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1 Introduction

Taxpayers face complex tax systems, which many struggle to understand while others
strive to exploit. Survey and experimental evidence suggests pervasive misperceptions.
A quarter of individuals do not know whether people with higher incomes owe a larger
share of their earnings in income taxes, and more than 10 percent believe everyone owes
the same share (NPR/Kaiser/Kennedy School, 2003). Taxpayers even misunderstand as-
pects of the tax system that affect their own choices: Experiments show that many taxpay-
ers use the more easily calculated average tax rate as their marginal tax rate (Rees-Jones
and Taubinsky, 2020), and that complex tax rules cause people to misunderstand the em-
bedded incentives (Abeler and Jager 2015).! Some people fail to take up the Earned In-
come Tax Credit (EITC) when they are eligible (Currie 2008, Bhargava and Manoli 2015);
and consumers under-react to commodity taxes when they are not included in posted
prices (Chetty, Looney, and Kroft, 2009).?

Such misperceptions about taxes are not fixed. A store can post prominent tax alerts
on their shelves. The federal government could mount a taxpayer education program
that informs likely qualifiers about the EITC, or patiently walks those wanting to be in-
formed through the difference between an average tax rate and a marginal tax rate. Even
without help, Morrison and Taubinsky (2019) show that consumers can and do use costly
mental effort to increase the accuracy of their assessment of a tax-inclusive price when the
stakes increase. Similarly, taxpayers could choose to acquire information from the internet
(Hoopes et al. 2017) or purchase information from tax professionals.

These observations apply equally to taxpayers who seek to learn about the “dark arts”
of evasion and abusive avoidance. Clearly, some people learn about the tax system to
tind ways around it: The IRS (2019) estimates the annual gross federal tax gap in tax
years 2011-13 at $441 billion, or about 16.4% of what should have been remitted.> And
the extent of evasion is mutable in the same way as the knowledge individuals need to
make fully compliant decisions. For example, the tax planning industry sells information
about tax-reducing strategies that span legal and illegal activities.* Government policy

IConfusion of average and marginal tax rates was dubbed “ironing” by Liebman and Zeckhauser (2004).
See also experimental work by de Bartolme (1995).

2Chetty, Friedman, and Saez (2013) also present evidence that a lack of knowledge reduces the amount of
bunching that is observed around kink points in EITC schedules. Bastani and Waldenstrom (2021) show that
taking advantage of subtle tax incentives is strongly associated with cognitive skill, which further suggests
that these differences in behavior are due to misperceptions.

3Recent evidence suggests that evasion among the rich may be much higher than is uncovered by the
methods used in the IRS tax gap studies (Guyton et al. 2021).

“Knowledge may also spread between taxpayers. Battaglini et al. (2020) show that information is trans-
mitted between clients served by the same tax professional. The results of Boning, Guyton, Hodge and



also affects taxpayers’ perceptions of the enforcement environment: Evasion is affected
by a wide range of tax enforcement policies, ranging from the volume and targeting of
audits to the penalties invoked for discovered evasion.” The fact that the IRS publicizes
successful enforcement initiatives in the weeks before April 15 (Blank and Levin 2010)
suggests that they want to make such enforcement more salient.®

Building on the similarity between knowledge about legitimate and illegitimate activ-
ities, we provide a unified normative analysis of the entire tax system. This includes the
optimal amount of taxpayer knowledge, redistribution and how tax rates should be set rel-
ative to each other. The analysis is independent of whether income is earned legitimately
or, alternatively, by avoiding or evading taxes. Regardless of the type of knowledge in
question, the government strikes a balance between helping taxpayers optimize more ef-
fectively, and raising revenue. Optimal government policies are always characterized by
the same set of aggregate sufficient statistics. In this sense, the analysis of government
policy toward these two aspects of taxpayer knowledge is isomorphic.

To gain insight into these issues, we abandon the idea that all individuals choose how
much of a pre-determined set of tax parameters to absorb and, therefore, react to. In
its place is a formal and very general depiction of the reality that characterizes all modern
tax systems—that there is a vast assortment of both intended tax rules and tax-minimizing
devices that savvy, willing taxpayers can take advantage of. In addition to the many legit-
imate ways in which individuals might respond as they learn more, they may also engage
in all kinds of tax-reducing strategies. These could range from the relatively straight-
forward, such as deducting the costs of a home office, to the more complicated such as
evasion using offshore accounts (see Alstadseeter, Johannesen, and Zucman 2019).

In our model, every individual has some perception of a potentially complex tax sys-
tem. This includes the relevant income tax rate schedule, as well as such matters as the
deductions and credits for which one qualifies, the tax benefits of reclassifying potential
business expenses, and the expertise required to set up offshore tax avoidance or evasion
schemes. The totality of these decisions determine both her income and her tax burden.
However, the taxpayer fails to fully optimize because she is not completely aware of the
tax implications of these activities.

We start by taking the tax schedule as given and asking whether the government
should educate taxpayers, partially correcting their misperceptions. This choice boils

Slemrod (2020) suggest information transmission between firms who receive enforcement letters.
5Closing inconsistencies that facilitate “tax arbitrage” (Bradford 1980) reduces the extent of legal tax
avoidance. Keen and Slemrod (2017) characterize optimal enforcement policy with these types of tools.
%Given the objectively low rate of audit coverage, it might be that moving people’s perceptions away
from the truth would decrease evasion and its attendant social costs. This is true in our model as well.



down to a trade-off between two forces. First, there is an internality: A better under-
standing of the tax system may allow a taxpayer to optimize more effectively—although
we also highlight that learning can be counter-productive for the taxpayer in some cases.
Second, any change in the taxpayer’s income leads to a fiscal externality. If, for example,
she works more, she ignores the fact that government revenue increases. If she evades
more, she ignores the resulting decline in government revenue.

Assuming that a better understanding of the tax system is directly beneficial to the
taxpayer being educated, it is also socially beneficial if society places a large enough wel-
fare weight on that taxpayer. For such a taxpayer, the internality correction dominates
concerns about government revenue. This insight applies equally to legitimate and ille-
gitimate activities, which implies that it can even be beneficial to provide—or at least not
endeavor to obscure—information about activities that low-income individuals might use
to avoid or evade taxes. At the opposite extreme, if the taxpayer’s welfare weight is very
low, the fiscal externality dominates: Education is beneficial if and only if it increases gov-
ernment revenue. Away from these extremes, our sufficient statistics formulas show how
to optimally balance the internality and fiscal externality.

These lessons change if the government is able to fine-tune taxpayers’ perceptions of
the tax system, while also adjusting the tax system itself. In that case, the government
optimally creates the impression that all activities are treated equally by the tax system as
long as different choices about how to earn a given level of income do not directly reveal
anything about an individual’s intrinsic type. This is true regardless of an individual’s
social welfare weight, and is independent of how the true tax system treats different ways
of earning income. The intuition is that every taxpayer’s effort is allocated most efficiently
if perceptions are harmonized in this way, while a non-linear tax on overall income suffices
to achieve any redistributive aims of the government.

Our optimal tax results mirror these lessons. The optimal amount of overall redistri-
bution is pinned down by a condition similar to Mirrlees (1971), except that the planner
balances redistribution with the social costs of the internality. If types with low incomes
have high marginal social welfare weights, the planner aims to reduce the internality for
such taxpayers by minimizing the gap between perceived and actual tax rates. For types
with high incomes, whose welfare weights are lower, the internality is less important. If
welfare weights converge to zero at very high incomes, top tax rates are set to maximize
revenue, just as in standard optimal taxation problems with perfect knowledge of the tax
system. We also provide concrete guidance on how marginal tax rates should be set on
different activities, again balancing the internality and fiscal externality.

In all of these components of our analysis, we demonstrate that substantial progress



can be made using expressions involving just a few aggregate sufficient statistics: average
perceived and actual marginal tax rates, the overall response of income, and the marginal
social welfare weights of the affected taxpayers. The same sufficient statistics formulas
continue to apply in other versions of the model, for example with endogenous knowl-
edge acquisition by taxpayers. Thus, to evaluate policies implemented in the past, there is
no need for information about how misperceptions vary across the many activities that af-
fect a taxpayer’s income. However, we note that these sufficient statistics may vary across
policies and settings in ways that may be difficult to anticipate in advance.

Prior literature on optimal taxation with behavioral biases contains some discussion of
policies that alter taxpayer misperceptions.” In Goldin (2015), the government chooses be-
tween high- and low-salience taxes on a particular good, trading off the lower excess bur-
den of low-salience taxes against the optimization errors that reduce welfare because mis-
perceiving consumers misallocate spending among consumption goods. Taubinsky and
Rees-Jones (2018) address the welfare effects of changing the distribution of tax salience,
while Rees-Jones and Taubinsky (2020) examine the welfare effects of increasing the frac-
tion of taxpayers who use the ironing heuristic. Farhi and Gabaix (2020) develop a gen-
eral model that addresses optimal taxation and optimal nudging, while Gerritsen (2016b)
generalizes and delves deeper into the problem of optimal income taxation specifically.?
Compared to these two other papers, we focus more on misperceptions of the tax system.
However, a major advantage of our approach is that only a small set of simpler aggregate
sufficient statistics are required for policy analysis, even if individuals have complex mis-
perceptions about many aspects of the tax system. Moore and Slemrod (2021) characterize
optimal bias alteration policies. Kaplow (1998) studies the costs and benefits of having a
more complex tax system (which is harder for taxpayers to understand), and individuals’
incentives to learn about that tax system to comply with it.

In this literature, investments in knowledge about the tax system are directed at learn-
ing the truth, which informs the decisions of fully compliant and, implicitly, unaggressive
taxpayers. But, while some taxpayers struggle to understand the tax system, others profit
from tax complexity. We show that rigorously addressing the similarity between these two

’Several studies show that information about other government programs changes behavior. An in-
formation letter documenting the kinked nature of the Norwegian disability insurance system altered be-
havioral responses and increased the earnings elasticity (Kostel and Myhre, 2021). A brochure and web
tutorial on key Social Security features increased the labor force participation of older workers (Liebman
and Luttmer 2015). Bhargava and Manoli (2015) show that take-up of the EITC is sensitive to the frequency,
salience, and simplicity with which information is provided to potentially eligible individuals.

8There is also a literature on optimal policy with behavioral agents in other contexts. For example, several
studies consider optimal paternalistic savings policies, such as default or mandatory retirement contribution
plans (Bernheim, Fradkin, and Popov 2015; Goldin and Reck 2021; Fadlon and Laibson 2017). Lockwood
(2020) and Moser and Olea de Souza e Silva (2019) look at optimal policy if people have present bias.



aspects of taxpayer knowledge yields important new insights regarding the optimal struc-
ture of tax systems—both tax rate schedules and the extent and distribution of knowledge.
The fact that this has not been considered before is surprising given the intense policy at-
tention focused on the increasing inequality of income and wealth and the prevalence of
tax evasion among the rich. For many members of this group, the issue is not to what
extent they understand the tax system as it was intended, but rather to what extent they
can learn to manipulate it to their advantage via unintended use of legal transactions or
ex ante attractive gambles on illegal behavior in the form of evasion.

We view our unification of these strands of inquiry and our observations about the
parallels between salience and manipulation as extending the insights of the literature
on the elasticity of taxable income that was developed by Feldstein (1999), in which the
“anatomy” of behavioral response is irrelevant for the welfare analysis of tax rate changes.
Building on this literature, Keen and Slemrod (2017) unify the optimal tax systems anal-
ysis of tax rate and tax enforcement choices. Our analysis encompasses both of these
insights. From there, we extend that unification with the observation that taxpayers may
be more or less aware of opportunities that push the boundaries of legitimacy, just as they
may be more or less aware of the rules of the tax system as they were intended. Once
we see this, there is no bright line between having imperfect knowledge of manipulation
opportunities, and imperfect knowledge of other aspects of the tax system.

