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Abstract

We propose a tractable model of “complexity aversion”. The key ingredient is “first
order complexity aversion”: when people know they’re making a mistake (because the
situation is complex) they experience some dread, which is a utility loss proportional
to the absolute value of the expected error. We show how complexity aversion leads to
optimally simple mechanisms. We illustrate this in five examples complexity aversion
makes a large difference. (i) If complexity aversion is high enough, the price of a good
will be constant over time, even though the marginal cost might be variable, to avoid
annoying the consumer with a complex price system. (ii) In the theory of optimal
taxation, if complexity aversion is high enough, the optimal tax system is “simple”,
e.g. just features a uniform tax rate rather than a different tax rate for each good, as
recommended by the traditional Ramsey model. (iii) Whereas the traditional model
predicts that contracts should be indexed aggregate factors (e.g. on inflation, GDP,
or the stock market), with enough complexity aversion, contracts are non-indexed,
“simple”. (iv) Complexity aversion leads to a model of a non-traditional (first order)
cost of inflation, which in calibration is quite important: as different sources of income
do not react equally to inflation, higher inflation leads to a more complex planning
process. (v) This in turn changes optimal monetary policy, which implements a “sparse
outcome principle”: it tries to achieve either zero inflation, or zero output gap, rather
than a bit of both, as in the traditional framework. We discuss how using this model
of complexity aversion will lead to a useful “behavioral mechanism design” theory, and

more realistic—simpler—mechanisms.
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1 Introduction

We propose a tractable notion of “complexity aversion”, and explore its implication for “sim-
ple mechanisms”, in several settings: simple price systems, simples taxes, simple contracts
(that are not indexed), and the cost of inflation as increasing choice complexity, and the
resultant optimal monetary policy.

Prices systems are typically much “simpler” than a frictionless rational model would
predict. For instance, prices for Whole Foods delivery are the same for all hours and days
of the week, even though they “should” vary in the frictionless world.! Likewise, the barber
typically has prices that don’t depend on the time of day, even though the 5pm slot is much
more popular than the 2pm slot, so that (generically at least) their prices should differ.

We show how complexity aversion, as we model it, leads to optimally simple mechanisms.
For instance, when complexity is high enough, the price of a good (e.g. Whole Foods
deliveries) will be constant across time-periods, even though the marginal cost might be
variable. Intuitively, this is to avoid annoying the consumer with a very complex price
system.

A price system is optimally simpler when complexity aversion is higher, when the com-
plexity of thinking about the price is higher, when the marginal cost is less variable, and
when the price elasticity is lower (which often means that competition is lower). So Whole
Foods deliveries will have a constant price (low elasticity of demand), while the price of
strawberries will be more variable (as the marginal cost is more variable, and the price
elasticity is higher).

This result of a fully simple price system may seem intuitive, but it does require some
care in the modeling of complexity aversion. Two key properties yields full simplicity.

First, the consumer experiences a complexity “dread”, the sense that she is making a
mistake, which directly lowers her utility (above the traditional cost from lowering one’s
utility because of a mistake). Unlike say cognition or information cost, this “dread” cost is
paid even when attention is 0 (whereas with zero attention, no cognition cost is paid). Hence,
even for a very behavioral consumer who pays zero thinking costs, lower complexity (and
the scope for mistake) will be useful to lower his dread. This is a sense in which cognitive
costs, and complexity dread are distinct, though they interact with each other: cognitive
costs generate mistakes, which in terms generate complexity aversion.

Second, this complexity aversion cost is (in the main specification) first order in the size
of the mistake rather than second order: if the expected size of the mistake is e (in absolute
value), the dread cost is proportional to e, rather than e?. This “first order complexity

aversion” is a close cousin to the “first order risk aversion” found necessary to explain the

'In the spring 2024, this was $9.99 for 2-hour slots, e.g. 6-8am, 8-10am, etc. There are also 1-hour slots
(6-7am, 7-8am etc.), that all cost $14.99.



behavior under risk (Kahneman and Tversky (1979), Rabin (2000)). Traditional model
ambiguity aversion would generate something akin to second order complexity aversion. But
to robustly generate simplicity at the optimum, we find is very useful (and indeed, almost
necessary and sufficient) to have first order complexity aversion. Why? This is because
making mechanism more “rationally efficient” by a small factor b will create extra allocative
gains proportional to b, typically. Wityh first order complexity aversion, the dread costs will
also be proportional to b, and so they might overcome the “rational benefits” of order b.
However, if the complexity aversion is proportional to b?, then it will be much lower than
the the first order rational allocative gains (of order b); so at the optimum, we shall want
to have b away from 0: the mechanism will be a complex, as b is not 0. So second order
complexity aversion does not (most of the time) generate fully simple mechanism. The logic
is actually more rich, as the size of the mistakes, hence the dread, depends on attention
which is endogenous, but this is the essence of the reasoning.

As a second example of “simple mechanisms”, we revisit the (Ramsey) theory of optimal
goods taxation, with now complexity-averse agents. In the traditional Ramsey model, the
optimal tax on each good is (generically) different for each good (as it is inversely proportional
to the elasticity of demand for the good). This appears ridiculously complex—with ten
thousand different goods, rational theory wants ten thousand different tax rates. This is
probably one of the reasons why those strict recommendations of optimal taxation theory
are scarcely followed in practice. With complexity-averse agents, things are much more
sensible. Indeed, if complexity aversion is high enough, the optimal tax system is “simple”,
e.g. just features a uniform tax rate.

A third application is aversion to indexation. In the basic economic theory, most contracts
should be indexed in aggregate risks, such as inflation, GDP, or the stock market (see e.g.
Holmstrom (1979)), as that reduces the risk faced by consumers. For instance, debt contracts
ought to be indexed on inflation, and GDP; mortgage contracts “ought” to be indexed on
inflation, or on GDP. But that’s typically not the case in practice. Intuitively, this is because
“this would be too complicated”. The model formalizes that, and, sensibly, delivers that
contracts will generally not be indexed, except if the risk-reduction effects are large enough,.

A fourth application is to the cost of inflation. One often mentioned cost is that inflation
makes things complicated, as people need to juggle between prices that follow inflation (such
as the price of most goods), and other streams that do follow it only infrequently (e.g. the
wage, being adjusted to inflation only once a year, or a fixed-interest rate mortgage, that is
not indexed). The theory leads to first order losses of inflation |7|, rather than, as in the
traditional model (Woodford (2003)), second order losses w2, In calibration, this is much
bigger, and indeed much more in line with people’s intuition.

The fifth application is to monetary policy. We just saw that complexity aversion leads



to “first order” rather than “second order” losses from inflation, and, under some conditions,
of the output gap. Hence, the central bank’s objective function has terms in |m;| rather
than 72. This generates a “sparsity of outcomes” principle, where for instance, the central
bank will keep at zero the output gap, or inflation; rather than let both move in response to
shocks.

We view these results as potentially useful since they give the hope that one can explain
existing institutions (and their degree of “simplicity”). The underlying model yields a prin-
cipled way to do “behavioral mechanism design”, i.e. design optimal institutions (i.e. price
or tax systems) that aim both at high allocative efficiency and not too high complexity. This
will augment the power of mechanism design, which is often hampered by the fact that it
generates too complex recommendations to be used in practice.

The reader might be a bit bewildered by all those examples. Are they really needed? We
found it useful to have several examples, for two reasons. First, to verify that the theory is
expressive enough, and simple enough, that it can be used in a number of situations. Second,
for a given situation, there could be a number of explanations: for instance, the rigidity of
prices might come from fairness (Eyster et al. (2020)). But fairness, presumably, cannot
explain why consumers do not wish to index contracts. So it is useful to analyze simplicity

across a domain of situations.

Related literature There is relatively little work on explaining why contracts are sim-
ple. One paper is Tirole (2009). Another literature, on the lack of indexation, emphasizes
asymmetric information: the person who proposes to index the contract may have more in-
formation than the one would has to accept or reject the indexation (Spier (1992), Hartman-
Glaser and Hébert (2020)). Our mechanism is very different, and centered on complexity,
rather than asymmetric information: the model presented here predicts that even without
asymmetric information, there will still be a lack of indexation. Carroll (2015) proposes
conditions under which optimal contracts are linear, using robustness under the worse-case
behavior, which is a form of infinite risk aversion. In contrast, this paper uses “smoother”
preferences, and emphasizes complexity aversion.

On the theoretical side, we related to a number of attacks of complexity. Some are con-
ceptual interesting, but sadly not very tractable, e.g. using discrete automata (Rubinstein,
1998), or sequences of discrete decisions (Gabaix et al., 2006). We are closer to the liter-
ature on limited attention, and crucially we add a new, “complexity aversion” cost to the
psychological description of the economic agent. We draw on Gabaix (2014), whose empha-
sis on “sparsity” we share — but the technology in that paper does not generally generate
simple contracts, as we shall see. We opt for this sort of model that we view as a reasonable

compromise between naive bounded rationality and fully Bayesian information processing.



