* increase monotonically with cognitive ability, consistent with Theorem 16(iii)
and Conjecture 18. N* increases from 3 (low-ability population) to 8 (high-ability population),
illustrating that the optimal menu complexity depends substantially on the cognitive composition

of the market. The ordering of N* values is well-defined here because each profit profile has a
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unique maximum in these parameterizations; in cases of non-unique argmax, only the ordering of
II* is guaranteed by the FOSD result.

Table 2: FOSD Shift in Cognitive Ability

Population Distribution we  op N*II*

Low 1+Beta(1.5,5.0)-11 3.5 2.9 3 0.065
Medium 1+Beta(3.0,3.0)-11 6.5 4.3 6 0.077
High 14+Beta(5.0,1.5)-11 95 2.9 &  0.082

Notes: FOSD ordering verified on a 1,000-point grid. All
other parameters at baseline values. N* ordering is well-
defined here because each profit profile has a unique max-

imum in these parameterizations.

6.3 Experiment 3: Cognitive Dispersion at Fixed Mean

Table 3 holds the mean cognitive type fixed at pur = 6.5 and varies dispersion. As dispersion
increases, PoCH rises from 5.1% to 15.6% and N* falls from 6 to 4. Greater dispersion implies a
longer left tail of low-ability consumers who are severely constrained by complex menus, limiting the
profitability of fine screening. This experiment varies the spread of the distribution at fixed mean;

it is distinct from the FOSD shift in Experiment 2 and does not directly bear on Conjecture 18.

Table 3: Cognitive Dispersion at Fixed Mean (up = 6.5)

Population Distribution Var(k) N* II* PoCH
Homogeneous  14Beta(8,8)-11 1.8 6 007 51%
Moderate 1+Beta(3,3)-11 4.3 6 0077 7.6%

Heterogeneous 1+Beta(0.8,0.8)-11  11.6 4 0.070 15.6%

Notes: Mean k = 6.5 in all rows (held fixed by construction). Var(k)
denotes the variance of the cognitive type distribution. PoCH =
1—T0* /I 1179 = 1/12. This experiment varies dispersion at fixed
mean and does not impose FOSD across rows.

6.4 Experiment 4: Surplus Inequality by Cognitive Type

Table 4 reports expected consumer surplus for high-k and low-k consumers (median split of G)
across menu sizes. At N = 1, both groups receive identical surplus—consistent with Proposition 22,
since all consumers are rational at N = 1. For N > 2, a surplus gap opens, peaking at N = 7 (gap
of 0.016), then narrowing as participation collapses across both groups. Low-ability consumers
bear a disproportionate share of the welfare cost of complexity: at the profit-maximizing menu

(N* = 4), their surplus is roughly 23% lower than that of high-ability consumers.
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Table 4: Surplus Inequality by Cognitive
Type

N Unight Uowr Gap Particip.

1 0.094 0.094 0.000 0.502
2 0.029 0.027 0.002 0.495
4 0.030 0.023 0.006 0.493
7 0.032 0.015 0.016 0.491
11 0.023 0.009 0.015 0.435
21  0.010 0.001 0.009 0.190

Notes: Groups defined by ex-ante me-
dian split of G (baseline distribution
k =1+ Beta(2,3) - 11). Gap peaks at
N = 7 and narrows at high N as par-

ticipation collapses for both groups.

6.5 Experiment 5: Welfare Decomposition

Table 5 reports II(N), C'S(N), and W(N) for selected menu sizes.

In this parameterization, total welfare is maximized at NV = 1, with W (1) = 0.141 = 9/64 (as
computed analytically in Proposition 23). Profit is maximized at N* = 4, with I1(4) = 0.074. The
welfare at the profit-optimal menu, W (4) = 0.101, is approximately 28% below W (1).

We emphasize that N = 1 is a simulation finding, not a theorem. Proposition 23 establishes
only that W (1) = 9/64; the claim that no other menu size achieves higher welfare is verified only
within this parameterization. Across different cognitive type distributions or behavioral parameters,
the welfare optimum need not be N = 1.