2 An Individual’s Perception of the Tax System

Consider a unit mass Z of individuals. Individual i € Z has type #'. She makes a vector

of decisions, z* = [le, wh, ... 2. JJ C ]lej| where |J| is the cardinality of the set of

decisions, J. Decisions could include such choices as labor supply, the extent to which she

re-characterizes ordinary income as capital gains, and tax evasion. A function y(z') maps
dy(z")

her decisions to her income, y € [0, y]. For simplicity, we assume that y; = oz, 2 0, and

that y and :v; are defined on closed intervals.” Of her income, the individual consumes
c =y(x') - T(x') where T € T C C (]R'f', ]R) is a non-linear tax system.!? Her disutility
from choosing «" is x* («" | §), which is twice continuously differentiable.

We also assume for simplicity that utility is quasilinear in consumption.!! Relaxing this

9The assumption that y increases with :vz is not important here, as xz can always be defined so that this
is true. However, the assumption simplifies our discussion of optimal knowledge provision, and becomes
more important for the analysis of optimal taxation in Section 5.
19We use C (A, B) to denote the space of continuous functions mapping from A to B. In some parts of the
paper, we restrict T (z) to be twice continuously differentiable.
'We focus here on how taxpayers earn their incomes rather than on which goods they consume. How-
ever, we note that it is straightforward to incorporate multiple consumption goods with differentiated com-



assumption has little impact on the results regarding knowledge provision except that an
individual’s decision then depends on their perceptions of their overall tax burden as well
as their marginal tax rate.!? However, it is a more substantive restriction when it comes to
the analysis of optimal taxation in Section 5, so we relax it there.

Bringing everything together, the true “normative” utility of individual ¢ is given by
equation 1, and is a function of the true tax system, 7. It is also a function of her type, 6.

U'=c —x'(z' | 0") = y(a') — T(x") — x(=' | 6") (1)

The individual knows her type and the income-generating function, y(z'). However, her
perception of her tax liability may differ from the truth. She perceives a tax burden of
T(x' | k,T) which depends on the true tax system and the state of her knowledge, k.13
Her “decision” utility is thus given by equation 2.

U'=y(a')—T(z' | k,T)—x(="| 0" 2)

Note that the disutility function, X(wi | Qi), varies with an individual’s type, which may
capture characteristics such as cognitive ability.

We assume that T(z’ | k,T) and T'(x") are twice continuously differentiable with re-
spect to ', and that T'(x" | k,T) is continuously differentiable with respect to k. Taking
the derivative of equation 2 yields a first order condition for decision z;:

yi(a') = Tj(@' | k,T) = x;(=' | 0) Vje T 3

where y} and y;(a' | 6') are the partial derivatives y(z') and x(z | 6") with respect to ¥,
respectively, and T;(x' | k, T) is the derivative of T'(z | k,T') with respect to x;

We make the following assumption throughout the paper, which is standard in the
optimal taxation literature and greatly simplifies the analysis of both optimal taxation

and taxpayer education.

Assumption 1. The first order conditions (equation 3) jointly characterize a unique optimal choice
of ' for all but a finite set of individuals.

modity taxes. In this case as well, optimal policy can be described using aggregate sufficient statistics:
average perceived and actual commodity tax rates, changes in overall expenditure, and welfare weights.

12The same sufficient statistics apply for optimal knowledge policy with a general utility function. How-
ever, the marginal value of public funds differs from one in that case because it must take into account the
fiscal externality and potential internalities from a universal lump sum transfer. In turn, this affects the
interpretation of the marginal social welfare weight, 1.

BWe will assume for now that this individual has no direct control over her level of knowledge, but we
consider below the case in which she does.



We discuss sufficient conditions for Assumption 1 in Appendix A.1. The key requirement
is that any interior decision-utility-maximizing choice is unique, which ensures that tax-
payers respond smoothly to marginal changes in knowledge.!* We note that corner solu-
tions are not a problem for our results, as it does not matter for any of the welfare analysis
whether the first order condition for x; holds if x; does not change with knowledge. !
This set of first order conditions captures many possibilities. As an arbitrary example,
let 1 be labor income. The remaining decisions could involve all kinds of deductions,
tax avoidance and evasion schemes, incorporation of enterprises and so on.!® Chang-
ing any of these other decisions can change both actual and perceived effective marginal
tax rate on labor income. For example, the effective marginal tax rate on labor income
may be lower if an individual can shelter a larger share of her income from taxation. In
turn, a taxpayer’s ability to shelter income depends on policy choices. If the government
systematically pursues non-compliant high-income taxpayers more or less than they do
low-income taxpayers, this changes the payoffs to avoidance and evasion schemes at dif-
ferent levels of income. Alternatively, they might exert particular effort to audit claimants
of the EITC, as some evidence suggests is true in the United States (IRS 2021, Table 17).
In this framework, there is no conceptual difference between a taxpayer learning about
the marginal tax rates that apply to legitimate income sources and a taxpayer learning
about the benefits and risks of avoidance or evasion opportunities. Indeed, it will become
clear as the analysis proceeds that tax salience and tax manipulation are inextricably re-
lated, and in some dimensions isomorphic. As taxpayers become more knowledgeable
about the parameters of the tax system, they find opportunities to engage in behavior that
leads to a private gain in welfare. This could be a shift in labor supply toward the level
that is optimal given their true marginal tax rate. But it could also be taking advantage
of a new deduction, incorporating a business, or shifting assets to a financial institution
in the Cayman Islands. Although there is a private gain to all these types of knowledge,
they also each have distinct implications for government revenue. To the extent that gov-
ernment revenue falls, learning is socially costly. If revenue increases (e.g., if individuals
realize that their marginal tax rate is lower than they previously believed, or the audit
probability higher that they had thought), there is an associated social benefit.

M This is generically true, as any given individual having multiple utility-maximizing choices is a knife-
edge case. However, it is important to note that adjustments would be needed if there were discrete changes
in decisions among more than a finite set of individuals.

151t is straightforward to rule out corner solutions with assumptions on the tax schedule and utility.

16We treat all decisions as continuous, but some choices are discrete in reality. The analysis can be ex-
tended to formally incorporate discrete changes, but this adds little conceptual insight.



2.1 Defining Tax Rates

There are many tax rate concepts of interest in this model. First, we define the marginal
tax rate on z; as the share of any increase in income due to an increase in z; that is taxed

t.17

away by the government.”” The perceived marginal tax rate is defined similarly.

MTR} = T;(z") /y; (') MTR; = Tj(a' | k, T)/y;(a) 4)

Note that, in general, MTR;'» varies with decisions other than z;. For example, the effective
tax treatment of labor income would vary depending on actions that an individual takes
to shelter part of her income. Even at the same level of income, MTR;- could vary across
individuals who earn that income in different ways.

In addition to the tax rates on individual decisions, each individual’s actual and per-
ceived average marginal tax rate will play a particularly important role in the analysis. We
define these as the share of the overall increase in income that is taxed away by the govern-
ment when an individual responds to some small policy change of size » — which may

be a change to the tax schedule or the provision of knowledge.

o dxt N i gl
‘ YN MTRYy; 52 i v MTR;y; oL
MTR' () = == 22 MIR' (5) = === 5)
BT Yt Vi

These average marginal tax rates are convenient sufficient statistics that simply answer the
question of how much tax an individual pays (or perceives that they will pay) per dollar
that his or her income increases with re-optimization. Mathematically, they are weighted
averages of the marginal tax rates on each of the individual decisions that change when
n changes, with the weight on MTR;- corresponding to the share of the overall income

increase that comes from xj.

3 Optimal Taxpayer Education

If individuals lack knowledge about the tax system or misperceive it, one policy approach
is to educate them. We suppose that the government can provide information to taxpay-
ers, which we capture as an increase in the stock of knowledge, k. This encompasses many
possibilities. The government could produce or otherwise provide tax preparation soft-

ware for free; professional tax advice could be taxed or subsidized; or information could

7The special case of pure evasion involves a change in an individual’s tax burden without any change
in their true before-tax income. MTR? is ill-defined in that case because it approaches negative infinity.
However, the welfare gains and other IZey expressions below remain well-defined.



be communicated explicitly as part of an information campaign.!® These policies could
be universal or targeted at particular groups of taxpayers. For example, an education
campaign about the EITC would largely affect low-income families.
In providing information to taxpayers, the government chooses a level of knowledge
k from a feasible range, K = [k, k]. For now, we assume that the government directly
chooses how much knowledge to provide, but in Section 4 we consider the alternative
case in which individuals make their own costly investments to acquire knowledge.
Choosing a level of knowledge k comes at a social cost of C'(k), which we assume to be
differentiable. This captures many possibilities. One is that a higher level of knowledge
is always more costly to sustain. Alternatively, there may be costs to adjusting knowl-
edge away from the status quo if information is required to change perceptions. Finally,
there may be asymmetric costs that are incurred specifically if the government misleads
taxpayers by reducing £.!” In fact, if more knowledge is viewed has having a direct civic
benefit, the social marginal cost of knowledge provision could even be negative instead
of positive. We adopt a welfarist perspective throughout our discussion, but this type of
asymmetry could easily incorporate a direct moral objection to government deception.
The government chooses the level of knowledge to maximize social welfare, YW, which
is an average across individuals of their normative utilities after they have been trans-
formed by a social welfare function, V. This social welfare function is increasing and
concave. Fixing marginal tax rates for now, we begin by studying optimal taxpayer ed-
ucation. This is one part of the overall problem, which is to maximize social welfare by
choosing both a level of knowledge and the tax system.
L WRT) = [W (y(e') = T(a) = x(a' | 0) di ©
It does this subject to the constraint that it must raise enough revenue to cover taxpayer
education costs, plus a fixed quantity of exogenous government expenditure, denoted G.
/T(a:i)dz' —C(k) =G @)
i
A welfarist perspective is embedded here in two ways. First, we do not discount the
utility of individuals who evade their tax liability, although this could easily be accom-
modated and we discuss that possibility below. Second, we assume that maximization

18In addition to education policies, increasing & in our framework could act as a proxy for tax simplifica-
tion, which may both reduce honest mistakes and increase the potential for evasion (Aghion et al. 2022).

9This could capture a deontological cost of deception, or political economy concerns such as endogenous
mistrust of the government. Alternatively, Boccanfuso and Ferey (2021) argue that misleading taxpayers
could reduce equilibrium welfare if taxpayers are inattentive but center their beliefs on the true tax system.
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of decision rather than normative utility is a mistake due to limited knowledge, and that
only normative utility is therefore of direct welfare relevance.

In our welfarist framework, a negative social benefit of knowledge implies that it may
be optimal to deliberately mislead taxpayers by obfuscating the tax system or making it
harder to find information. We stress, however, that the government’s cost of knowledge
provision can easily incorporate an asymmetric aversion to this type of deception as part
of C'(k). Alternatively, our analysis can be viewed as providing guidance on how a gov-
ernment should allocate a finite budget to target different types of taxpayers and decisions
with education campaigns or other strategies to correct misperceptions.