This fully Bayesian processing approach is developed in a series of papers by Sims (2003),
Matéjka and McKay (2015), Caplin et al. (2020), Woodford (2020), Khaw et al. (2021). The
analysis we propose here could be applied to those styles of models. A cumulative body of
papers show inattention (in particular in its behavioral flavor) is a good candidate for one
unifying force in behavioral economics (see Gabaix (2019) for a manifesto, and Enke et al.
(2024) for new systematic evidence).

There is a recent line of work on complexity, which is largely empirical. A growing body
of work measures how “intuitively complex” setups lead to more “mistakes”, or more pre-
cisely, deviations from a baseline simple economic model (Abeler and Jager (2015), Martinez-
Marquina et al. (2019), Oprea (2020), Dean and Neligh (2023), Enke et al. (2023)). Huck
and Weizsécker (1999), Sonsino et al. (2002), Fudenberg and Puri (2023), Enke and Shubatt
(2023), Puri (2024) find lotteries are less tempting when they have more outcomes (so are
more “complex”). Oprea (2024b) finds that this behavior may be linked to complexity rather
risk per se. Those papers however do not investigate a form of “complexity aversion”. It
would be interesting to revisit them with that angle, especially as “complexity aversion”
might be (in part) a way to generate risk aversion.

It is clear intuitively a high complexity is a key determinants in mistakes, and this has
been directly or indirectly shown in a number of papers, in all parts of economics. For
instance, in macro, losses from lack of consumption planning can be very high (Augenblick
et al. (2024)), and where the non-indexation of debt contract amplify financial crises (Gertler
and Karadi (2011)).? In law and economics, contracts tend to be “simple”, standardized and
sticky (Hart (1995), Bar-Gill (2012), Gulati and Scott (2012), Dari-Mattiacci and Marotta-
Wurgler (2022)). In finance, firms and analysts often use simple, quite rigid rules of thumb
to assess cost of capital, and valuations (Graham (2022); Gormsen and Huber (orth); Ben-
David and Chinco (2024)). This paper could be useful in those parts of economics, as a way

model the taste for simplicity, and its equilibrium consequences.

Outline The paper first lays out our basic model, then explores successively simple prices,
simple tax systems, aversion to indexation, and the complexity costs of inflation. Most proofs

are in the appendix.

2If debt contracts were indexed on aggregate economic activity, typically contracts would automatically
channel funds to financial firms in crises, as in contingent convertible bonds—but we scarcely see that in
practice, arguably because investors want simple, standard bonds.



2 How complexity aversion leads to simple mechanisms

2.1 Motivation: many institutions are “simple”

Many institutions look “simple”, compared to a frictionless benchmark. For instance, prices
for Whole Foods delivery are the same for all hours and days of the week, even though they
“should” vary in the frictionless world, as the marginal cost to Whole Foods must be different
across the slots. Why does Whole Foods adopt this very simple pricing scheme? Most likely,
this is because of some form of complexity aversion by the consumer.® This sort of situation
is extremely prevalent: for instance, restaurant typically (not always) charge the same price
for meals are different hours of the evening; bars do not implement “congestion pricing”.
We show how our model of complexity does generate “complexity aversion”, which leads

to “simple mechanisms” — for instance rigid prices.

2.2 Model

We first review an existing model of thinking cost, then add the key new ingredient: com-

plexity aversion.

2.2.1 A model of thinking cost: Background material

We first draw from a simple model laid out in Gabaix and Graeber (2024), drawing on
Gabaix (2014), that does not feature complexity aversion yet. The task is to maximize
over a continuous action a an objective function w (a,z), where u is smooth (three times
continuously differentiable) and concave in a. We assume that the vector of disturbances «
is drawn from a distribution with mean normalized to 0. We take a to be one-dimensional
for now, but it is easy to extend to a multidimensional a. We call default action a the
optimal action “at the default”, i.e. when all x are equal to 0, a® = argmax, u (a,0), and
we normalize it to 0. We call a,, is the partial derivative at a default point. The rational
answer is thus (after linearization, so up to second order terms in z;, so that we assume that

the deviations z; are “small”)

a" = Z%ixi = Zyi, Yi = Qg X (1)

3This could also logically be a form of complexity aversion by the producer — i.e. some employee at
Whole Foods — who does not know all the marginal costs. The modelling would be similar as the one we
propose here, and might apply to the situations documented in DellaVigna and Gentzkow (2019). It couldn’t
plausibly be a monetary “menu cost” for Whole Foods — their sales are so enormous that any cost of changing
the web site should be comparatively trivial.




The agent’s objective is to cognitively construct those y; := a,,x;, which indicates by how
much dimension 7 of the problem should change the rational action. We assume for simplicity
that the z;’s have mean 0, and are uncorrelated (or, are perceived by the agent to be
uncorrelated).

We model that people receive noisy signals y§ about y;:1
y; = may; + (1= my) g +/mi (1 —my)e; (2)

where m; € [0, 1] is the precision of the signal, y¢ is a default value, equal to 0 when the

mean of z; is 0, and ¢; a mean-zero noise with variance 0521, = ai. If all the shocks are
jointly Gaussian, with the prior of y; equal to y?, we have E [y;|yf] = . The rational case
corresponds to m; = 1, and the extremely inattentive case, to m; = 0.> Accordingly, we

posit that if the decision maker sees y;, she takes the decision
a=2 v
i

The utility losses from an imperfect decision are them:
S T 1
Eu(a®,z)] —Eu(a", x)] = 5 {u" (ad) ‘ ZU; (1 —my) (3)

Production function of thought

Typically, in calculations, we’ll assume a production function of thought (or precision) as

follows: an effort L; leads to a precision

m; (L;) = min ((%)H , 1) . ae(0,1) (4)

where a € (0,1) and ¢; parametrizes the basic “cost” of thinking, and is taken here as a
primitive (it can be endogenized, as in Gabaix and Graeber (2024)). The cognitive cost
C; (m;) is then wL;, where L; is the effort needed to reach precision m; according to (4), and

w is a cost of effort, which can be taken as a constant in our applications, so is

1

C; (m;) = weym; =, 0<ax<l1 (5)

4The noisiness is not central — the fact that signals are imperfect is.

SWe shall not assume that agents are Bayesian (as traditional information economics) — instead, we
simply use that benchmark as an inspiration for the model (as e.g in Gabaix (2014), Woodford (2020)). For
instance, when y; and yo are correlated, a Bayesian agent would use E [y |y5, y5] to infer y;, but instead we
model the agent as being a “limited Bayesian”, who simply performs E [y; |y5].



We could also have the production function of thought with o > 1:

mi(Li):maX(l—(E—i—l)l_a,O), a>1 (6)

C;

This model induces sparsity, i.e. when benefits are small enough, the optimal effort and

attention are exactly 0. Then, the cost is
C; (my) = we; ((1 ~my)TE 1) . a>1 (7)

Yet another tractable format is a linear-quadratic cost of cognition.

The cost C'(m) is convex in m, C' (0) = 0, and we normalize w = 1.

2.2.2 Complexity aversion: The innovation in this paper

The consumer’s full utility, given attention policy m, is:
V(m) =Elu(a®,2)] = C(m) — C* (m) (8)

where a® = a" (z° (x,m)) is the action given the perceived = (with a” (x) the rational action
given z) and where C' (m) is a cognitive cost function, which is the effort needed to achieve
precision m (which comes from (4)).

But the key new term in this paper is the “complexity aversion” term C°* (m). We will

recommend it to be first order complexity aversion:
COAL = fZE Uaauma;xiﬂ (1 —my) (9)

where o, is the natural scale of a, explained below. The first order penalty is proportional
to o,, rather than o2 . This is in the spirit of first order risk aversion (where the risk penalty
is proportional to the standard deviation), which has been found many times to describe
people better than rational model’s prediction of second order risk aversion (where the risk
penalty is proportional to the squared standard deviation), see Kahneman and Tversky
(1979), Rabin (2000).

The crucial part in (9) is that, when m = 0 (when the agent doesn’t think), the CA term
is strictly positive (even though the cognition cost is C'(0) = 0). To build intuition, consider
a very boundedly rational agent that has m = 0. Then, the cognition cost is 0, but the dread
cost is strictly positive, as the agent is conscious enough that he is making a mistake (as in
Enke and Graeber (2023)). Hence, there is an incentive for the planner to create a “simple

scheme” | that will not create too much “dread”, i.e. complexity aversion.