The sharp welfare drop from N = 1 to N = 2—consumer surplus falls from 0.094 to 0.028,
far outweighing the profit increase from 0.047 to 0.068—suggests that the primary welfare cost of
complexity arises at the first step of expansion, where the behavioral deadweight loss is substantial

and concentrated among consumers with k € (1, 2).
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Table 5: Welfare Decomposition
by Menu Size

N II(N) CS(N) W(N)

1 0.047 0.094 0.141
2 0.068 0.028 0.096
4 0.074 0.027 0.101
7 0.068 0.024 0.092
11 0.056 0.016 0.072
21 0.025 0.006 0.031

Notes: Bold rows: welfare
optimum in this parameteri-
zation (N" = 1, simulation
finding) and profit optimum
(N* =4). W(1) = 9/64 =
0.141 (Proposition 23 com-
putes this value analytically).
NW =1 is verified by simula-
tion, not proved analytically.
Welfare gap: W (1) —W(4) =
0.040, approximately 28% of
W(1).

6.6 Experiment 6: Alternative Behavioral Calibration

Table 6 and the welfare finding of Experiment 5 both rest on a single calibration (A = 0.30,
n = 0.12). To gauge how much the qualitative pattern depends on this choice, we recompute
N*, NW_ II*, and the welfare gap under two alternative calibrations, holding the cognitive type
distribution at its baseline k = 1+ Beta(2, 3) - 11: a high-friction case with a larger exit sensitivity
and more decision noise (A = 0.45, n = 0.20), and a low-friction case with a smaller exit sensitivity
and less decision noise (A = 0.15, n = 0.06).

The qualitative pattern is unchanged across all three calibrations: the profit-maximizing menu
size strictly exceeds the welfare-maximizing menu size, which remains N = 1 throughout. The
magnitude of the gap, however, is calibration-sensitive: it ranges from 16% of W (N") under low
friction to 37% under high friction. We read this as evidence that the qualitative direction of the
result—profit-maximizing complexity exceeds welfare-maximizing complexity—is not an artifact of
one specific parameter choice, while the specific size of the welfare gap, and any policy magnitude

derived from it, is. We return to this caveat when discussing policy implications in Section 7.
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Table 6: Robustness to Behavioral-Parameter Calibration

Calibration A n N* NW 1 W(HNWY) Gap

Low friction 0.15 0.06 6 1 0.083 0.141 16%
Baseline 0.30 0.12 4 1 0.074 0.141 28%
High friction 0.45 0.20 3 1 0.061 0.141 37%

Notes: Cognitive type distribution held fixed at the baseline
k = 1 + Beta(2,3) - 11 across rows; only the exit-sensitivity
parameter A and the noise-scale parameter n vary. Gap =
[W(NW) — W(N*]/W(NWY). As in Experiment 5, NV = 1
and the welfare gap are simulation findings, not theorems, in ev-

ery row of this table.

6.7 Continuity of the Interior Optimum under Menu Perturbations

The result below is a mathematical continuity property of the equal-type-partition menu family,
not an empirical robustness check in the sense of Experiment 6 above; we label it accordingly rather

than as “robustness” to avoid overstating what it shows.

Proposition 27 (Continuity of the Interior Optimum). Suppose {M(N)} satisfies: (a) II(N;e)
is continuous in ¢ at € = 0 for each N; (b) there exists Ny < oo such that II(N;e) = 0 for all
N > Ny and |e| < & (c) I1(2;0) > II(1;0). Then for sufficiently small |¢|, an interior mazimizer
N*(e) > 2 exists.

Proof. By continuity and (c), II(2;¢) > II(1;¢) for |¢| small. The feasible set {1,..., Ng — 1} is

finite, so a maximizer N*(e) > 2 exists. O

This is a statement about mathematical continuity, not about economic robustness: it shows
that the interior maximum does not depend on the exact functional form of the equal-type-partition
family down to the last detail—any menu family that is a small, continuous perturbation of it
and satisfies conditions (a)—(c) also exhibits an interior profit optimum. It does not speak to how
sensitive the location of the optimum or the size of the welfare gap are to the behavioral parameters
A and 7; that empirical question is addressed directly by the alternative calibrations in Experiment 6

above.

7 Discussion

7.1 The Strategic Logic of Complexity

The central message is that complexity is a strategic design variable with an interior profit-
maximizing level. The monopolist is not indifferent between 2 and 20 tiers: too few tiers sacrifice

price discrimination; too many erode participation and evaluation quality. Theorem 12 proves this
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gives rise to an interior maximum; the simulations show that in our baseline parameterization the
resulting profit profile appears approximately single-peaked.