None of our results regarding taxpayer education relies on the tax schedule being set
optimally. In fact, one practical advantage of our approach is that the government need
not even be aware of the true tax system in the broad sense that includes all of its loop-
holes and evasion techniques. As we discuss below, policy analysis requires only that the
average actual and perceived tax rates on overall income are known. However, we do
study optimal taxation in Section 5, as well as policies that simultaneously change the tax
system and alter taxpayers’ perceptions of it (Section 3.10).

3.1 Behavioral Responses to Education

We assume that, when knowledge is provided (k is increased), the marginal tax rate that
individual 7 perceives on decision z; moves weakly closer to the true marginal tax rate, all
else equal. Mathematically, 97} /9k < 0 if and only if T; > T}, and 0T;/9k > 0 if and only
if T] < Tj. The same is true in expectation in an explicit model of belief formation (which
we study in Section 4), but our approach with a single deterministic perception simplifies
the analysis and exposition while preserving the economic intuition.

In response to the receipt of knowledge, taxpayers change their decisions. Specifically,
differentiating ¢’s first order conditions with respect to each xé yields the Hessian ma-
trix of U7, H' (z'). We assume that H’ (x') is invertible and that z’ is the unique utility
maximizing choice (Assumption 1).2° The implicit function theorem then applies, and the

change in i’s decision vector ' can be written as:
do' = H (2') " x dT ®)

where dT" is a vector of direct impacts on the marginal tax rate on each decision when
knowledge is increased (i.e., 8@ / 0k x dk).

OInvertibility ensures H' (x?) is negative definite, which slightly strengthens Assumption 1 so that the
implicit function theorem applies. This is similar to the usual assumption in the optimal taxation literature
that the second order condition holds strictly (Saez 2001). We discuss this further in Appendix A.1.
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3.2 The Internality from Education

There are two first order impacts of knowledge provision in addition to the mechanical
cost of providing it, C’(k). The first is that knowledge helps individuals re-optimize,
moving closer (at least in simple cases) to the choice of #' that maximizes their normative
utility. This manifests as an internality: When x; changes, there is an impact on ’s nor-
mative utility which 7 does not anticipate. This impact is proportional to the gap between
the perceived and true marginal tax rates on a;;, as that is the wedge between the marginal
benefit and cost of engaging in that activity.?!

Aggregating across the various decisions, the overall impact on social welfare of indi-

vidual i’s re-optimization in response to increasing knowledge slightly is:

, i : drt
Internality (IN;) = ¢’ Z {MTRJ- — MTR;-} yj(:cz)d—k] 9)
JET

where ¢ = W/ (U")/\ is the taxpayer’s marginal social welfare weight relative to the
value of a government dollar (A). We assume that A equals one for the purpose of our
examples throughout the paper, which implies that the average welfare weight is one.??
Although ¢ is endogenously determined as normative utilities change, it could equiva-
lently be treated as fixed for marginal policy changes. However, the distinction between
fixed and endogenous weights does matter for larger policy changes. We also note that ¢
could incorporate broader, non-welfarist, moral principles.??

Because we assume that education weakly narrows the gap between the perceived and
true marginal tax rates for each decision, one might be tempted to assume that more in-
formation is always beneficial. This need not be the case, however, because information
that improves decision-making on one dimension may exacerbate distortions on a differ-
ent dimension. For example, consider an individual who discovers a new way to shelter
a fraction of her labor income. In response, she will shelter more of her income and be
directly better off. However, she may also work and earn more: If she also underestimates
her labor income tax rate, this would itself harm her welfare. On net, she may therefore

be worse off or better off.

210thers have more generally observed that internalities imply gaps between the marginal benefits and
costs of engaging in various behaviors (see e.g., Mullainathan, Schwartzstein, and Congdon, 2012). We
build on this general insight below by showing how optimal policy can be characterized more simply than
otherwise when the internality involves (even very complex) misperceptions of the tax system.

22This is true as long as a universal transfer does not cause individuals to re-assess their marginal tax
rates. Otherwise, A and the average welfare weight would differ from one.

23 As Stantcheva (2021) documents, peoples’ judgments about policies that involve trade-offs between
the welare of different individuals often involve non-welfarist reasoning. The welfare weights here could
accommodate a very broader set of such values (Saez and Stantcheva 2016).
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Nonetheless, there are several benchmark cases in which knowledge is always benefi-
cial to its recipient. Proposition 1 provides three of these cases. Proofs of this and other

technical statements are available in Appendix B.

Proposition 1. An increase in k never lowers normative utility if: (i) ' is a scalar; (ii) utility is

separable in each decision; or (iii) if ]\//Eﬁ{; — MTR; is independent of j for any value of k.

The first of the three conditions is straightforward: If there is only one distortion, re-
ducing it is beneficial.** The second condition follows directly from the same logic because
education reduces the distortion on each decision margin, and those decisions do not in-
teract. The third condition is more subtle, but holds because it ensures that distortions are
equally sized and that knowledge proportionally reduces all of them. Outside of these
three benchmarks, the aggregate sufficient statistics below could be used to test whether
information benefits or harms those who receive it.

As an aside, note that Proposition 1 presumes that individuals trust the information
they receive when the government educates them. This underlies our assumption through-
out the paper that the direct effect of knowledge is to weakly reduce the gap between per-
ceived and actual marginal tax rates on each decision. A deviation from this assumption—
which may be plausible if the government has misled them in the past—would provide

another reason why knowledge could be privately harmful to its recipient.

3.3 The Fiscal Externality from Education

Taxpayer education also generates a fiscal externality, which arises because individuals
ignore the impact of their decisions on government revenue. On each decision margin,
the fiscal cost or benefit from i’s re-optimization is proportional to the marginal tax rate

on that decision. ;

Fiscal Externality (FE;)) = ) MTRjyj(mi)d—]j (10)

JET
For example, suppose that an individual works more when informed that the marginal
tax rate on labor income is lower than they thought. Not only does this lead to an impact
on normative utility for that individual (the internality), but it also raises government
revenue. By contrast, informing a taxpayer about an evasion opportunity likely leads to a

privately beneficial increase in evasion but a socially costly reduction in revenue.

241f 1\71ﬁzj > MTR;, education narrows the gap by lowering l\mj and m; increases. If 1\//["\FTQ]~ < MTR;,

then ﬁzj rises and x; falls. Either way, the resulting internality is positive.
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3.4 The Net Benefit of Education

Measured in government dollars, the total effect on social welfare when individual 7 re-
sponds to an increase in knowledge is the sum of the fiscal externality and the internality.

da’

AW; = ¥ MTR;y; I MTR; — MTR; | y; (z')—-2 11
LA Z ]y]< )dk’ ‘|‘¢ Z J J y](w)dk ( )
& s )
Fiscal E;(;ernality Intel?r:ality

Equation 11 is similar to a result derived by Rees-Jones and Taubinsky (2016). In this
setting, however, it is more complex: Directly using it to assess the welfare impact of
knowledge would require us to know both the response of each activity and mispercep-
tions of the return to it. This would be a formidable challenge, if only because decisions
such as tax avoidance or evasion may not be directly observable. In fact, the government
may not even know all of the details of how individuals avoid taxation of their incomes.

Equation 11 can, however, be rewritten so as to involve only aggregate sufficient statis-
tics. The overall gain in welfare is a weighted average of the actual and perceived fiscal

externalities that occur with re-optimization:

-y’ idy’
= (1 =t iy i
AW; ( Y YMTR ik + w MTR “2 ik (12)
Actual Fiscal Percelved Fiscal
Externality Externality

where dy' / dk is the overall response of i’s income, and MTR' and MTR  are the actual and
perceived average tax rates on income earned by i at the margin.

Equation 12 shows that just four objects are sufficient to assess whether greater knowl-
edge is beneficial, aside from the direct cost of its provision: the overall response of in-
come; the actual and perceived average marginal tax rates; and the social welfare weight
placed on the recipient of knowledge.” Importantly, there is no need to know how per-
ceived marginal tax rates differ across different activities, or even the composition of a
taxpayer’s income response. The government does not even need to know precisely how
individuals manage to avoid or evade taxation. This is a substantial and potentially valu-
able simplification. The main caveat is that MTR’ and MTR  are specific to a particular
knowledge policy, as the composition of the behavioral response may vary across reforms
(and types of taxpayers). For this reason, it would not be straightforward to forecast the
values of these sufficient statistics ex ante for an untested policy, although it would be
easier to measure them ex post for a reform when it is implemented.

If the social welfare weight of the taxpayer being educated is low enough at the mar-

ZThis may be a subjective evaluation, or based on objective trade-offs as suggested by Hendren (2019).
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gin, then the benefit of knowledge reduces to the fiscal externality. The government would
want to educate such taxpayers if and only if doing so causes their decisions to change
such that their overall tax burden increases by enough to offset any direct cost of educat-
ing them. It would never do so if it created a net drain on government funds. Indeed,
the government may even have an incentive to mislead taxpayers into thinking that audit
probabilities are higher, and labor income tax rates lower, than in reality. Two reasons
stand out for why welfare weights might be very low for some recipients. First, 1 might
be low for a taxpayers with very high incomes. Alternatively, society might steeply dis-
count the marginal social welfare of an individual who evades taxes—or at least discount
the benefits that accrue to such a taxpayer from their illegitimate activities.

As we consider taxpayers with higher welfare weight, the perceived fiscal externality
increases in importance until it reaches another important benchmark: when ¢* = 1. Any
benefit or cost to the affected taxpayer is then valued on par with a government dollar. In
this case, only overall efficiency matters, which—as equation 12 highlights—is a matter of
perceptions. This highlights an important point that we build on below: an individual’s
decisions are not distorted by actual taxation but rather by perceived taxation. By contrast,
true redistribution occurs via the actual tax system. Thus, for example, redistributive
aspects of the tax system that taxpayers are unaware of are highly efficient because they
achieve that redistribution without any corresponding distortion.

The final case is that of individuals with higher-than-average welfare weight (¢* > 1).
The internality benefit to the recipient is then more important than government revenue
at the margin. In the extreme, if ¢’ is large enough, equation 12 approaches being propor-
tional to the gap between the perceived and actual fiscal externalities, FE — FE. The gov-
ernment should then do everything it can to ensure that this taxpayer is well-informed
(providing that knowledge is privately beneficial), even if the resulting behavioral re-
sponses incur a large fiscal cost. If limited resources are dedicated to taxpayer education,
this suggests that such education should be targeted at lower-income taxpayers, all else
equal. By contrast, dedicating resources to obscuring information about tax avoidance

opportunities for low-income taxpayers would likely reduce welfare.

3.5 The Optimal Level of Knowledge

If the level of knowledge is optimal, then the overall change in welfare — aggregated over

all individuals, and accounting for the direct cost of its provision — must be equal to zero.?

26Individuals may have systematic misperceptions such that J; MTR’ # [ MTR’. Or, they may be correct
on average, with beliefs dispersed around the truth. With heterogeneity, the welfare gain (equation 13) can
be rewritten as a function of the average bias and the covariance between biases and income responses.
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Otherwise, there would be a first order gain to either providing more or less knowledge.
This is summarized in Proposition 2, which provides a necessary condition for the level
of knowledge to be optimal.

Proposition 2. Consider an arbitrarily small perturbation that raises the level of knowledge.
Given Assumption 1, the effect on social welfare is:

. ) o~ dyt
AW = / (1— ¢ )MTR + ¢'MTR | “Ldi — C' (k) (13)
1 dk N~
h ~~ Direct
Benefit of Knowledge Cost

If the level of knowledge is optimal and C' (k) is continuous, then equation 13 is zero.