On the other hand, when the consumer understands fully the situation (so m; = 1), there
is no room mistake, and the dread cost becomes 0 in (9).
A variant that we will sometimes study (and then ultimately discard) is “second order

complexity aversion”, which which is proportional to the expected loss from mis-optimization:
1
C2 = ¢Ru(a",z) —u(a®, z)] = SZ]E {—éu(w (a;ixi)ﬂ (1 —my) (10)

where £ > 0 is a unitless parameter that we will call complexity aversion. It is in the
tradition of regret, e.g. Loomes and Sugden (1982), Sarver (2008). It is more natural
given the tradition, but ultimately we won’t recommend it, as it typically does not generate

simplicity.

Multidimensional actions The following is advanced material, and best skipped at a
first reading. If a represents the randomness of the action across situations, the complexity

aversion is:

CoMl = fz (E |&uaaaxixi]2)1/2 (1 —my) (11)

If there are several dates, and utility is separable, it may be useful to sum separately

across periods:

COM = 52 (E Uatuatatat,xixilﬂ)lﬂ (1 - ml) : (12)
it

3 A simple example: rigid pricing schemes

We present in some detail the application of the above general model to a simple situation:
the pricing of one good. This is a very simple context, that will provide many of the key

economic lessons, valid in later applications.

3.1 Setup and basic analysis

A competitive firm (maximizing social welfare) sells to a behavioral consumer, who can buy
a continuous quantity of its good.® The marginal cost is an exogenous ¢ (z) = 1 + x where

z is a random variable with mean 0 and variance o2. The endogenous price per unit is is

5Here, we take the benchmark of firm, which competitive forces lead to maximize social welfare, hence
to be “benevolent”. Section B.1 gives a microfoundation. This is the opposite tack of the literature where
firms exploit the naive consumers’ bounded rationality (Gabaix and Laibson (2006), Heidhues and K&szegi
(2018a)), because there is a “shrouded attribute” (e.g. the spare part to be bought later) in addition to a
“visible base good” (the car). Considering that those issues are now well-understood, we focus complexity
with a benevolent firms. Of course, complexity aversion with an exploiting firm would be an interesting next
step.



p(x) = 1+ bz, where b is chosen by the benevolent firm, i.e. the planner. If consumers were
rational, the efficient value would be to have the price equal marginal cost, i.e. b = 1, but
with behavioral consumers the firm might choose another b. For instance, if b = 0, the price
is constant over time, which “simplifies” the consumer’s choice.

The consumer chooses to consume a quantity C' = 1 + a, where a will be a deviation of
consumption from a value of 1, and will have a mean 0. Her total utility, net of the cost of
good, is:

u(a,z) =U(1+a)—p(z)(1+a) (13)

where the gross utility from consuming a quantity 1 4+ a of the good is:

1
U(1+a):1+a—2—a2 (14)

where ¢ > 0 is the elasticity of demand (when the price is centered at 1). The rational
action is a” = argmax, u (a, x) i.e.

a" = —bx (15)
3.1.1 The behavioral consumer’s utility

Imperfect cognition The consumer perceives the price as p®* = 1 4 bz® with
z* =mx++/m(l—m)e (16)

with 0. = 0,. Precision m € [0, 1] is a (costly) choice. She takes the action a = —bz®, see

(15). The utility gains from taking the right action (i.e. a" = —¢bz) is:

1 1
X = _iuaaE [(CL;I)2] = §¢Uib2 (17>

Traditional consumption utility is:”

U™ =Eu(a,z)] = xm

so is increasing in attention.®

"The derivation is:

U™ = Elu(a,z)] =Eu(a",z)] + %uaaE [(a;m)z] (I-m)=x—-x(1—-m)=xm

81t may be surprising at first that a more volatile price makes the consumer better off, even though
the consumer is risk-averse (U™ increases with o2b%). This is always true with quasi-linear utility
u(coy. .. ¢n) = co +Ulca,...,cn), with U concave, which is our case here. This is not true for general

10



Complexity aversion With first order complexity aversion (9), we have the dread cost,

of complexity aversion cost:
1
O = €B[(0attaad})] " (1= m) = om0 [bl 0w (1 = m)

hence
CM = ¢o,0, |b] (1 —m) (18)

The crucial part is that, when m = 0 (when the agent doesn’t think), the dread term C“*! is
strictly positive (even though cognition cost is zero, C'(0) = 0). Specifically, it is proportional
to the expected absolute mistake from not thinking.? Also, in (18), if the consumer makes no
mistake, m = 1, the dread term is 0: there is no cognitive dread when all is well-understood.

With second order CA, the CA penalty (10) is the expected loss from mis-optimization,
times the coefficient of complexity aversion &:

N = € o (1 - m) (19)

The interpretation is similar to that of the first order CA (18, but with a term proportional
to b? rather than [b].

The consumer’s full utility is, from (8):
Veors (m) = ym — C (m) — C4 (20)

where C°A could be first or second order complexity aversion.
In the case of endogenous attention, we positive that the consumer optimizes cognition,
i.e. does
max V" (m) . (21)

m

3.1.2 Social welfare

Social welfare is the consumer’s full utility (including dread and cognition cost), plus profits

from consumption 1+ a (z*), which also reflects that the social cost of the good is ¢, not p:

W = V" (m) + E[(p (2) — e (2)) (1 +a(a*))

non-quasi linear utilities, as can be seen for the one-good case: the indirect utility is u (%), which shows

the tension between the convex % and the concave u.

9To anticipate why this is important, consider a very cognitively limited consumer that exerts no cognition
in equilibrium (m = 0): the dread terms increases the deadweight loss from the mechanism, as it makes the
agent “feel anxious”, in addition to making him lose utils from poor decision-making.

11



So, the social planner’s (or benevolent firm’s) wants to maximize total social surplus,
while taking into account that the variability of prices (indexed by b) affects the endogenous

attention m. Mathematically:

mgxxW (m,b) subject to m € argmax V" (m, b) (22)

m

where V" (m,b) is (20). We next calculate that social welfare.

Lemma 1. Social welfare s

b2
W (m,b) = (b - 5) Yoim — C — C (m) (23)
We verify that when there is no cognition cost nor complexity aversion (m = 1, £ = 0),
social welfare is W = (b — %) 102, so is maximized when b = 1, i.e. when the consumer

pays the marginal cost.

3.2 When is the optimal price system “simple”?

We now arrive at the meat of the analysis. We next derive the optimum price complexity,
particularly focusing on when the price is “perfectly simple” and constant (b = 0). We start
with the most important case, first order complexity aversion. Then, we move on to the

secondary (and less robust) case, second order complexity aversion.

3.2.1 First order complexity aversion reliably generates simplicity

Proposition 1. (Optimal price simplicity, first order complexity aversion) Suppose that

consumers have first order complexity aversion. Then, the optimal sensitivity of price to

aac]-_ _Wmd_m
b = max (1—50 71 —m) &b ,0) (24)

baim

marginal cost 1s:

So, with exogenous attention (‘fi—? =0), the optimum entails rigid prices if and only if:
£0,0, (1 —m) > Yo’m (25)

i.e. if marginal complezity aversion cost, (6,0, (1 —m), exceeds that the marginal increase

in allocative benefits, Yom.

Proof. With first order CA,

W = (b — %bz) Yoim — £0,0, |b| (1 —m) — C (m)

12



So,

d 9 , dm
%W = (1 —0b)Yoim — Eo,o.sign (b) (1 —m) + Wm%
Solving for b gives the announced expression (24). ]

Proposition 1, especially (25) also shows that contracts are more likely to be “simple”
(b = 0) when (i) complexity aversion & is high; (ii) when the elasticity of demand 1 is
low — hence, if competition is low (in many models, higher competition leads to a higher
elasticity of demand v, see e.g. Atkeson and Burstein (2008), Gabaix et al. (2016)); when
(iii) volatility of the demand would be low (10, low) even under a frictionless model; (iv)
when the degree of understanding is low (low m).

The important point is that we get a simple price system if the cost of cognition is large
enough. We see why Whole Foods has a uniform pricing system for delivery, but variable
prices between goods: the demand for delivery is reasonably inelastic, we conjecture, while
the demand for an individual goods is much more elastic (e.g. raspberries vs blueberries, or
raspberries at Whole Foods vs another store), and the marginal cost of perishable goods is
very variable, depending on crops for instance. Likewise, in very competitive markets (e.g.

airlines), the elasticity of demand is very high, and as a result the schemes are “complex”.

The role of complexity aversion cost The next proposition shows that the CA is
essential to obtain simple mechanism. Without CA, we do not get outright simplicity (b = 0),

and instead we get b = 1 as the optimum.

Proposition 2. (We need complexity aversion to explain full simplicity) Suppose that there
is mo complexity aversion (& = 0), and there is either exogenous or endogenous attention.