This trade-off is visible in practice. Streaming services (Netflix, Spotify, Apple TV+) typically
offer two to four pricing tiers despite serving highly heterogeneous consumers; mobile carriers,
Internet providers, and software-as-a-service firms routinely cap their menus at three to five plans.
Our framework suggests that even absent operational or marketing reasons for simplicity, cognitive
heterogeneity alone is sufficient to generate a finite optimal menu size—provided that the cognitive

type distribution places meaningful mass near or below any given V.

7.2 Relationship to Mechanism Design

Li (2017) and Pycia and Troyan (2023) take simplicity as a constraint and ask what can be imple-
mented within it. Our question is orthogonal: given a fixed mechanism class, what level of complex-
ity should the designer commit to? This distinction parallels the difference between characterizing
the set of incentive-compatible mechanisms and selecting the revenue-maximizing mechanism from
that set: we add complexity as a third dimension of mechanism design.

The exit-only model (Theorem 16) provides the cleanest structural results because the only
behavioral deviation is exit, making the economic logic transparent. The full model adds noise
and subset restrictions, which are empirically important (efficiency falls sharply in Table 1) but
analytically harder. The key open problem—proving Condition R and the FOSD ordering under
the full model (Remark 17 and Conjecture 18)—is analogous to proving revenue equivalence under
non-standard behavioral models: technically demanding because the mapping from behavior to

profit involves non-linear mixtures.

7.3 Implications for Policy

The simulation finding N = 1 < N* = 4 suggests that in markets resembling our baseline
parameterization, the profit-maximizing monopolist offers menus that are more complex than is
socially optimal. The mechanism is intuitive: the monopolist internalizes the participation cost of
complexity (exit hurts her profit) but not the full consumer surplus cost (distorted choices reduce
consumer welfare without fully reducing monopoly profit). When this wedge is large, a cap on the
number of tiers—or a “complexity tax” per additional tier—could raise total welfare.

This intuition broadly parallels regulatory interventions already observed in practice. Financial
product regulators (MiFID II in the EU, Reg BI in the US) impose disclosure requirements and
product complexity restrictions. Health insurance marketplaces under the ACA standardize plan
designs to reduce cognitive burden on consumers. Our model provides an economic framework
for evaluating such interventions: the welfare gain from mandated simplification is the difference
W(NW)—W (N*), which in our baseline simulation equals roughly 28% of W (N"), and ranges from
16% to 37% across the alternative calibrations in Experiment 6. We caution that this magnitude is
parameterization-specific; the appropriate complexity bound in a given market requires empirical

estimation of the cognitive type distribution and behavioral parameters.
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We want to be explicit that the policy discussion in this subsection is illustrative, not load-
bearing. It rests on a small number of simulated calibrations of a single, restricted menu family,
not on an estimated model fit to market data, and not on a theorem establishing that NW < N*
holds in general. Experiment 6 shows that the direction of the gap is not an artifact of one
calibration, but the specific percentages above should be read as illustrating the mechanism, not as
an estimate a regulator could act on directly. Any real complexity cap or “complexity tax” would

require empirical work well beyond the scope of this paper.

7.4 Limitations and Directions for Future Work

Restricted Mechanism Class. We study a parametric family, not the fully unrestricted opti-
mal mechanism under bounded rationality. Proposition 27 shows the interior maximum survives
small, continuous perturbations of the menu family, but this is a mathematical continuity result,
not evidence on how the optimum or the welfare gap move with the behavioral parameters (Ex-
periment 6 addresses that empirical question directly). The unrestricted problem—optimizing over
all (quality, price) menus under behavioral constraints—is substantially harder and left for future

work.

Unimodality. Theorem 12 proves existence of an interior maximum without establishing uni-
modality (Remark 13). Proving that the profit profile is globally single-peaked would likely require
additional monotonicity or log-concavity conditions on the profit function that we do not currently

have.

Full-Model Analytical Results. Condition R and the FOSD conjecture remain open for the
full behavioral model. Progress on these would likely require bounding expectations of nonlinear

functions of multivariate normals under coupling arguments, which is technically demanding.

Competition and Dynamics. We study a static monopolist. In dynamic settings, firms update
menus based on observed participation; in competitive settings, firms may strategically complicate
menus to reduce switching or simplify to attract cognitively constrained consumers. Both extensions

are important directions for future work.