3.6 When Is More Knowledge Beneficial?

Equation 13 can also be used to assess whether a taxpayer education campaign is welfare-
improving at the margin. Here, we ask whether the aggregate benefit of knowledge is
positive or negative. We focus on the case when the average marginal tax rate on income
is positive, and is perceived to be positive as well.?”

First, suppose that taxpayer ¢ perceives that her tax burden would increase by more
than it really would if she were to increase her income (h//FFT{Z > MTRY). In this case,
equation 13 says that taxpayer education is socially beneficial if and only if income rises
with knowledge. This turns out to correspond with knowledge being privately beneficial
to its recipient, which includes any of the cases in Proposition 1. For example, suppose
the taxpayer’s only choice is her overall level of income. Then MTR would fall toward
MTR’ as k rises, and 4’ would always rise. Because education benefits its recipient and
also raises government revenue, it is socially beneficial. By contrast, with many related
decisions, it is possible that yi falls. In that case, the recipient’s welfare is directly harmed
by a marginal increase in her knowledge. Since the fiscal externality is then also negative,
taxpayer education is unambiguously socially harmful. In summary, if MTR > MTR' > 0,
knowledge is socially beneficial if and only if it is privately beneficial.

Second, consider a taxpayer for whom MTR < MTR’, and suppose that knowledge is
privately beneficial. Similar to before, this implies that the taxpayer’s income falls with
knowledge. This case is more complex to analyze because there is a trade-off between
a positive internality and a negative fiscal externality. Providing knowledge is socially
beneficial if and only if:

¥This is for expositional simplicity, because it is the natural case. Analogous results apply with negative
actual or perceived average marginal tax rates.
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MTR* — MTR

Equation 14 implies that knowledge should be provided if its recipient has a high welfare

weight at the margin—at least greater than the population average of one—but not oth-
erwise. If ¢’ is very low, the internality is relatively unimportant, and the negative fiscal
externality implies that education lowers social welfare. Put simply, if society does not
care directly about the beneficiaries of taxpayer education, it is only optimal to provide it
if doing so raises government revenue. But as we consider taxpayers with higher welfare
weights, the positive internality may become important enough to outweigh even a large
loss in government revenue. For example, helping welfare recipients below the poverty
line make best use of benefits they qualify for may clearly be worthwhile even if doing
increases take-up of these benefits and raises the government’s costs.

The final case is another in which the taxpayer’s normative utility falls when she is
educated because misperception on multiple dimensions causes her re-optimization to be
counterproductive. Imagine that MTR < MTR’, but that income rises with knowledge.
Then knowledge is socially beneficial in the opposite cases from above. Specifically, wel-

fare increases if: ‘
MTR’

MTR! — MTR'

Here, the internality and fiscal externality again have opposite signs, but both are flipped:

P <) = (15)

knowledge is privately harmful, but government revenue rises. The planner should pro-
vide knowledge only if ¢/’ is low so that direct harm to the recipient is discounted.

3.7 Three Examples

We now discuss some examples that illustrate how the analysis above applies to issues of
tax salience and tax manipulation. We start with two conceptual examples, before turning
to an empirical assessment of the social benefits of improved information about the EITC.

Example 1 imagines that taxpayers are confused and respond to their average tax rate
as if this were their marginal tax rate. This is referred to as “ironing” in the literature (Lieb-
man and Zeckhauser, 2004). Because marginal tax rates are higher than average rates in a
uniformly progressive tax system, partially correcting this misperception would lead tax-
payers to perceive their marginal tax rates as higher than otherwise. They would therefore
reduce their incomes, causing government revenue to fall. But correcting their mistake
also raises welfare directly via the internality. This trade off means that it will be optimal
to correct a taxpayer’s misperception if and only if society places a high social welfare

weight on them at the margin. This may correspond to informing low-income but not
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high-income taxpayers, although welfare weights could capture other ethical criteria.

Example 1. Let «' be uni-dimensional and assume MTR® > MTR' > 0 as would be true with the
ironing heuristic and a progressive tax schedule. Then the change in ' (equation 8) reduces to:
dz? Ty (x*,T)/ 0k

— ~ 16
dk yiy(x?) = T (x? | k,T) — x11(2?) (16

where y11, Tyy and X11 are the second derivatives of their respective functions with respect to xll

We know that 0T (a:i, T)1/ 0k is positive, because MTT{Z < MTR?; and the second order con-
dition in the denominator is negative. Thus, dx’i /dk < 0and dy'/dk < 0. In turn, this implies
that knowledge provision to this taxpayer is beneficial if and only if:

MTR}

P>t = —;
MTR} — MTR,

> 1 (17)

This holds if the welfare weight is greater than a threshold )" that exceeds the average of one.

Example 2 considers the net benefit of informing taxpayers about a tax avoidance op-
portunity. Despite the fact that tax avoidance is widely perceived as always being “bad”,
this example shows that it can be beneficial. In fact, precisely the same logic applies as in
the example with ironing above: If the planner places enough welfare weight on the tax-
payer who benefits from knowledge, then educating that taxpayer can produce a benefit

that outweighs the social cost of any loss in government revenue.

Example 2. Let x' be comprised of labor supply (z') and tax avoidance (z%). Assume that the
individual correctly perceives her marginal labor income tax rate (T} = T}) but engages in less tax
avoidance than is privately optimal because she is not aware of the benefits (T < T4 < 0).

Then x4 increases, and knowledge provision to this taxpayer is beneficial if and only if:

IN ~ [ e
[ MTR, — MTR | yo (i) %2

Because w9 increases and Ty < Ti < 0, the denominator is positive (see Appendix B for a proof).
Thus, the sign of 1) is the opposite of that of the fiscal externality.

If informing the individual of the benefits of tax avoidance lowers government revenue, the
planner should inform an individual if and only if their welfare weight is high enough. But it is
also possible that knowledge provision raises revenue if labor supply increases enough; in this case,
there is no trade-off, and knowledge is always beneficial.
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A second lesson of example 2 is that providing information about avoidance opportu-
nities could actually increase revenue due to a type of “Laffer” effect. Although the direct
effect of information provision is that the recipient avoids more tax, she may also supply
more labor if avoidance lowers the effective marginal tax rate on labor income. This could
more than offset the direct loss in revenue. Because both the internality and fiscal exter-
nality are positive, in this case taxpayer education is again unambiguously beneficial—
regardless of the recipient’s marginal social welfare weight.

For our third example, we revisit Chetty et al.’s (2013) study of knowledge about the
EITC. Their analysis compares the income-earning behavior of EITC-eligible individu-
als, depending on how knowledgeable about the program people generally are in their
geographic area. To proxy for knowledge, they measure the fraction of self-employed

taxpayers who manipulate their incomes to maximize their refund.

Example 3 (Chetty et al. 2013). Consider a policy that educates taxpayers in areas of the United
States where people are least-informed about the EITC, and makes them as informed as people in
the top percentile by geographic. Is this socially beneficial?

Chetty et al. (2013) estimate the impact of the decisions of two groups of taxpayers: those in
the phase-in region of the EITC, and those in the phase-out region. For both groups, the authors
provide all the ingredients required to implement our framework within the childbirth sample where
they can estimate a causal effect. We start with the phase-out region. In the year they focus on,
the phase-out rate of the EITC was 16% for these families, and our calculations suggest that the
ex-EITC tax rate on income was approximately 12.5% on average for this group. This makes for
a total marginal tax rate of 28.5%, but a perceived tax rate of 12.5% if they ignore the EITC (but
consider the income tax otherwise). Making them as informed as the top percentile of the United

States would be welfare improving if:

MTR  0.285
MTR — MTR  0.16

pout > ~ 1.78. (19)

Next, we turn to the phase-in region. The phase-in subsidy rate was 34%, and our calculations
suggest an average ex-EITC tax rate of 0%. It is therefore welfare-improving to educate them if:
oin > MTR _ 034
MTR - MTR  —0.34

1. (20)

Finally, an alternative policy would educate both the phase-in and phase-out populations simulta-
neously. Such a pooled education policy raises social welfare if 0.7 + 0.31°“t > 1.23. Further
details of this calculation, and our estimates of ex-EITC tax rates are available in Appendix A.2.

While final judgments are subjective, we expect that a policy targeted specifically at
the phase-in region would be deemed beneficial based on this criterion. This is a low-
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income population, upon whom society likely does place greater than average social wel-
tare weight. They are also the population whom the EITC is deliberately designed to
affect. It is less clear that society would endorse a policy targeted at the phase-out region.
This is still a relatively low-income population, but their welfare weight would have to
exceed 1.78. For a pooled policy that targets both populations, the average welfare weight
would only have to exceed an intermediate value of 1.23.

This type of information campaign can in some settings be feasible and effective, and
likely entails relatively small direct costs. For example, Bharghava and Manoli (2015)
show that distributing mailings to taxpayers to inform them of how the EITC worked
raised the claiming rate by 22 percentage points, with an increase in the average disbursed
benefit of $511. The effects were estimated to be even larger when the mailings were sim-
plified to make them more easily comprehensible. Unlike Chetty et al. (2013), Bharghava
and Manoli (2015) do not provide information about incomes of the targeted taxpayers.
This precludes us from using the estimates in the same manner as our applied example
above, but future studies could—and should—be designed to provide such information.

Beyond the EITC, other studies show that simplification of communication about tax
compliance can have large effects (De Neve et al. 2019), as can providing information
about disability insurance (Kostel and Myhre 2021) and social security (Liebman and
Luttmer 2015). In the future, similar campaigns could be used to correct apparent mis-
perceptions about the Child Tax Credit (Feldman, Katus¢ak, and Kawano 2016). Beyond
pure information, our framework could be adapted to evaluate the welfare impacts of
the changes in behavior that occur when an individual is audited (DeBacker et al. 2018),
tax simplification initiatives, and corrections of biases such as “ironing” (Rees-Jones and
Taubinsky 2020).2

3.8 Improvements in the Allocation of Effort

The benefit of knowledge embodied in equation 12 comes not only from the taxpayer ad-
justing their overall level of effort, but also from improvements in how they allocate effort
across income-generating activities.” To see this most clearly, consider the case in which
¢' = 1. As we highlighted above, this means that the planner cares only about overall

efficiency, and the welfare benefit of knowledge is just the perceived fiscal externality.

28In a context other than taxation (energy pricing), educational campaigns have also been shown to im-
prove understanding of nonlinear price schedules, causing changes in behavior (Kahn and Wolak 2013).

2We abstract here from classical externalities that vary across different income earning activities, which
also distort effort allocation (see Lockwood et al., 2017).
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Further suppose for now that the taxpayer who is being educated does not change her
overall level of income, y(x'), but does change how she earns it. When is this realloca-
tion of effort favorable from an efficiency standpoint? If the tax system were perceived
by the taxpayer to treat all decisions symmetrically so that l\//ﬁ“f{j is equalized across all
decisions, there would be no welfare impact of such a compositional reallocation of effort.
In general, however, welfare rises if she shifts her effort toward activities where the per-
ceived marginal tax rate is higher.30 Examining equation 21, this implies that d$§- /dk for
activities where 1\7[\Tsz is higher than average, so that the summation is positive.

The welfare gain or loss here stems from the fact that divergence among the perceived
tax treatments of different income sources causes taxpayers to allocate their existing effort
inefficiently. If the marginal tax rate on decision A is perceived to be higher than that
on decision B, the taxpayer’s effort is distorted toward B and away from A. Thus, a
marginal reallocation of effort back toward A is efficiency-enhancing. For example, if the
perceived tax treatment of production in Ohio is higher than that in Michigan, production
is distorted toward Michigan. Thus, if knowledge causes a reallocation of production back
toward Ohio, that improves efficiency, all else equal.