Then social welfare is optimized for b =1, so that prices are not rigid at the optimum.

We conclude that, with first order CA, a high CA parameter £ generates simplicity, b = 0.

We next verify that this works with endogenous attention.

Deepening the role of the thinking cost with endogenous attention The following

gives sufficient conditions for full simplicity.

Proposition 3. (Optimal price simplicity, first order complexity aversion, endogenous at-
tention) Suppose first order complezity aversion, and endogenous attention m. A perfectly
simple contract (b =0) is locally optimal (i.e. the social welfare W (b) has a local optimum
at 0) if and only if (25) holds. For a perfectly simple contract to be globally optimal, the
following are sufficient conditions: C' (1) > o2 (it is mentally costly enough to reach a full

precision), and the complezity aversion cost & is large enough: & > &, where the (finite)
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cutoff is:
(26)

The intuition is the following: if it’s mentally costly enough to fully understand the
situation, people will have a limited understanding of it, so m < 1. But then, if b > 0 and
the complexity aversion ¢ is high enough, the “dread” term (18) is high enough to wipe out
the allocative benefits, 1¢o?2.

The cutoff £* is higher when cognition is cheaper (C'is lower), and when the traditional
benefits from a rational allocation (%wag) are higher (when the rational elasticity of demand
¢ and the volatility of prices o, are higher).

To complete the picture, we consider a case where we need not have perfect simplicity:
intuitively, this is the case when the marginal cost of thinking are low enough, compared to

the social surplus gains of having a complex contract.

Proposition 4. (When full rationality is easy enough, contracts shouldn’t be maximally
simple) Suppose that C' (1) < %wafg. Then, perfect simplicity (b = 0), is non-optimal (and
indeed, less desirable than b = 1, the optimum slope with traditional agents), even with a

high complexity aversion parameter &.

The economic interpretation of the condition is that the (marginal) cost of thinking C” (1)
is less than the surplus generated at the optimum, which is %@Dag. Hence, some complexity is
important if the task is “easy” (C’ (1) is low, which implies that C (1) is low, as by convexity
C' (1) < (1)), or a “very important” (it yields a high social surplus £¢02). Hence, we have
simplicity when the cost of getting it exactly right is not too large.

This concludes our analysis of first order complexity aversion. We see that when it is
large enough (£ large enough), it generates full simplicity, at least if it is hard enough for
the agents to completely understand the situation (Propositions 1 and 3). At the same time,
complexity aversion is necessary to account for full simplicity (Proposition 2). We next move

to second order CA.

3.2.2 Second order complexity aversion sometimes generates simplicity, but in

a non-robust way

Proposition 5. (Optimal price simplicity, with second order complexity aversion) Suppose
second order complexity aversion. Suppose that attention m is exogenous. Then the optimum

slope is
m

b:m+(1+§)(1—m)

Hence, contracts are typically non-simple, as b > 0 whenever m > 0.

€ [0,1]
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Proof. With second order CA, we use the analogue of (49)-(50), with € =1 +¢

W = (b - %bQ> Yoim — f%@[}ang (1—=m)—C(m)

SO
dm

db

First, with exogenous attention, so ‘il—? = 0. Then, the optimum is b = m?%m

Wy = (1 —b)pom — Epo2b (1 —m) + W,

1 dm
m-‘rrg meiﬂ

m+£(1—m)

b= [l

So, if there is a “default” level of attention that’s positive, the some positive slope b > 0
is optimum: contracts are not “perfectly simple”. They are not the optimum contract with
rational agents, which would be b = 1.

We next explore a different variant, to probe the robustness of the second order complexity
aversion. We suppose that there is a non-zero fraction € € (0, 1) of rational consumers, with

zero cognition costs, and that the same contract must be offered to all consumers.

Proposition 6. (Optimal contract when there is a small fraction of rational consumers)
We suppose that there is a fraction € € (0,1) of rational consumers. Then, with first order
complexity aversion: with either erogenous attention m < 1, or endogenous attention with
the conditions of Proposition 3, then if & is large enough one still wants a simple contract

(b =0). However, with second order complexity aversion, a simple contract is never optimal.

The moral is that first order complexity aversion is a much more robust way to get
simplicity than second order CA.
Now, let us turn to endogenous attention, which gives another way to appreciate the

same phenomenon.

Proposition 7. (Optimal price simplicity, with second order complexity aversion, endoge-
nous attention) Suppose second order complezity aversion, and endogenous attention. Then,
2

we have the following: with o < 5 or a > 1 (where o parametrizes the curvature of the

production function of thought, (4)-(7)), then if complexity aversion & > 0 is large enough,

2

then the optimum entails rigid prices (b = 0). However, if o € (g, 1), then the optimum

entails flexible prices (b > 0).

We see that both first and second order complexity aversion generate simplicity. However,
the first order complexity works with fewer condition. Both tools achieve complexity, but
first order CA is very directly effective, like sword, whereas second order CA is more delicate,
like a scalpel. It is useful to have both tools in the economist’s kit, though the sword will be

more powerful most of the time.
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We conclude with a remark on complexity across domains (linked to Moravec’s Paradox:
what’s hard for computer is often easy for people and vice-versa). Why is it hard to handle
tasks requiring to juggle with numbers, and relatively “easy” to drive (at least, after two dozen
hours of lessons) — does the model see that? Intuitively, this is because processing actual
numbers is hard, while processing visual information is quite easier. In the model, this is
because the cost of processing ¢; in (4) is high when dealing with mathematical operations
on numbers, and and low when processing visual information: e.g., there’s a fork on the
road, and I should turn right. Hence, inside the model, when driving, the imprecision 1 —m;
is very small, and the complexity dread term (9) is very low. Under a heavy rain, so that

seeing the road is harder, imprecision is higher, and driving is harder.

4 Simple tax systems: Ramsey problem with optimally

simple taxes

The Ramsey (1927) taxation problem is the most basic taxation problem, and still leads to
complex optimal taxes: generically, each good has its own specific tax, proportional to the
inverse elasticity of demand. This is even true when agents are behavioral, in the sense that
they misperceive the tax, but are not complexity averse (Mullainathan et al. (2012), Farhi
and Gabaix (2020), Rees-Jones and Taubinsky (2020)). We show how complexity aversion

lead to an optimal simple tax system.

4.1 Traditional, rational version

We start with the traditional framework for goods taxation. There are G + 1 goods indexed
by g. The agent has utility U (¢) = Zngl u9 (¢g) + co where u9 (¢y) = ¢4 — ﬁ (cy — 1)* and
¢ is the a residual good with price 1 (which is utility from residual income), untaxed. Hence
the rational demand is ¢, = 1 — 1, (p; — 1), so that 1), is a sensitivity of demand of good ¢
to its price.

Each good g is taxed at a rate of 7, so the price paid by the consumer is p, == p, (1 + 7).
The pre-tax price p, is independent of taxes, e.g. fixed by a linear production technology,

and we normalize it to p, = 1. The government has a social welfare function:

W=U(c)+(L+A)> 7, (27)

where A > 0 is the excess marginal value of public funds, which are the collected taxes,

Zg TgCq-
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Following the tradition, we take the limit of a small A, so that taxes are small. Taking a

Taylor expansion up to second order terms, rational utility is
0 L. 5
W=w+>" — 5Ty AT,
g

where W is the utility with 0 taxes. With rational consumers, optimizing over 7, gives the
traditional Ramsey (1927) rule

A

Ty = —

g ¢g

Each good has a different tax: the tax system is very “complex” in that sense.

(28)

4.2 Complexity averse agents

The tax is: 7, = T+17,, where 7 is the average tax and 7, is a deviation. We assume that the
average tax is perfectly perceived (the idea is that if the tax is on average 10%, consumers
will know it and take it into account). But the consumer sees the deviation 7, only partially,
i.e. sees a tax

T, =T+7,
where the subjective perception 7, is an inattentive version of the true 7.

The limited capacity to react to taxes is intuitive. Chetty et al. (2009), Taubinsky and
Rees-Jones (2017) and Rees-Jones and Taubinsky (2020) provide compelling experimental
evidence that people do not react optimally to taxes, and indeed typically under-react to
them, consistent with limited attention or processing capacity. Glaeser and Shleifer (2001)
propose that quantities rather than prices are sometimes regulated (e.g., no alcohol should
be sold on Sundays), when quantities are easier to observe, a form of simplicity. Aghion et al.
(2024) find significant frictions to optimal reaction to taxes, consistent with complexity costs.

This model applies directly to the US, where it’s customary for firms to show the pre-
tax price p,, but not the price inclusive of the tax, p, = p, (1+7,). However, it also
applies to other countries, where the price inclusive of taxes is shown: simply then, the
cognitive difficulty is on the side of firms. Indeed, consider a world where what is shown
is the price p, inclusive of the tax, as in European countries; and where, as in all sensible
systems, intermediary production is not distorted, so that firms do not pay the VAT on
intermediary inputs. Then, the model still applies, but the complexity is for firms, not

consumers. However, the economics are the same.!”