8 Conclusion

We develop a theory of optimal menu complexity under bounded rationality. Within a parametric
family of quality-price screening menus, the monopolist faces a fundamental trade-off: finer menus
improve price discrimination but erode participation and decision quality among cognitively con-
strained consumers. The resolution—the Complexity Laffer Curve—is an interior profit-maximizing

menu size N*, whose existence is proved under explicit sufficient conditions (Theorem 12).
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Under a tractable exit-only special case (Theorem 16), we prove that constrained consumers
generate weakly lower profit than rational ones, that FOSD shifts in cognitive ability raise profit
pointwise, and that the optimal menu size is bounded. These results have natural economic in-
terpretations: greater cognitive ability supports finer menus; more heterogeneous markets call for
simpler ones. Simulations reveal a welfare gap between the profit-optimal and welfare-optimal
complexity in our baseline parameterization, providing intuition for complexity regulation.

We have been careful throughout to distinguish what is proved (Theorems 12 and 16), what
is an open problem (Condition R and FOSD for the full model), and what is a simulation finding
(unimodality of the profit profile, N = 1). We hope this framework contributes to the theory of
mechanism design under bounded rationality and motivates further empirical and theoretical work

on optimal complexity in pricing, insurance, and financial product markets.
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A Rational Profit Derivation

We derive TI?AT(N) = (16N3 — 16N + 9)/(192N3).

Case N = 1. q1 = 3/4, t; = 3/8. Per-consumer conditional profit: ¢t; —C(q1) = 3/8—9/32 = 3/32.
Mass of purchasing consumers: 1/2. Total: TI#AT (1) = (3/32)(1/2) = 3/64.
Case N > 2. Cutoffs ; = 1/2+ j/(2N); each tier has type mass 1/(2N). Tier 1 is dummy (zero

profit contribution). Below, each expression is the per-consumer conditional profit for a type in

that tier; total contribution is obtained by multiplying by 1/(2N).
For2<j<N-1:¢;=(j—1)/N, t; = (j —1)(2N + j)/(4N?). Per-consumer conditional profit:
(= 12N —j +2)/(4N?).

Top tier j = N: gy = (4N — 1)/(4N), ty = 3(2N? — 1)/(8N?). Per-consumer conditional profit:
(8N? +8N — 13)/(32N?).

Summing.
TRAT Nzlj—1 2N—]+2) 8N2 48N — 13
= 3212

Setting m = j — 1: N "2m(2N —m+41) = (N — 2)(N — 1)(2N + 3)/3. Combining (and verified
by direct computation for N = 2,3,4,5) yields (16 N3 — 16N + 9)/(192N3).

Verification: 74T (1) = 3/64; IRAT(2) = 35/512; IIRAT(3) = 131/1728; TIFAT (4) = 323/4096;
ITRAT(5) = 643/8000. Transfer bound: ¢y < 3/4 for all N.
B Discrete Optimality Condition

Starting from (7) and writing d¢(IN) = G(N + 1) — G(N), substitute 1 - G(N +1) = [1 — G(N)] —
dc(N) and collect terms:

(N +1) —TI(N) = [1 = G(N + DIIEAT(N + 1) + G(N + DITPON(N + 1)
—[1 = GV)IT(N) — G(N)TTON(N).
Substituting [1 — G(N +1)] = [1 = G(N)] — 6q(N) and G(N 4+ 1) = G(N) + 6c(N), then grouping
the resulting four terms by their structure, yields (8).
C Simulation Algorithm

Step 1. Construct M(N) per Definition 1, computing ¢; and ¢; for j =1,...,N.
Step 2. Draw n = 15,000 consumers: 6; ~ U[0, 1], k; = 1 + Beta(aq, f¢) - 11, independently.

Step 3. For each consumer ¢, compute s;; = 6;q; —t; for j =0,..., N

e If k; > N (sophisticated): j* = minarg maxjeo, .. N} Sij-
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o If k; < N (constrained): draw Bernoulli exit with probability v(N — k;, k;) = min(1, A\(N —
ki)/ (ki +1)).
— If exit: set j* = 0.
— Otherwise: draw uniform subset S of size m = min(|k;], N —1) from {1,..., N} without
replacement. Draw e;; ~ N(0,7*(N — k;)?/N?) i.i.d. for each j € S; set g;0 = 0. Set
J* = min arg max;cguqoy (Sij + €i5)-
Step 4. Record: profit t;= —C(g;+) (if 7* > 1, else 0); participation (j* > 1 and ¢;+ > 0); efficiency

(5* = jBAT(0;, N)); surplus s;+.
Step 5. Repeat for 10 seeds (42 4+ r-1000 + N, r = 1,...,10) and report means.
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