Example 4 reinforces these insights. The simplifying assumption is that taxpayers cor-
rectly perceive the simple average of marginal tax rates, but perceive marginal tax rates
as differing more or less than they do in reality. For example, they might know the level
of marginal tax rates in general but under-appreciate how they differ across activities. In
this setting, knowledge is efficiency-enhancing if and only if the true tax system treats

different activities more rather than less symmetrically than perceived.

Example 4. Suppose the simple average of actual and perceived marginal tax rates is the same:

jeJ JET

However, let one be more dispersed: MTR; ~MITR' = d []\//I\ﬁ{; - MTR'] for some constant d.
Finally, assume knowledge reduces each wedge, w;(k) = MTR; — MTR;, by the same proportion.
If " = 1, so that benefits to the individual and the government are equally weighted, the welfare

gain is comprised of:

1. afiscal externality that is directly proportional to the change in i's overall income, and which

30 A modified rule holds if 1 # 1, again involving a weighted average of perceived and true tax rates.
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is zero if i's income does not change; and

2. the impact on welfare of re-allocation of effort across activities, which is positive if d < 1,
negative if d > 1, and zero if d = 1.

See Appendix B for a proof.

To understand the benefit or cost from re-allocation in this example, first observe that
if d > 1, the true tax system treats different activities more differently than perceived. When
individuals learn this, their allocation of effort is further distorted. By contrast, if d <
1, learning more convinces them that the tax system treats the various income-earning
activities more equally than they thought. Their allocation of effort improves. We build on
this idea further in Section 3.10, where we show that the government can in some cases
achieve welfare gains (even in the Pareto sense) by removing perceived differences in how

different income-generating activities are taxed.

3.9 Heterogeneity Across Individuals

In some contexts, there may be significant heterogeneity across individuals in their mis-
perceptions (Allcott et al. 2022; Taubinsky and Rees-Jones 2018). This is formally incorpo-
rated into the aggregate benefit of education (equation 13). However, additional insight
can be gained by further decomposing the internatility term.

For notational simplicity, suppose that all individuals at a given income, y, receive the

same welfare weight, 1)Y. The gross benefit of educating taxpayers can then be written as:

E (MTRinZ—i> 0V B (1\TTT2 _ MTRZ‘) E (C;ik) +Y Cov (ﬁﬁz _ MTR!, Z—i) (22)

Fiscal Externality Average Bias Dispersi:)rrl of Bias ’

where the expectations and covariance are taken over the set of affected individuals.

Expression 22 shows that heterogeneity in misperceptions matters to the extent that
changes in individuals” incomes are correlated with the overall wedge between actual and
perceived marginal tax rates. This is plausible. For example, even if taxpayers are correct
on average, better information may reduce the perceived marginal tax rate for those who
thought it was higher than in reality, causing them to increase their income. At the same
time, it may increase the perceived marginal tax rate for those who thought it was lower
than in reality. The average bias would then be zero, but the covariance term would be
positive. On the other hand, if behavioral responses are uncorrelated with misperceptions,

only the average bias matters, even with heterogeneity across individuals.
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3.10 A Stronger Form of Knowledge Provision

To conclude our analysis of optimal knowledge provision, we consider a more extreme
thought experiment in which the government has a very granular ability to affect indi-
viduals” perceptions of the tax system. Specifically, we suppose that the government can
costlessly choose both the actual and perceived tax systems. We do this as a pedagogical
exercise because the benefits of reducing distortions between different income sources are
particularly clear. We do not propose it as a practical suggestion, since such precise and
costless control of perceptions is clearly not possible in practice.’!

As a benchmark, we also make a separability assumption about utility functions (As-

sumption 2). We return to what happens without this assumption below.

Assumption 2. Individuals have normative and decision utility of the following form:
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so that individuals do not differ in their preferences over x*, conditional on y(z").

This assumption states that types may differ in their disutility of earning a given level
of income, but that any individual would choose to earn their income in the same way
if they had the same level of income. As a result, the composition of effort chosen by an
individual (') does not reveal anything about her that is not already revealed by the level
of her income itself, y(x*). This statement is formalized in Lemma 1.

Lemma 1. The set of utility-maximizing choices of = given y* are the same for all i.

Building on this result, we can show that a Pareto gain can be obtained by harmonizing
individuals” misperceptions about how different actions are treated by the tax schedule.
Specifically, the existing tax schedule can be replaced with one that achieves the same
amount of redistribution across types but does not distort how each type earns a given
amount of income. Because effort is allocated more efficiently, all individuals can be made
better off providing that we also make appropriate compensatory transfers.

Proposition 3. Suppose perceived marginal tax rates are not equalized across decisions for some:
MTR;(x") # MTR;/(x"). Given Assumption 2, there is a decision vector for each individual, a

true tax system TT (y(x)) and a harmonized perceived tax system T (y(x)) such that:

311f the planner could costlessly change perceptions in this way, it could completely obfuscate incentives
created by the tax system by making taxpayers perceive it as entirely non-distortionary. It could then fully
redistribute with no efficiency costs, equalizing normative utilities across types. This is related to Goldin
(2015), who shows how to achieve it with two commodity taxes which differ in salience. This conclusion
could be avoided by constraining the planner to choose from a limited range of credible tax systems.
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(1) Every individual is maximizing their utility given their perception of the tax schedule.

(ii) All individuals have strictly higher actual and perceived utility than before harmonization of

the perceived tax system.
(iii) Perceived and actual government revenue are both weakly higher.

Proposition 3 shows that the government can make individuals of every type better off
by ensuring that their beliefs are harmonized in the sense that they perceive the tax system
as not affecting how they earn a given level of income. Effort is then better allocated
for every type if any such distortions are removed.>? Thus, each and every individual
can produce the same income in a less costly way. This is a strong conclusion: Not only
does this change produce a Pareto gain, but there is again no need to assume that the
tax schedule is set optimally—either before or after the reform. This same logic applies
whenever we are considering informing an individual of a potential tax benefit, regardless
of whether that involves “legitimate” activities or evasion.

This is a different conclusion from Section 3.6. To see this, revisit Example 2, where
we held the tax schedule fixed and considered the benefit of education. In that case, it
was beneficial to inform a high welfare weight taxpayer of a pure avoidance opportunity.
This obtained because the private gain from re-optimization outweighed any loss in gov-
ernment revenue. Here, where we allow a simultaneous adjustment to the tax schedule,
it would be better not to inform taxpayers of such an opportunity. Instead, we can avoid
the resulting distortion to their effort, and just lower their type’s overall tax burden. The
reason for the difference in results is that the government’s more granular ability to affect
perceptions allows it to separate efficiency in the allocation of effort from redistribution.

Without separability (Assumption 2), we would not have obtained as strong a conclu-
sion because different types would then have different preferences regarding how to earn
income. There would therefore be a reason to impose higher perceived marginal tax rates
on activities that are favored by high-ability types (or more generally, types with lower
welfare weight).3®> For example, it may then be optimal to impose harsh penalties for tax
evasion if higher types are intrinsically more likely to evade—in the sense that they would
evade taxes more than lower types even if they had the same level of income. Note that
this is a statement about intrinsic preferences, which is different from higher types simply

evading more than lower types because they have more income to hide in equilibrium.

32Because non-linear taxation is available, there is no gain from having different perceived tax rates on
goods that are more or less elastic, and Assumption 2 rules out any “tagging” benefit to differential taxation
that would arise if different types had different preferences about how to earn a given income.

338tarting with Akerlof (1978), there is a rich literature on using innate differences in preferences to tag
higher types and relax the incentive constraints in optimal tax problems.
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4 Private Investment in Knowledge

Rather than the government directly choosing taxpayers’ level of knowledge, one could
imagine that individuals endogenously invest resources (cognitive and other) to discern
the parameters of the tax system subject to government information provision policy.>*
We consider this possibility next, building in a mechanism that resembles models of en-
dogenous attention (see Caplin 2016; and Mackowiak, Matéjka, and Wiederholt 2021). The

core trade-offs remain very similar to above.

4.1 Individual Knowledge Acquisition

Consider an individual who has beliefs about which of many tax systems, 7' € T, she
might be facing. We assume that she faces a two-stage decision problem in response to a
policy change. First, she chooses how much additional information to acquire. Then, she
chooses ¢, holding fixed her new level of knowledge. We note that information acqui-
sition is uni-dimensional in our framework, but that in reality taxpayers seek out or oth-
erwise receive information on different dimensions and in many different ways (Hoopes,
Reck, and Slemrod 2015). Our model could be expanded to engage with how taxpayers
choose which information sources to seek out, as has been the focus of other work on
costly information acquisition (Gabaix, 2014; Mackowiak et al 2021).

The taxpayer starts with an initial belief, py. Specifically, she subjectively assigns prob-
ability pl to the tax system being 7. Thus, her expected marginal tax rates are given by:

T; (z' | po) = Ei (Tj (z') |po) = Y_ pi T (25)
Ter

where z' is the vector of income-generating activities she chooses.

The taxpayer makes an investment, a’, to acquire more information in the form of a
signal, s' € [0,1]. The signal has density f (s’ | a’,T’), which we assume for simplicity
is twice differentiable with respect to a’. The cost of the investment, ¢’ (ai, 6), is twice
differentiable, strictly increasing and strictly convex. If the taxpayer invests nothing (a’ =
0), the signal comes at no cost but is not informative at all. The benefit of increasing a’ is
that it increases the informativeness of s’ in the sense of Blackwell (1953). Upon receipt of
the signal, the taxpayer revises her belief to p;, so that the probability she assigns to tax
system T is p! . Her decision vector changes from z, to x} (p1).

The parameter /5 is a tax system policy choice that weakly lowers the individual’s

34Both mechanisms could operate simultaneously. Government information provision may then crowd
out private knowledge acquisition, amounting to a transfer to those who acquire a substantial amount of it
with little change in decisions. Even in this case, the same sufficient statistics apply.
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marginal cost of knowledge acquisition, and may also reduce infra-marginal costs. More
formally, we assume that the derivatives qﬁ% (a’,3) < 0and ¢, 5 (a’, ) < 0. For example,
the policy could be a taxpayer education campaign, or an investment to make the IRS in-
structions and forms more accessible and understandable. The private cost of attaining
a given amount of information, ¢‘(a’, 3), may also vary across individuals of different
types, depending on factors such as their cognitive ability.

The utility that a taxpayer of type 6 will experience when uncertainty is resolved is:

y(@') = T(a') = x(a" | ') = ¢'(a', 8) (26)
Without acquiring any information (i.e., when a' = 0), her expected utility is therefore:
EUp = B [y(xh) — T(x0) — x (g | 0") | po] (27)
If she instead invests a’ > 0, her expected utility is:

EU: = Ei {E; [y(2}(p1)) — T(zi(p1)) — x(xi(p1) | ") [ po] } — ' (a’,8)  (28)

The return to investing a' > 0is EU; — EUj,.

We make two key assumptions to simplify the analysis from here. Assumption 3 states
that there are diminishing marginal returns to acquiring more information about the tax
system.>®> Assumption 4 amounts to assuming that taxpayers are initially optimizing be-

fore any policy change is made.

Assumption 3. The cost function, @', is convex enough such that EU; — EU, is strictly concave.
Assumption 4. In the absence of any policy change, the taxpayer is indifferent between remaining
at a’ = 0 (acquiring no new information) or increasing a' by an arbitrarily small amount.