19Guppose that firms see the price p, but the price they pay is 1:_3—97, as the VAT that a firm pays
g

is rebated to it. Then, a firm h’s problem is to maximize over the intermediary inputs X ;‘ of good g,

maxx ppF" (X;‘) — Zg 15_’;(7 Xg. So, it’s the firm that now faces the complexity cost of knowing each 7.
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The consumer’s demand is:
cg=1-— wgrgs (29)

Calling m, the attention to the special tax 7, to good g, the (first order) complexity aversion

cost associated with good g is:
5™ = €0, 17, (1 —my) (30)

where o, is the typical variation in the consumption of good g. This is derived as in (18).
Social welfare is:
W=E —C9N = Cyt (14 X)) 7y (31)

g

Zug (¢9)

i.e. the consumer’s utility (inclusive of the complexity aversion, and the cognition cost CgCA,

plus the government revenues (with a weight 1+ A, where A > 0).

Lemma 2. (Welfare in the Ramsey problem with CA agents: Taylor expansion) In the limit
of small taste for government funds X\, hence small taxes, social welfare is, up to higher order

terms:
Wo—wee 3 [_71¢Q]E (74 5)] = €oe, il (1 =) = Cy+ A (7 +7) | (32)
g

where WO social when all taxzes are zero. Also,
E [(f + “;)2] =72+ my (277, + 7,)

The government problem is to maximize social welfare W, subject to the average tax
being 7, i.e. Zg 74 = 0, so that 7 is truly the average tax.

If all consumers are rational (§ = 0, 7; = 7,), optimizing social welfare (32), we obtain
_
=7
good has a different price.

Tq the traditional Ramsey inverse elasticity rule: the tax system is complex, as each
With complexity-averse consumers, we obtain the following very different result (the
proof is in the Appendix).

Proposition 8. (Optimal tax simplicity, with a concave cost of cognition) Suppose first order
complezity aversion, and exogenous attention. Define the average elasticity 1) = é Zg .

Suppose for all goods, the average attention to the tax is imperfect, my < 1. Then if com-

As decision-makers in firms are people, then if prices inclusive of taxes are shown, those people will pay the
complexity cost instead of the consumer.
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Higher complexity aversion, fewer tax rates

101

Number of different tax rates
w

0.0 0?2 0?4 0?6 Ot8 1?0 1.2
Complexity aversion &

Figure 1: As the complexity aversion increases, the optimal number of different tax rates
decreases. Notes. In this illustration there are N = 10 goods. When complexity aversion is
very small, there are 10 different tax rates, as in Ramsey. However, when it is large enough,
there is just one uniform tax rate.

plexity aversion & > 0 is large enough, then the optimum entails a simple tax system: the
A
¢
for this simple tax system is that & is large enough to satisfy is:

tazx rate is the same for all goods, T, = T = 5. More specifically, a necessary and sufficient

max )\mg% — &0y (1 —my) < min /\mg% + &0, (1 —my) (33)

When mg and o, are the same across goods, this necessary and sufficient condition becomes:

)\maxgngmingwg §2§Ul—m (34)
(8
Condition (34) means that we have a simple tax system if complexity aversion ¢ is large

enough compared to the relative dispersion of elasticities (w)’ and if attention

m is low enough. Condition (33) has the same message, in a more general way.!!
This makes intuitive sense: when cognition costs are very high, it’s best to have a uniform
tax. However, finding the conditions (namely, first order complexity aversion) for that is not

trivial. 2

HThere is a value &, > 0 such that (33) holds if and only if £ > &,. Indeed, observe that the difference
between the right hand size of (33) and its left-hand size increases in £, and goes to £ as £ — oo.

12We started Farhi and Gabaix (2020) hoping to obtain simple tax systems, but we didn’t. Optimal taxes
in the Ramsey problem were modulated by attention, but where not simple. Inattention, and information
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Extending the proposition, one could imagine that as the complexity aversion cost & > 0
becomes lower, a more and more complex tax system is warranted. Indeed, it is clear that
more generally, when complexity aversion ¢ increases, there are fewer tax buckets. The
situation will like Figure 1.

More generally, our approach yields a principled way to do “behavioral mechanism de-
sign”, i.e. design optimal institutions (i.e. price or tax systems) that aim both at high
allocative efficiency and not too high complexity (see Gonczarowski et al. (2023) for ad-

vances in behavioral mechanism design). We think that this is a fruitful research avenue.

5 Aversion to indexation

When a risk-averse agents deals with a risk-neutral firm, in basic rational economic theory,
contracts should be indexed, to remove some extraneous risk from the consumer: for instance,
debt or mortgage contracts should be indexed on inflation, or other macroeconomic variables
(e.g., Holmstrom (1979)). However, the stylized facts on indexation are the following. (i)
Most consumer contracts are not indexed, contradicting the rational prediction (ii) On the
other hand, in extreme cases, e.g. hyperinflations, contracts become indexed again.
Intuitively, the reason for the lack of indexation is that an indexed contract would be too
“complicated”, compared to the traditional gains (lower risks). We formalize that now.

There are three periods, t = 0, 1, 2. Consumption happens are time 1, 2, and utility is
V=v(cr)+v(c), v(c)=c— =c

Income at time 2 is 2 (y + ¢), where ¢ is a mean 0 random variable, and there is no income
at times 0 and 1. The interest rate is 0.

At time 0, the consumer can choose to “index”, i.e. to enter into a contract adding —25x
to his future time 2 income, where x is an variable, correlated with g. So, time 2 income is,

inclusive of the indexation,
yo =2(y+ 9 — B) (35)

where [ is the consumer’s choice of indexation.

We call @ the time-1 consumption. So utility is u (a) = v (a) + v (y2 — a), i.e.

u(a,f) =v(a) +v 2y +9 - fr) —a)

economics was not enough as an ingredient. But now we obtain them, thanks to the new ingredient of
complexity aversion.
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The rational decision at time 1 is
a=y+y—px (36)

The value of § and x is announced at time 1. To minimize variance (i.e. maximize
utility Eo [u (a, 8)]), from the point of view of time 0, a rational consumer would choose
f* = argmin, var (§ — fx), i.e. [* = %

But intuitively, a behavioral consun:er will dislike the additional complexity of having
to think through Sz at time 1 (the values of r, x are realized at time 1). We now model
this. Let’s say, for simplicity, that only z is hard to see. Then, the perceived value is

x* = mx + (1 —m)e. The consumer sees a = § + § — Sx®. So, the objective utility is
* 1 2 2
V=V LTF02 (1~ m) ~ Powre [6] (1 - m)

So, if £ is large enough, it is best to choose g = 0.

Proposition 9. (How complexity dampens or annuls the incentive to index) Suppose first
order complexity aversion. Normalize cov (y,x) > 0 (otherwise, replace x by —x). Suppose

exogenous attention m. The optimal indexation level is

f = max (cov (§,x) — £o,0, (1 —m),0) % (37)
In particular, if the marginal benefit of indexation (cov (y,x)) is less than marginal complexity
cost of indexation (£o,) (i.e., if cov (7, x) < 0,0, (1 —m)), then the optimal indezation for
the consumer is 0.Proposition 9 is qualitatively consistent with the main facts. When stakes
are small, there is no indexation. However, when stakes increase (e.g. inflation is higher),
then there is some indexation. This may explain why most contracts (e.g. debt contracts)

are not indexed.

We contrast this arguably correct prediction from first order complexity aversion, to
that of second order complexity aversion, which (counterfactually) predicts that people will

always want to index a bit.

Proposition 10. (With second order complexity aversion, there is always some indexation)
In contrast to Proposition 9, with second order complexity aversion, there is always some

indexation.

This example made the point that complexity-averse will not want to index, under a wide
range of parameters. More generally, they will not want to contract on some observables,
which might be a way to generate incomplete contracts, in the spirit of Hart (1995), but
with a more explicit cognitive structure, which would lend itself to measurement. We defer

this exploration to a future iteration of this project.

21



6 The complexity costs of inflation

6.1 The costs of inflation for agents

There is a large literature on the welfare cost of inflation, which includes many traditional
determinants. But typically, they are very small. For instance, a prominent cost (Woodford
(2003)) is the fact that inflation adds dispersion between firm prices: for instance, if Coca-
Cola last reset its nominal price 7 period before Pepsi, and inflation is 7, the relative price
between Coca-Cola and Pepsi is off by 77; that distortion yields a welfare loss (Harberger
triangle) order (77)%. This is typically very small (less than 0.1% per year).