Jointly, these assumptions ensure that the net return to acquiring new information is
strictly concave, and that it is zero in the absence of any policy change.3¢

At the status quo when ¢’ = 0, we continue to assume that the taxpayer’s optimal
choice of ' is pinned down by a first order condition.

yi(xh) — Tj(zf | po) = x; (o | 0") (29)

The difference from Section 2 is that the individual’s perceived marginal tax rates are
explicitly expected marginal tax rates. In turn, because f (s’ | a',T) is twice differentiable
with respect to @', 2 is differentiable with respect to a’.

%1t is straightforward to consider cases in which concavity is violated for ' or a’. This introduces the
possibility that decisions jump discretely, but adds little conceptual insight.

3Tt is also straightforward to accommodate the possibility that some taxpayers strictly prefer not to invest.
A small change in 3 leads to no change in knowledge acquisition (or earnings decisions) for such a taxpayer.
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Starting again from the status quo, differentiability allows us to write the net expected
return to increasing a’ as:

de’ . , o
Net Expected Return = E; ( Y. dag [Tj(azZ | po) — Tj(m’)] po) —¢r(d’, 62 (30)
N ~— Cost
Gross Expected Return

where dz’,/da" is the total derivative of z; with respect to a' (evaluated at a' = 0).

The benefit of additional knowledge is embodied by the gross return in equation 30.
When a taxpayer invests, the law of iterated expectations implies that she cannot know the
direction of the change in her decision vector, &' It therefore follows that E;(dz}/da’) = 0.
However, she expects her perception of marginal tax rates to move closer to the truth, and
her decisions to move closer to her true optimum. On average, then, we would expect
that if Tj(x' | po) > T;(«'), more information would cause Tj(x' | po) to fall, and ; to
rise. Conversely, if Tj(x' | pg) < Tj('), x; would be expected to fall. For this reason,
the gross expected return in equation 30 is greater than zero, which would be its value if
da’;/da’ and Tj(x' | po) — Tj(z') were independent.

4.2 Knowledge Policy with Individual Investment

If the government knows that an individual’s beliefs are biased in a particular direction,
it can expect that bias to be reduced with knowledge acquisition. This implies predictable
changes in perceptions from the government’s point of view, but which are unanticipated
by individuals. This informational advantage forms one basis for optimal knowledge
policy in the model we lay out below, although our approach also nests the case in which
beliefs are correct on average across individuals but are dispersed around the truth.”

In the framework with endogenous information acquisition, government knowledge
policy amounts to changing 3, which changes the cost and therefore the attractiveness of
individual knowledge acquisition. The social planner chooses this cost to maximize social
welfare, which is defined similarly to before.

max WET) = [W (') - T(a') ~x(a' |#) - ¢'(a". 5)) d (31)
It does this subject to the constraint, also as before, that it must raise enough revenue to
cover required government expenditure. This includes any direct cost of the information

37This is also a difference from typical approaches in the literature on costly information acquisition.
Rather than assuming that individuals have a noisy belief about a random state of the world that is correct
on average, we assume that the government knows the true tax system. Note that with heterogeneity
in beliefs the overall welfare gain below can again be rewritten as a function the average bias and the
covariance between biases and income responses.
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campaign, C'(3).
/T(mi)di ol EXe (32)

When the government makes knowledge acquisition cheaper by increasing 3, there is
again a fiscal externality and an internality, which can be aggregated in the same way as
in Section 3. The main difference is that there may now also be a mechanical cost saving
for the individuals whose costs of knowledge investment have changed. This is offset by
any mechanical cost to the government directly, C'(3). The total impact on social welfare

is given by equation 33 of Proposition 4.

Proposition 4. Consider an arbitrarily small perturbation that reduces knowledge acquisition
costs by increasing 3 slightly. Given Assumptions 1, 3 and 4, the effect on social welfare is:

AW:/i[fl—W)MTRgE (f;yﬁ) WMTR E (Cjz }dz /¢ ols(a’, B)di + C' (B 5) (3)

Actual Fiscal Percewed Fiscal Private qnd Government
Externality Externality Direct Cost

where MTR' and ]\717“1/{2 are the expected average marginal tax rates:

. dact e~ dat
; Zj‘vzl MTR;ijg (%) —~i Zj’vzl MTRjij < dx] )
MTR, = . i MITR, = . e (34)
Zj:l ijg<W> Zj:l yiEy ( a8 )

and Eg(dy'/dp) and Eg(dx;'- /dp) are the government’s expectations of individual behavioral re-
sponses when f3 is increased slightly.

Equation 33 is nearly identical to equation 13, and the models share many of the same
implications. Specifically, the internality and fiscal externality feature additional expec-
tation operators, but are qualitatively identical.®® In this sense, little has changed if the
policy in question only affects marginal information costs so that gzﬁ"ﬁ (a®, B) = 0 for all 4.

More generally, there may also be infra-marginal cost savings for taxpayers.>* In any
application, these individual cost savings need to be traded off against direct costs to the
government. For example, it may be costly to educate individuals about the tax credits

for which they are eligible, but such a campaign would also save those individuals some

38 Another small difference is that the derivatives here are directional. Behavior does not change if 3 is
reduced, because the framework with knowledge acquisition does not allow knowledge to be revoked and
taxpayer misled. One could adjust this if desired. For example, each of many generations of taxpayers could
start from no knowledge rather than the status quo, and choose how much to acquire.

3 These cost savings are weighted by the individual’s marginal social welfare weights, which—assuming
that welfare weights decline with income—makes it even more attractive than before to favor policies that
increase the knowledge of poorer rather than richer taxpayers.
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of the time and effort they would otherwise have exerted to uncover that information.
This infra-marginal benefit needs to be considered in addition to the internality and fiscal
externality from any increase in knowledge that eventuates. Quantifying these informa-
tion cost changes poses additional challenges, although there is an active literature on
measuring attention costs (Caplin et al. 2020; Pomatto, Strack, and Tamuz 2023).40

5 Optimal Taxation with Imperfect Taxpayer Knowledge

Two aspects of taxpayers’ imperfect knowledge have consequences for the optimal tax
system as well as taxpayer education. First, taxpayers may not respond to changes in
the tax system, either because they are not fully aware of them or because they make
mistakes in understanding such reforms. Second, an internality arises, which is, as above,
proportional to the gap between the actual and perceived average marginal tax rates.

To investigate this, we follow a perturbation approach similar to Gerritsen (2016a). We
start from an initial tax schedule, T (a:l), and then we consider a reform that is character-
ized by a direction, 7 (wz), and a size, . This allows us to parameterize the post-reform
tax schedule, T (z, 7).

T (z',n) =T (') +n7 (") (35)

As a function of the parameterized tax schedule, normative utility can be written as:
U=y (m’) -T (a:i,n) —X (mZ | Hi) (36)
and we can similarly write decision utility as a function of the reform:
U=y (.’1:1) -7 (a:i, k:,n) - X (:BZ | 91) (37)

We then evaluate a marginal reform by considering a small change to the tax schedule, dn,
asking whether this raises or lowers welfare.*!

The analysis of optimal taxation is complicated by the multi-dimensionality of indi-
vidual decisions. To provide insight while maintaining tractability, we adopt assumptions
that resemble those elsewhere in the optimal taxation literature. We state these formally
in Appendix A.3. Most importantly, we guarantee that higher types have higher incomes

via an assumption similar to the Spence-Mirrlees condition (Mirrlees, 1971). A restrictive

40Bronchetti et al. (forthcoming) provide a way to value a reduction in information acquisition costs.
Caplin and Dean (2015) also discuss how to infer information costs from choice data. However, we note
that it may be hard to measure cost savings from a government education campaign in practice.

#This optimization over the set of potential tax systems is essentially equivalent to an informational
constraint, which is that the social planner can observe x but not °.
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implication of our assumption is that individuals’ decisions have the same ordering on ev-
ery dimension: Higher types always choose higher values of z; for all j.4? For simplicity,
we also assume that individuals respond only to their marginal tax rate, which is similar

to ruling out “income effects”. We relax this in Appendix A.3.4.

5.1 Optimal Redistribution

To characterize the optimal amount of redistribution from higher types to lower types,
we consider a class of tax reform that has often been analyzed in the literature (see, e.g.,
Saez 2001): We raise the tax burden of individuals with incomes greater than some fixed
threshold, y*. This produces a small change in the marginal tax rate for individuals at y*
without any change to the marginal tax rate elsewhere. Specifically, individuals at y* see
their marginal tax rate raised by:

T(ac*—l—d:c)—T(a:*)dn_@ (38)

7y () dn = i =

whereas all other individuals see no change in their marginal tax rates.
Because individuals are assumed only to respond to their own marginal tax rate, only
individuals at y* respond. We can define the elasticity of income as:

1 — MTR* dy?
_ ( : ) izl (39)
y —7y (x*) dn

&
where MTR" is the average marginal tax rate at y* (as defined in equation 5). The elasticity,
5?’;, is a sufficient statistic for the welfare analysis below, but we note that its size and sign
depend on how perceived marginal tax rates change when changes are made to the true
tax system. We take this up further in Appendix A.3.2.

The last piece of notation required is the cumulative distribution function for income,

and the corresponding cumulative welfare function.
y , v_y
Hy) = [ di= [ nw) ¥()= [ vidi= [ Fhedr @0
Ty <y 0 Ty <y 0

where h(y) is the density of the distribution of overall income at i and 9’ is the welfare
weight of types with income y.
With our regularity assumptions (assumptions 1 and 5-7), we can characterize optimal

#2This monotonicity implication is restrictive, but is also necessary in other analyses with multiple tax-
payer decisions. For example, Ferey et al. (2021) require it for their analysis of capital and labor income
taxation. As they point out, an alternative way of viewing this is as a restriction on the class of tax systems,
ruling out those that cause higher types to engage in more of some activities but less of others.
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average marginal tax rates with a first order condition that is similar to Mirrlees (1971),
and is closely related to Gerritsen’s (2016b) optimal tax condition in a much simpler setting

where individuals choose only their overall level of income.

Proposition 5. Given assumptions 1 and 5-7, a necessary condition for the tax schedule to be
optimal is set such that the average marginal tax rate at y* is such that the following holds:

(1-¢")MIR* + ¢*MIR 1 ¥ (y*) — H (y")
1 — MTR* es yrh(y*)

(41)

where \* is the welfare weight of individuals with income y*; and MTR* and MTR’ are the average
actual and perceived marginal tax rates at y* (as defined in equation 5), respectively.

The main difference from Mirrlees (1971) is that the left-hand side of equation 41 con-
tains an internality correction. The extent to which the planner should take into account
the internality depends on the welfare weight, ¢*, of individuals with income y*. If ¢* is
very low—which is often assumed to be the case at very high levels of income—the inter-
nality is heavily discounted, and only the fiscal externality matters. Equation 41 is largely
the same as Mirrlees (1971) in that case. By contrast, if ¢* is very high, the planner has a
strong motive to keep actual and perceived marginal tax rates close to each other.

5.2 Optimal Relative Tax Rates

We can also provide insights into how the tax system should treat different activities rel-
ative to each other, holding fixed the overall amount of redistribution. At the optimum,
relative tax rates balance the internality and externality in much the same way as we saw
for optimal taxpayer education in Section 3.

Substantial intuition can be obtained from the benchmark in which preferences are
separable (Assumption 2), and changes to marginal tax rates are equally salient across all
decisions. As we show in Appendix A.3.3, the following weighted average of actual and
perceived marginal tax rates is then optimally equalized across all activities.