However, one very plausible cost of inflation is that it adds “complexity” for the decision
makers (Binetti et al. (2024)). This is what we model now.

Time t is continuous. The log price level is p; = In ;. We write ¢ = n + h with n an
integer (the “year”) and h € [0, 1) the “calendar date within the year). The log price increase
continuously within the year, as p,.n = pn + mp11h, where inflation in year n is m,,,. The

agent gets a raise every unit period. Income is paid continuously as

1
yfz-ﬁ-h = Pn + éﬂn-i-l (38)

as %ﬂ-n_i'_l compensates for the lack of raise within the year (¢ € [n,n + 1)). Inflation has
expected value 7.

For starkness, we assume if that inflation is potentially known in advance: for instance,
it is constant at m, = 7. Here, a rational agent would face no cost of inflation. It would be
easy to make inflation uncertain — then in the income process (38) we’d replace m, by its
expectation.

Figure 2 plots prices (for a constant inflation), and income. The infrequent adjustment
of income creates an extra complexity, as income and prices do not move in sync — inflation
makes real income less regular. This is also true even if inflation is constant. In that sense,
inflation adds extra complexity.

Optimal (rational) consumption is (in logs)

1
Ci-s—h = yfﬁh - (5 - h) Thn+1

Hence, to the problem is added an extra complication: the 7, term. It captures the
following: early in the year (h ~ 0), agent should save (his real wage is high, because he
just got a raise); later in the year (h ~ 1), agent should dis-save (as his real income is low,
because his real wage has been eroded by the inflation since the beginning of the year).

We suppose here that inflation is constant, at 7. The cost of inflation are the following.
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Graph of Income y; and Price p;

4.0 4 = Price p;
Income y;
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Figure 2: The price increase continuously, but the agents’s nominal income increases only
once a year (those quantities are in logs). That makes the planning process more complex,
as the theory develops.

Proposition 11. (Losses from inflation) Suppose that nominal wages are readjusted only
between periods of length 7. Call m the attention to inflation between wages increases, and
assume first order complezity aversion. Then, the utility losses (expressed as a fraction of

losses in permanent consumption) are:

(4 = L€ el (1 - m) (39)

while the “variance” costs are (" = y7m*m? (1 —m).

6_5_6><%_
T lyr

In particular, the complexity costs are higher than the variance costs iff 7 <
300%/yr.

So, for a moderately boundedly rational consumer (m = 1/2), then the loss is quite high,
about ¢ times 7. With £ = 0.5 and v = 4, the looses are ¢ ~ %‘Tﬂ". If indeed annual
inflation is m = 4%, the loss is 2% — something sizable, while at 7 = 20%,the loss is a large
10%. Note that, because of first order complexity aversion, the loss is proportional to 7, not
72, This is consistent with empirical evidence that shows that people averse to inflation even
at low inflation rates (Shiller (1997), Di Tella et al. (2001), Stantcheva (2024)). This loss
is much larger than the quadratic loss 72 of the New Keynesian model, with both rational
agents (Woodford (2003)), and behavioral but not complexity averse agents (Gabaix (2020)).
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6.2 Optimal policy when agents are complexity averse: the spar-

sity of outcomes principle

With complexity costs, we have a first-order costs of having disturbances. We next present

a simple result on their optimization.

Proposition 12. (Sparsity in outcomes principle) Suppose that we minimize, over action
a, the function:
L:w1 |371| +w2|m2| (40)

with w; > 0, and x; = b;a + &;, for some b;, and &. Suppose that x1 have higher “social
welfare impact” than o, |w1by| > |weby|. Then, at the optimum, x; = 0, while, generically,

1‘27&0

This means that the planner wishes to set one of the objective variables to 0. We call
this the “sparsity of outcomes” principle: the optimal policy makes one of the two outcomes
sparse.'® This result is mathematically extremely simple, coming from simple algebra and
in the spirit of the Lasso (Tibshirani (1996)). Nonetheless, it is useful to keep in mind when
thinking about optimal policy.

Let us see how that affects optimal monetary policy.

6.3 Application to the New Keynesian model
6.3.1 Economic environment

We take a simple New Keynesian model. Intuitively, given Proposition 12, the planner will
wish to always set either inflation or the output gap to 0: this helps the consumer, this way.
This is in contrast with the “quadratic loss” case, where generically both are non-zero.

Let us see this in some detail. We take the model in Gabaix (2020), which generalizes
Woodford (2003), to allow for partially myopic agents, which is relevant for monetary policy.

It microfounds the following the behavior of the output gap x; and inflation ;:

xy = ME; [2411] — 0 (i — Eymr — 1) (IS curve), (41)
7y = BMIE, [m41] + K2y + v, (Phillips curve), (42)

where M, M/ € [0,1] are the aggregate-level behavioral “cognitive discounting” parameters

of consumers and firms, respectively. The rational case corresponds to M = M7/ = 1.

13The principle generalizes to high-dimensional settings. With V variables and J policy instruments (so
aloss L = ZY:1 w; |z;|, and an action vector a of dimension J), it will be often (i.e., in an open set of
parameters) the case that J of the variables are exactly equal to 0.
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Production is Y; = €% Ny, where TFP level (;, follows an AR(1), and N; is labor supply.
Equation (42) also allows for a “cost-push” shock 14, following an AR(1): v, = p,vp_1 + &}
with p, € [0, 1), which could be microfounded as a markup shock (Gali (2015), Section 5.2),

or an expectational error.

6.3.2 Welfare with complexity costs

In the traditional models (Woodford (2003)), the welfare function is:
=1
Wtrad _ _Ktrad]EO Z §Bt (7Tt2 + ﬁtradxf) + W,, (43)
=0

where 94 = £ a4 — g ¢ (7 + ¢) £, and W_ is a constant, & is the Phillips curve coeffi-
cient with rational firms, and ¢ is the elasticity of demand. The losses come from misalloca-
tion costs, due to inflation m; (the relative price of firms is off), and output gap z; (people
don’t work exactly the correct amount).

With complexity-averse agent, we need to revise this. The optimal consumption is, up
to second order terms (cf Gabaix (2020), Proposition 29 in the online appendix):

_r . BR 1 ~BR ~BR
Ct = Ekt =+ Yy + Et ; F (br'r (XT) =+ byy (N7'7 XT)) ) (44>
where expectations are taken under the agent’s subjective model of the world, b, = 7__1%12’ b, =

%, and N, labor supply at the perceived optimum.
So, the variables to choose nominal consumption are: inflation 7;, and the output gap
xy, the fundamental business cycle shock (.

Proposition 13. In the New Keynesian model with complexity aversion costs, welfare is
W = Z 6tCtCA + thd
t
where the complexity aversion costs at time t is:
CEt = we [me] + wy |24] + we |G- (45)

for positive coefficients w, and W' is the traditional welfare loss (43), with quadratic loses

i inflation and output.

But for small inflations and output gap, first order costs dwarf second-order costs. Hence,
the welfare is, to the leading order, only made of first order costs, >, B/CF4.
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The planner wants to minimize the loss >, 'L, where the loss at time ¢ is
Ly = K (Jme] + 0 |z) (46)

where the first order costs come from complexity aversion, and ¢ = 2= > 0 is the relative
weight on output gaps, and K = w,. Indeed, the weights on TFP (; is 0, as the planner

cannot change it.'

6.3.3 Optimal policy with complexity costs

We ask what is the optimal response to a cost-push shock, the v; # 0 in (42).

First, we start with the no-commitment case. The optimal policy is as follows.

Proposition 14. (Optimal response to a cost-push shocks, when the central bank cannot
commit to future policies) Then, the optimal policy adjusts the interest rate to enforce x; =0

(respectively, m, = 0) at all periods, if 9 > k (respectively, if ¥ < k).

In the central case is ¥ > k, the central bank accepts inflation, and ensure constant GDP,

by keeping the real rate equal to the natural rate of interest.'

In contrast, in the traditional model, with quadratic loss L, = K*'rad (7Tt2 + 19tradxf), the

trad

optimal policy entails m; = —ﬁﬁ x4, so after an inflationary cost push shocks (9 > 0), the

central bank raises the interest rate so that we have both a bit of inflation, and a bit of
recession. In contrast, with first order losses, the optimal policy affect “sparsely” the state
variables, e.g. targets to fully enforce a stable output gap.

We next consider the more complex case where the central bank can credibly commit to

a policy.

Proposition 15. (Optimal response to a cost-push shocks, when the central bank cannot
commit to future policies) In response to a positive cost-push shock vy > 0, the optimal
central bank policy under commitment is as follows.

When (1 — Mf) % > 1 (so that firms are not very forward looking), the optimal policy
entails zero output gap (r; = 0) at all dates, and some inflation (m; # 0). It is the same as

i the no-commitment policy.

141n a richer model, with endogenous growth, the planner might conceivable change and “stabilize” TFP
growth.

15This is the central case, in the limit of small time intervals. Indeed, using At for time period in years,
and using bars for the continuous-time values of parameters (using the New Keynesian model in continuous

time, as in Gabaix (2020), Section XI.A), the units of the continuous-time parameters are [5] = yr~! and

[£] = yr~2, so the discrete time version are ¥ = JAt and k = & (At)2. So, g = %ﬁ, which is large than 1 for

a small enough time interval At. When ¢ < &, the central bank “maximally” fights inflation, immediately
killing it, at the cost of a potentially high recession.
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When (1 — Mf) % < 1 (so that the firms are sufficiently forward looking), then the optimal
In(1-(1-m7)2) 1

In M

(soT =% —1 when M! = 1), we have zero output gap and some inflation (z, =0, 7 > 0).

policy has two phases. In phase 1, which last from time 0 to a time T =

In phase 2 (for t > T), we have zero inflation, and some output gap (m; =0, z, < 0).

The intuition is as follows. When firms are not very forward looking, the situation is as
in the no-commitment policy: focus entirely on setting the output gap to 0, letting inflation
run. This is very much in the spirit of the “sparse outcome” principle, Proposition 12.
However, when firms are enough forward looking, there is a more sophisticated twist: we do
the above-mentioned policy only in phase 1, up to some time 7. But after time 7', in phase
2, the central bank promises a bit of a recession in the future (after time 7'), which by using
“forward guidance”, helps lower inflation today; it then makes inflation entirely 0 (by the
“sparse outcome” principle). The time of accommodation via inflation, 7', is longer when
the agents are more myopic (M7 lower), and output gaps are more of a concern (higher 1),
and output gaps have a lower impact on inflation (lower k).

We also note that, even when firms are fully rational (M7 = 1), one does not want to
achieve price-level targeting. The price level does not go back to its initial level, unlike in
the basic NK model with quadratic losses. This shows again how price-level targeting is a
not a robust prediction of the NK model (cf (Gabaix (2020), Proposition 5), and in general,
it is not recommended by models that go beyond the simplest NK model.

7 Conclusion

We proposed a tractable theory of complexity aversion. It explains fairly easily a number of
“obvious” features of the real world (that contracts and prices are “simple”, e.g. not indexed)
——- obvious to common sense, but puzzling to the traditional model with no complexity costs.

Along the way, the model shed light on a number of issues of basic modelling. One,
cognition costs or information cost per se are not enough to generate complexity: one needs
to have a form of “complexity aversion” that is non-zero even when the agent pays no
cognition cost. Another, in our analysis of first vs second order complexity aversion, we saw
that first order complexity aversion is the robust way to generate simplicity, much more than
second order complexity aversion.

Many interesting issues seem now within reach. In particular, designing optimal mecha-
nisms, taking into account the complexity costs by consumers, seem particularly useful from
a practical point of view. Our analysis of simple tax systems for a taxation of goods is a

beginning, but clearly much more can be done.
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A Omitted proofs

Proof of Lemma 1 We have:
El(p(z) —c(@))a(@”)] =E[(b— 1)z (~¢bz”)] = (1 - b) bUE [22°] = (b~ b*) dogm
and as E [(p () — c(z))] = 0, the total producer surplus is:

E((p(z) = c(2)) (1 +a(2)] = (b—b*) bogm (47)
This implies:

W = Ve (m)+E[(p(z) —c(x)) (1 +a(z))]
e T Y S

b2
— (b - 5) Yoim — C% — C (m)

Proof of Proposition 2 Recall that with y = %@Z)ag, social welfare is:
W =11+ VO, I=2(b- bz) mx, vers — p2my — C (m)
where II is the average profit (47), and V™ is the consumer’s expected utility. Hence,
Wy = I, + Vo 4 (IL,,, + V) 1,
As the consumer optimizes m to maximize V" we have V.S = (), so
Wy =2(1=0b)mx +2(b—b*) mpx (48)

For all b € [0,1), as m; > 0, we have W}, > 0 ; and whenever m > 0, we have W, > 0. Hence,
b =1 is the social optimum.

We next study when we have some m > 0. We observe that the first order condition for
mis C' (m) = b?x.

If C"(0) < x, when b € [0,1] is such that b*xy > C’(0) we have m > 0, and b = 1 is a
strict global optimum.

If C"(0) < x, then naive consumers always give m = 0 (they “give up” on paying
attention), and any b € [0, 1] gives the same social surplus. But with a minuscule fraction of

rational consumers (as in Proposition 6) shifts the social optimum to b = 1, strictly.
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Proof of Proposition 3 Suppose now that we have endogenous attention. Then, as b = 0,
W =0, so
d

- Wi=o = vaim* — Eoaopsign (b) (1 - m")

so locally, %VV“,:O < 0 iff the same condition (25) holds. We note that a simple way to think
about this is that the allocative benefits are ~ bm, while CA costs are £b, so that around
b = 0, rigidity is better if £ is large enough.

The consumer’s attention is: max,, V" (m). It useful to define with
cons 1 272
V(m) =V (m) — §¢axb

where %waibz is the surplus with a rational agent. Hence, V (m) < 0 and it is easier to

reason with it. We have

V (m) = Vo () — ol = %wagb%n — £ou bl 02 (1 = m) — O (m) — L2
hence 1
V(im)=-B(1-m)-C(m), B:= 5?/10352 + 804 |bl 0w, (49)

which gives m* = argmax,, V (m). . By (47) social welfare is: W = V" (m)+(b — b*) Yo2m,
le.
2

W =V (m)+ (b - %) Yaim (50)

Suppose that C (1) > 102 and ¢ is large enough: Then, with endogenous attention, a
perfectly simple contract is optimal.

When b = 0, welfare W is 0. So, a sufficient condition is: for all b € (0, 1] (later we’ll say
“all b)), W <0, i.e.

2

b
—V (m*) > (b - 5) Yoim*
A sufficient condition for that is: for all b
—V (m*) > bipo;

ie.
1
min (EwaibQ + faabax) (1—m)+C (m) > bpo?
i.e. (after division by b), for all b,

C (m)
b

> o

T

1
min (§¢U§b + fcraax) (1—m)+
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A sufficient condition for that is that
€040, (1 —m)+ C (m) > o2, Vm € [0, 1]

ie. £ > & = max,, %

Proof of Proposition 4 If b = 0, social welfare is W (0) = 0. Now suppose that the
firm sets b = 1. Then, optimal attention allocation follows max,, Bm — C'(m) with B =
2102 + £0,0,. So, by our assumption, we have C’ (1) < 3102 < B, so consumer attention
is m = 1. Hence, welfare is W (1) = 3402 — C'(1). As C (1) < C'(1) by convexity, we have
C (1) < 302 and W (1) > 0 = W (0). Choosing b = 1 yields greater social welfare better
than b = 0.

Proof of Proposition 6 With a fraction ¢ of rational consumers, the welfare function has

now a term:

2
W:W0(1—5)+e%¢a§ (b—%)

where W9 is the social welfare with behavioral aversion, and %¢0§ (b - %) is the social
surplus linked to rational consumers.
With first order CA, we had (??). Now, this gives:

W <W (b) ==—(1—¢)min (kd' 7, d) +b.

So, the exact same reasoning as in the proof of Proof of Proposition 13 shows that, if £ is
large enough, W (b) < 0 for b > 0. So, b = 0 is preferable.
With second order CA, (51) implies that W% > —Eb? for a positive constant E. So, we
have
W >—(1—-¢)Eb +¢b

hence social surplus W is strictly positive for a small b. As a result, some b > 0 is preferable
to b= 0.

Proof of Proposition 7 We build on the proof of Proposition 5. We use the attention
function in (4). Let us analyze the incentive to go from b = 0 to a small b > 0. First, we have
X = 2a?b?, m = (£X) a~" — kba—2 for a positive constant k independent of b, and one can
show that the cost is: C'= (1 — a) m&x = O (b*) m, so that, using (23), in the neighborhood
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of b =0, we have

1 -1 -1
W= (b — 5172) votm + mésolh? — C (m) — E5vot?
= mb(D+o0(1)) — Eb?, where D, E are positive constants
W = kba'(D+o0(1)) — Eb (51)

Hence, if a € (%, 1) we have % —1 < 2,50 W(b) > 0 for b in a neighborhood of 0: locally
b =0 is worse than b > 0.

If a < %, then the reverse is true then, W (b) < 0 for small b’s, and b = 0 is a local
optimum. Omne can also show that, if £ is large enough, this is a global optimum, as in the

proof of Proposition 3.