Wi = (1 —¢*) MTR} + ¢*MIR,; (42)

This has intuitive implications. First, if taxpayers at y* have a very low welfare weight
(¥* = 0), the planner maximizes the revenue that it can extract from these taxpayers by
equalizing actual marginal tax rates. Second, if ©)* = 1, as is true for the average taxpayer,
perceived tax rates are equalized, which ensures overall efficiency in the allocation of effort.

Third, if ¥* is very high, the planner equalizes the internalities across decisions, because
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reducing the harm from the internality is more important than government revenue at
the margin. For other values of ¥*, the weights lie between these three cases. Beyond
this benchmark, if we relax the assumptions of separability or equal salience, an efficiency
gain can be achieved by shifting the tax burden toward decisions for which taxes are less

salient, or that are intrinsically preferred by higher income individuals.*?

5.3 Optimal Taxation with Private Investment in Knowledge

The optimal tax problem would be qualitatively unchanged if knowledge were endoge-
nously acquired as in the framework of Section 4. Once a process is specified for how
changes to the true tax system change taxpayers’ investment and beliefs, the equation
governing the optimal amount of redistribution remains the same as above (equation 41),
except that behavioral responses and marginal tax rates are again uncertain. The only
turther difference is that the response of income (e}) derives from a somewhat different
mechanism than in the model with direct government knowledge provision, which may

have implications for its size and how it varies across individuals and reforms.

6 Conclusion

A large recent literature has addressed the implications of the fact that some taxpayers
do not accurately perceive the tax system. This leads them to forego utility by making
decisions based on a misperception of their true budget set, although this may be privately
optimal if attention is costly to acquire. An entirely separate, and also large, literature has
addressed the vast investments in knowledge, own or purchased, that people make to
exploit the gray areas and fine points of tax systems in order to reduce their tax liability,
legally and/or illegally.

This paper unifies these two central tax issues by recognizing that the tax system that
some struggle to understand others strive to exploit. We develop a general model that
integrates the treatment of both phenomena, including the analysis of optimal policy. This
reveals that these two phenomena are similar in important ways. Despite the generality of
our analysis, we establish a small set of aggregate statistics that are sufficient to quantify
our approach, and show how the parameters of an optimal tax system should reflect both
the presence of incomplete knowledge of the true tax system and exploitation of the tax
system. It is our view that this unified approach should replace the narrower conception

of tax systems implicit in each of the two distinct literatures.

#3The point that unequal salience across activities leads to a motivation to distort choices has also been
made by Allcott, Lockwood, and Taubinsky (2018) in the context of commodity taxation.
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A Supplementary Analysis

(For Online Publication)

A.1 Regularity for Optimal Knowledge

In this appendix, we discuss conditions such that decisions respond smoothly to the re-
ceipt of knowledge. We focus on sufficient conditions, but note that they are not necessary.

The first step is to ensure that a decision utility-maximizing choice exists, and the most
straightforward way of achieving that is to assume that x; is bounded below some maxi-
mum value, 7; for all j € J. Note that this assumption does not rule out corner solutions
at which the first order condition for z; does not hold. However, such corner solutions do
not pose a problem for the analysis in Section 3.4 The reason for this is that it does not
matter for any of the welfare analysis whether the first order condition holds if x; does
not change in response to knowledge.

A more subtle requirement is that any interior decision utility-maximizing choice, =¥,
is unique. We first require that «* locally maximizes utility, which in turn implies that
H' (x') is negative semi-definite. Throughout the paper, however, we strengthen this as-
suming that #' (x') is negative definite. This allows us to apply the implicit function
theorem, but we note that the assumption is not required for utility to be strictly concave at
x*, and for * to respond smoothly to a perturbation. Beyond this, it remains possible that
there are two distinct local optima that correspond to identical utility levels. In this case,
a small change in knowledge could cause individuals to jump to a discretely different de-
cision vector. We rule this out, but note that it would pose a problem for the analysis if
it occurred for more than a zero measure set of the individuals under consideration. This

clearly does not generically occur.

A.2 Calculations for Example 3 (Chetty et al. 2013)
A.2.1 Marginal Tax Rate Calculations

In example 3, we rely on rough calculations regarding the ex-EITC marginal income tax
rates for those with incomes in the phase-in and phase-out regions of the EITC. Here, we
explain how we determined those numbers.

The EITC is based on adjusted gross income (AGI). Income tax liability is based on tax-
able income. For this group, taxable income is usually AGI minus the standard deduction

(which in 2008 was $10,900 for married taxpayers filing jointly, $5,450 for married filing

1t is straightforward to rule out corner solutions with assumptions on the tax schedule and utility.
g P Y-
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separately or single filers, and $8,000 for heads of household) and minus personal exemp-
tions (which in tax year 2008 were $3,500 for each tax filer and qualifying dependent).

Phase-in range. In the tax year of 2008, the phase-in range was from AGI = $0 to $8,580
for households with one child. For single households with one dependent, which are
the focus of our and Chetty et al.’s (2013) analysis, taxable income exceeds zero when
AGI exceeds approximately $12,450. Thus, there is no tax liability until after the phase-in

region ends. We conclude that the ex-EITC marginal income tax rate is zero for this group.

Phase-out range. The phase-out range began at $15,740 and ended at at $33,995 for sin-
gle taxpayers with one child. Because income tax liability starts at AGIs much below the
beginning of the phase-out ranges, incomes in this range would be taxed either at the first
marginal tax rate, which was 10% for all filing statuses, or at the second bracket’s marginal
tax rate of 15%, again for all filing statuses. The second bracket began at a taxable income
of $8,025 for single filers, which implies an AGI of $20,475 ($8,025 + $12,450). The third
bracket, with a marginal tax rate of 25%, begins at a taxable income of $32,551, which is
an AGI of $45,001. Because this is above the EITC region, it never applies. Knowing the
fraction of taxpayers who would be at 10% and how many would be at 15% requires mi-
cro data or making assumptions about the distribution of AGIs among this population by
tiling status and number of dependents. Based on aggregate tax statistics, we expect that
about half fall into each bracket, which implies an average marginal tax rate for this group
of about 12.5%.

A.2.2 Welfare Analysis of Pooled Policy

To assess the impact of a pooled policy that informs all affected taxpayers about the EITC,
regardless of whether they were in the phase in or phase our regions, we start with equa-
tion 13. We require that expression to be greater than zero:

/ [(1 — ' )MTR’ + mxfﬁz} Cc%di > 0.

There are two groups for whom we have separate causal estimates, which allows us to

write equation 13 as a weighted sum.

. . L~ . —~——out
¢in (1 . 1/]“1)MTR”L 4 w’m’MTRln:| dyl’n T ¢out |:(1 o 77Dout‘)1\4#[11{0’!115 + ¢OutMTRou :| dyout >0
(43)
where 1" and 1/°“ are the average welfare weights of those in the phase-in region, and

phase-out regions, respectively, and ¢;, = 0.178 and ¢,,; = 0.234 are the shares of wage
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earners with non-zero earnings in these two regions in the year after birth in this sample.

Inserting the marginal tax rates for each group as discussed in the example, we get:
Gin (1 — ™) (—0.34)dy™ + dour [(1 — 1) (0.285) +1°*(0.125)] dy®™ > 0.  (44)

where dy™ and dy°“ are the changes in income for the two affected groups.
Chetty et al. (2013) provide direct causal estimates of ¢;,(—0.34)dy" = —86.90 and
Gout (0.16)dy°"* = —37. Inserting them into the inequality, we obtain:

(1 —=4")(=86.90) + (1 — ) (=37) + dour(0.125)dy’"* > 0. (45)

Next, because ¢yt (0.16)dy°" = —37, it must also be true that ¢y (0.125)dy"t = —37 x
12.5 _

5 = —289. Inserting this and simplifying, we get:
(1 — ™) (—86.90) + (1 — ¢°")(—37) — 28.90 > 0
0.797 +0.30" > 1.23. (46)

We conclude that educating both groups of taxpayers simultaneously is socially beneficial
if the weighted average social welfare weight 0.7¢7 + 0.3y" is greater than or equal to
1.23 (abstracting from the direct costs of such an information campaign, which are likely
to be small).

A.3 Optimal Taxation
A.3.1 Optimal Redistribution

The multi-dimensional nature of individual decisions requires us to make assumptions
that are restrictive, but which resemble those elsewhere in the optimal taxation literature.
For simplicity, we start by assuming that individuals’ income-earning choices (z*) respond

to changes in their marginal tax rates but not to the level of their tax burden.

Assumption 5. The perceived marginal tax rate on decision j, T; (x', k,n), is a smooth function
only of k, @', and the true marginal tax rate on that decision, Tj (x', ).

We relax this assumption in Section A.3.4. For now, we note that ruling out “income
effects” in labor supply is common in the optimal tax literature, but is more restrictive
here. For example, it rules out “ironing”, because ironing involves individuals responding

to their average tax rate, which is a function of the level of their tax burden.
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In addition to Assumptions 1 and 5, we also adopt two further assumptions to ensure

tractability of our analysis of optimal taxation.
Assumption 6. Decision utility has increasing differences in x and 0;. Specifically:

* The net decision utility gain from each decision x; increases with each other decision, x .

yij (@) — Tjjr (' k) — xj (2" | 67) >0 (47)

* The net decision utility gain from each decision x; increases with an individual’s type, 0':
ie., Ox;j(x'|0")/00" <0 forall i and x.

Assumption 7. Higher types experience lower total disutility given the same decision vector, x:
forall , x(x | 6") < x(z | 6") if 6 > 67 .

These are very similar to the standard Spence-Mirrlees condition (Mirrlees, 1971) in
that they ensure that higher types always make decisions that result in higher incomes,
and that welfare weights decline uniformly with income. However, they also imply that
an individual with a higher type (6;) chooses a higher value of z; for all j. In other words,

individuals” decisions have the same ordering on every dimension.

Lemma 2. Given Assumption 6, x is monotone increasing in 0;. Thus, an individual with higher
0; has both higher x; and higher x; for all j and j'.

This monotonicity implication is also an attribute of other analyses that feature multiple
taxpayer decisions. For example, Ferey et al. (2021) require it for their analysis of cap-
ital and labor income taxation.*> That said, we also acknowledge that it is restrictive.
Nonetheless, without an assumption of this kind, general multi-dimensional heterogene-
ity makes the analysis of optimal taxation much more complex.

The analysis is surprisingly tractable with these assumptions because it allows us to
separately consider two distinct types of reform. We start by studying redistribution from
higher types to lower types (see also Section 5.1). The result is an optimal tax condi-
tion that is similar to Mirrlees (1971) except that it features a correction for the internality
(Proposition 5). In Section A.3.3, we then continue by examining whether and how tax
rates should be set on different income-generating activities, holding fixed the overall
amount of vertical redistribution.

#Ferey et al. (2021) point out that an alternative way of viewing this is as a restriction on the class of tax
systems, ruling out those that cause higher types to engage in more of some activities but less of others. In
their context, for example, this is the set of tax systems under which higher earners save more.
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To study the effect of redistribution on social welfare, we consider reform that raises
the tax burden of individuals with income greater than some fixed threshold, y*. This
produces a small change in the marginal tax rate for individuals at y* without any change
to the marginal tax rate elsewhere. Specifically, individuals at y* see their marginal tax
rate raised by:

() g = TE LTy, 48)

whereas all other individuals see no change in their marginal tax rates.