Proof of Proposition 9.  Calling V" the utility of a fully rational consumer, utility is V'

where, calling £ = €040, (1 —m)

. _
V-V = —SE[@- )] ~TE|s| - C
= 5 (03— 2oy + B2 +E15]) —C

We see that V' is a concave function of . At the optimum, we have:

0= -2 =0y, — Boz — Esign (B)

If the optimal [ is non-zero, then must be positive, and § = af’;ff = ngfgaaggz(lfm). The

x

optimal (3 is 0 if 0y, — 0,0, (1 —m) < 0.

Proof of Proposition 10 Utility is:

Vo= _g (07 — 20, + F0%) — 75202 (1 —m) — C

so Vg # 0 at B = 0, hence some 3 # 0 is optimal.

Proof of Proposition 11 The complexity costs are, in general:

CA =&Y "B astiaaare,wi] (1 —m;) (52)

it

36



In our context, this gives:

In the limit r7 — 0,

o ol
coM e = 70(1)_7(1—771)/ e "t nctaxl dt
0 8:&
1— —rn ' 1
= ¢ (1—m)0$iZe — —h|dt
n>0 o |2
= ¢ '(1—m)o .Ze""”l
0 T 4
n>0
1,1
= _C(l) WZ§7<1 _m) Oz,
Next, the variance term is
V=1l )/Oo S AL
= —~¢ -m e "

2
By the same reasoning, we have [, (812}%) dh = [, (&~ h)2 dh = [—% (- h)g] =
1

12
In the end,

1 1
L= (e e gpmie?) (-

Proof of Proposition 12 This is very simple. Write L = Z?:l w; |bja + &, so

2

L, = Z w;b;sign (x;) .

=1

If none of the z; is 0, then L, = ). +w;b; is non-zero, as |wiby| > |wsbe|. Hence, one of
them is 0. Suppose that it’s xo that is 0. Then, L, = twib; + Sawqbe, where sy € [—1,1]

is the “generalized sign”. So, we must have L 0, as |wiby| > [sowsbs|. Hence, we have
M a ) )
_ |wabs
lwiby ]

x1 = 0. Indeed, we verify that L, = syw;b; & weby can be equal to 0, with |sq]
Proof of Proposition 14. At each period, the central bank does min;, L;, taking

future actions and variables as given. The central bank today takes its future actions as

given, and chooses x;, 7, 7; to minimize today’s loss subject to the behavioral IS equation
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and behavioral NK Phillips curve. This is equivalent to

max — (|| + 9 |zy) subject to m = ﬁMfIEﬂtH + Kxy + vy,

Tty Tt

and i, can be read off the IS equation (41). Hence, the Lagrangian is simply:
L=—(m|+9|m|) — E(BM By + Ky + v — )

The first order conditions are: L,, = 0 and L,, = 0, i.e. —dsign(x;) — kZ = 0 and
—sign (m;) + Z = 0. Hence,

Usign (z¢) + ksign () =0

So, we have x; = 0 if ¥ > k.

Proof of Proposition 15 The Lagrangian is
L=E Zﬂt [_ (Ime] + 0 2]) — = (5Mf7rt+1 + KXy — M + Vt)} )
t=0

where Z; are Lagrange multipliers. The first order conditions are: L,, = 0 and L,, = 0.
They give respectively —tdsign (z;) — kZ; = 0, i.e.:

_ v
B = —Eszgn (x¢) (53)

and
—szgn (7Tt) + Et — MfEt_11t>0 =0 (54)

The solution is as follows. For low t (t < T'), we have m; # 0 initially, so
E = M7E, 11450 + sign (m)

Assuming an initial shock cost-push shock vy > 0 (without loss of generality), this means

— (M)t

that =, = 1+ M/ + ~-~(Mf)t = %; when M7 = 1, this is Z, = t + 1. Take that
(M T+1

value of 7" such that % = % (we assume that this is not an integer integer). Then,

for t > T, we have m; = 0 and x; < 0, with =, = %sign (x¢). The specific value of z; (for

t > T') comes from the Philipps curve, z, = %, and so does the value of m, (for ¢ < T').
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B Theory complements

B.1 A microfoundation for the fact that competitive firms want

maximize social surplus

In the paper, we assume that the firm is “benevolent” — wants maximize social surplus.
We give here a specific microfoundation. It is quite traditional: as in Adam Smith and
Arrow-Debreu, competitive firms, by their actions, maximize social surplus (at least, when
consumers appreciate enough their expected utility). Still, for completeness, it is useful to
fill in the details.

There are at least 2 firms, and N consumers. On day ¢, the marginal costs is 1 + x4, the
same across firms (this is not essential). At time 0 (at the beginning of the year), each firm
f proposes a pricing scheme py (x;) = pr + by, (where is chooses the average price py and
the slope by) and also “membership fee” that the consumer has to pay, a lump-sum payment
F (this is not essential either, but makes the analysis more general, and simpler).!¢

At the beginning of the year, each consumer sees the menus offered by the firms, and
chooses which firm to sign up with—which firms to go to every day t = 1,...,7T in that
year. For instance, the consumer chooses which bakery to go to every day, in a way that
maximizes her utility over the year. Formally, the firm gets an exclusive contract within the
year (but has committed to the pricing scheme above).!”

The consumer is fully conscious her expected utility, including and cognition and com-
plexity aversion costs.!® She chooses a firm f that maximizes his expected utility surplus,
from this pricing scheme, i.e.

Vy = —Fp+ TV (55)

The first part if the lump-sum payment. The second part is the expected utility of the

consumer, net, of the cost. The consumption is chosen as in the main body of the paper, as

1+ ay(2°) = argmax; , U (1 +a) — py (°) (1 4+ a), based on the perceived price ps (z°).
The firm’s profit is

[y = Ny (Fy + TE[(py () — ¢ (2)) (1 + ay (¢%))])

16We assume that the firm can commit to the scheme. This is obviously easy to do when the outcome is
a constant price py.

"This is important, to prevent arbitrage: otherwise, take the case the outcome is a constant price equal
to 1. Then, on a day with a negative x;, a deviating firm could undercut its competitors (which offer a
price of 1), by offering a price of 1+ %xt < 1, explain to consumers that they save money by coming to this
deviating firm, and make a profit.

18This is where we deviate from the literature on shrouded attributes and firms exploiting naive consumers
(see footnote 6): in that benchmark, the consumer is not conscious of all the future elements of the situations,
for instance does not take into account “surprise” fees.
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where Ny is the number of consumers choosing the firms, and the last term is the average
profit per consumer.
The timing is: each firm f propose simultaneously (Fy, Dy, br), to maximize its expected

profit II¢; then the each consumer decides which firms to choose. Firms play Nash.

Lemma 3. In the competition game above, the only Nash equilibrium is: py = 1, Fy = 0,

and by as in the paper, maximizing total welfare. Firms’ profits are zero.

Proof. The reasoning is completely conventional. Because we allow for fixed payments
Fy, firms have zero profits, and offer the maximum consumer’s surplus given zero profits
— hence, they maximize total social surplus. Given that, the average price right should be
the average marginal cost, so py = 1. [XX details to be filled in] Then, the derivation of
the optimal by is the one that maximizes social surplus (which is the consumer’s utility, as

equilibrium profits are zero) as in the main body of this paper. [

B.2 A simple case: modeling cognition as a fixed cost

We mention with the analytically simplest case, where there is a fixed cost of cognition, paid
if and only if m > 0: C'(m) = Cl,so. In general, we don’t recommend it, as most people
don’t display zero or full understanding (which is what the fixed cost generates), but rather

some intermediate degree of understanding.

Proposition 16. (Optimal price simplicity, with a fixed cost of cognition) Consider the
problem of Section 3, assuming now that the consumer has a fixed cost of cognition case, the
optimum is: (i) if C > %wai, the price is fired (b= 0), and the consumer pays no cognition
nor dread costs; (ii) if C' < %wai, the price is equal to marginal cost (b= 1), and attention

is full; the consumer pays positive cognition cost (and no dread cost).

Hence, one is more likely to get a simple price system if cognition costs are large, compared
to the allocative benefits of flexibility, %wai, which are higher when the elasticity of demand
is higher (for instance, when competition is higher), and when marginal costs are more

volatile.

Proof. The choice is between zero attention (m = 0), which leads to:

W (m = 0.5) =~

and full attention (m = 1):



Note that if m = 0, it is optimal to have b = 0, i.e. fixed prices. This way, the consumer
experiences no dread: if we have m = 0 and b > 0, we get positive dread, and no allocative
efficiency (as m = 0, so the consumer doesn’t process the price). If there is full attention
(m = 1), the optimum is b = 1, i.e. price equal marginal cost. At the optimum, the utilities
are W (m=0,b=0)=0and W (m=1,b=1) = 1¢o2 - C. O
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