Because decision utility is quasilinear in consumption and the perceived tax rate at
each level of income is unaffected by changes in the marginal tax rate elsewhere, only
individuals at y* respond. The elasticity of these taxpayers’ taxable incomes is given by
equation 39. Finally, the cumulative distribution function for income, H(z), and the cu-
mulative welfare function, ¥(z), are defined in equation 40. Note that, because the wel-
fare weight 1" is decreasing in ' and 3’ is strictly increasing in ¢, the cumulative welfare
weight below any finite level of income is higher than the population weight. This in
turn implies that ¥ (y) > H (y), so that redistribution from high-income individuals to
low-income individuals weakly raises welfare, all else equal.

Proposition 5 presents the main result regarding how optimal average marginal tax
rates should be set at each level of income. Equation 41 is a first order condition for
the planner that is similar to Mirrlees (1971), and is closely related to Gerritsen’s (2016b)
optimal tax condition when individuals choose only their overall level of income.

The main difference from Mirrlees (1971) is that the left-hand side of equation 41 con-
tains an internality correction. If average actual and perceived marginal tax rates coincide,
very little is new. But, in general, the planner balances a weighted average of the actual
and perceived fiscal externalities in much the same way as for optimal taxpayer education
in Section 3. Assuming that perceived marginal tax rates move in the same direction as
actual tax rates when they are changed, a positive internality when taxpayers earn more
(which again occurs when MTR > MTR") means that marginal taxes are optimally set
lower than the standard formula would imply, all else equal. This is because lower taxes
stimulate effort, which has a benefit to taxpayers that they do not anticipate. Conversely,
a negative internality (when MTR < MTR") implies that higher taxes are optimal.

The extent to which the planner should take into account the internality depends on
the welfare weight, ¢*, of individuals at each level of income, y*. If )* is very low—which
is often assumed to be the case at very high levels of income—the internality is heavily
discounted, and only the fiscal externality matters. Equation 41 is largely the same as
Mirrlees (1971) in that case. By contrast, if ¢)* is very high, the planner has a strong motive
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to keep actual and perceived marginal tax rates close to each other.

There are also more subtle differences from Mirrlees (1971) embodied in equation 41.
First, the elasticity of income is a summary statistic for a multi-dimensional response
across many activities. Second, the average marginal tax rates (true and perceived) weight
together the responses of all the various decisions using the share of the response that
comes from each decision. Both the elasticity of income and the average marginal tax

rates differ depending on the specific perturbation being considered.

A.3.2 Anatomy of the Behavioral Response

An individual’s behavioral response depends on the true tax system only via her per-
ception of it. It is therefore important to understand how changes in the tax system are
perceived. To study this, consider the same perturbation that we evaluated in Section 5.
This was characterized by a size, 1, and a direction, 7 (z*). With this change to the tax

schedule, the change in the marginal tax rate on z; is given by equation 49.

dr (x*)

7j (") dn = —

—dn (49)
J

The perceived tax system can be similarly parameterized. The size of the reform is still 7,
but the direction may differ. Specifically, we can write the perceived tax system as follows.

T (x* k,n) =T (x*, k) + 07 (=, k) (50)

The change in the perceived marginal tax rate is then given by equation 51.

- dr ()
(¥ = 1
7 @)= 51

Responding to this change in perceived tax rates, individuals at y* changes their vector

of decisions as follows:
d7(z*
e )d
do* = H (x*) " x dT* = H () : (52)
d?(w*)dn

E3
dxjz)
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The change in income is therefore given by equation 53.

@) o) [det = @) g @) [ @) P | (59)

The fiscal externality from this re-optimization is given by equation 54.

[ Ti(@) . T () [det = | Ti@) T M@)o

(54)
In general, neither the fiscal externality nor the change in income are easily signable.
Even in the benchmark cases we consider below, in which perceived marginal tax rates
change in particularly uniform ways, complementarity between different decisions can
reverse the sign of behavioral impacts. This is an important difference from simpler set-
tings in which individuals make a single decision such as how much to earn or consume.
Beyond these cases, perceived tax rates need not follow actual tax rates in such a simple
way. For example, introducing additional complexity into the system may make it more
confusing so that perceived and actual rates drift further apart. Alternatively, individuals
may pay more attention to higher tax rates, so that raising rates leads to an unexpect-
edly large negative fiscal externality. Or any change to the tax system might reduce £ by
making old knowledge obsolete. Nonetheless, two special cases are insightful.

Special Case 1. Suppose that we make a change to the true tax system such that perceived
marginal tax rates fall in proportion to their existing marginal tax treatment, 7j (x*). This
would be the case, for example, if marginal tax rates on all decisions are equally salient,
and the perturbation reduces T (x*) proportionally across all activities. In this special

case, the change in perceived marginal tax rates is:

T (27) (55)

where )\ is a constant.
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This means that the impact of the behavioral response on tax revenue is as follows.

T1 (m*)
FE= | T (") ... Tg () |HE@)" | | (56)
Tig) (=)

Since H (z*) " is negative definite, this has the opposite sign of sign of A\. Thus, if per-
ceived rates increased from a positive level, government revenue falls from this behavioral
response. In summary, a perceived proportional reduction in marginal tax rates leads to a
predictably positive fiscal externality.

Even within this special case, misperception of marginal tax rates may have impor-
tant implications. For example, individuals may under-react or over-react to changes in
marginal tax rates. If they under-react, then A may be very small. In turn, this implies a
small fiscal externality. Over-reaction is also a possibility.

Special Case 2. If the true tax system is changed such that perceived marginal tax rates
fall in proportion to the slope of the income function, y; (z*), then the income response is
similarly signable. Finally, note that for a harmonized tax system in which the marginal
tax rate, T (x*) /y; (z*) is constant across all activities, the two special cases are iden-
tical. The fiscal externality and income response are then signable under the same cir-
cumstances: Intuitively, the sign of the income response suffices to calculate the fiscal
externality if all activities are taxed at the same rate.

A.3.3 Relative Tax Rates

We next characterize the optimal tax treatment of different activities relative to each other,
holding fixed the overall amount of redistribution from higher to lower types. Proposition

6 presents the main result in its most general form, which we build on below.

Proposition 6. Consider an arbitrarily small reform that raises the tax burden on individuals with
xj >« and reduces the tax burden by the same amount for those with x; > x7,. Letting n) index
the size of the reform, the welfare impact is proportional to:
" v e
(1—4*) MTR* + MTR] - (57)
n

Given Assumptions 1, 5, 6 and 7, a necessary condition for the tax schedule to be optimal is that
expression 57 equals zero.
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The policy change considered in Proposition 6 does not mechanically redistribute be-
tween between types. Nor does it change the rate at which the tax burden, T'(x) increases
with total income, y(x). However, it will in general lead individuals to re-optimize their
decisions, because it changes the marginal tax rates that apply to decisions x; and ;. This
again produces a fiscal externality and an internality.

To understand the implications more deeply, it is helpful to start with a special case in
which we adopt the same separability assumption as in Section 3.10 (Assumption 2), com-
bined with an additional assumption (Assumption 8) that the marginal tax rate changes
implied by Proposition 6 are equally salient.

Assumption 8. The changes to the marginal tax rates on x; and x; in Proposition 6 are equally
salient so that taxpayers do not (mistakenly) perceive that the reform mechanically changes the rate
at which T (x*) increases with y(x*).

These two assumptions jointly ensure that no type, ', perceives any change to the
amount of tax that they would pay if they adopted the same vector of decisions as before,
or if they adopted the vector of decisions chosen by any other type. In turn, this means
that the reform does not introduce an incentive for any type to change the level of income
that they earn. Rather, the only thing it does is change how they earn that income.

In this special case in which no type changes their overall income, it can be shown
that equation 57 holds when the weighted average, W; = (1 —¢*) MTR] + 1/1*1\//[\TT€, is
constant across the various decisions. To see why, we can simply rewrite equation 57 as
the following summation:

dx *

y [(1 — ") MTR} + ¢*MTRj] yj (&) 2 = Constant x 7
JjeT

0 (58)

The first equality holds because (1 —¢*) MTR] + w*l\//i\TT{;k is a constant, while the second
follows because incomes do not change. This result is formalized in Proposition 7 (i).
This is a very simple and important result. Its policy implications and their depen-
dence on 9* echo our results for optimal taxpayer education. There are three key bench-
marks. First, if taxpayers at y* have a very low welfare weight—which may be true at very
high incomes—the planner equalizes actual marginal tax rates across the income sources.
This maximizes the revenue that can be extracted from these taxpayers. Second, perceived
tax rates are equalized if the marginal social welfare weight is one, in which case the fiscal
externality and internality are equally weighted. This ensures overall efficiency in the al-
location of effort. Finally, if ¢* is very high, the planner equalizes the internalities across

the decisions, because reducing the harm from the internality is much more important
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than government revenue at the margin. Outside of these three situations, the weights are
in between these three special cases.

Proposition 7. Suppose W = (1 —¢*) MTR] + @D*ﬁ?j is equalized across decisions j € J.

(1) If Assumption 2 (separability) and Assumption 8 (equal salience) both hold, then the welfare
gain in expression 57 is zero.

(i) If Assumption 2 holds but not Assumption 8, the welfare gain has the same sign as W if the
change to the tax rate on x; is less salient than the one for x y—and the opposite otherwise.

(iii) If Assumption 8 holds but not Assumption 2, the welfare gain has the same sign as W if
higher types earn more of their marginal income via x; rather than x;, compared to what
lower types would choose if they increased their incomes—and the opposite otherwise.

Beside the special case in which Assumptions 2 and 8 hold, Proposition 7 provides two
reasons, (ii) and (iii), to diverge from a tax system that equalizes the weighted average dis-
tortion in expression 57. First, if changes in the tax treatment of some decisions are more
salient than others, individuals may perceive that there was an increase in the rate at which
the tax burden increases with income even though there was not in reality. This would
change the perceived incentive to earn a higher income. Assuming that the weighted dis-
tortion, W]’-", is positive so that an increase in income raises welfare, the planner would
therefore be able to reap an efficiency gain by shifting the tax burden toward decisions for
which taxes are less salient: Doing so would preserve the amount of redistribution while
causing individuals to perceive the tax system as less distortionary than before.

Second, individuals with different types may differ in their preferences regarding how
to earn a given level of income. Incomes then change in response to the reform in Proposi-
tion 6, and it is again optimal to choose a tax system that does not equalize the distortion
across activities. Assuming again that the weighted distortion (IW}) is positive, there is an
efficiency gain from shifting the marginal tax burden toward activities that are intrinsically
preferred by higher income individuals. Essentially, such innate differences in preferences
allow the social planner to redistribute more efficiently by “tagging” high types using the
composition of their incomes. It is precisely this type of tagging benefit that is ruled out
by Assumption 2 (separability).

To consolidate these intuitions, consider a concrete example.

Example 5. Let x' be comprised of labor supply (x}), and working to upgrade a house to sell it
for a capital gain (x%). If Assumption 2 (separability) and Assumption 8 (equal salience) both
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hold, setting marginal tax rates such that equation 59 holds ensures that there is no welfare gain to
changing them.

(1—¢*) MTR; + ¢*MTR, = (1 —¢*) MTR, + 4*MTR, (59)

For an individual with very low welfare weight (1* close to zero), this implies that the true marginal
tax rates on the two activities are equal, so that there is no tax advantage to shifting effort between
#' and x%. For a taxpayer with the average social welfare weight (' = 1), perceived marginal tax
rates are equalized, so that neither is perceived to be tax-favored. For those with very high welfare
weights (1" — 00), the gaps between the actual and perceived tax rates are equalized.

Relaxation of Assumption 8 changes this rule. For example, if an increase in the marginal tax
rate on x is less salient than a decrease in the marginal tax rate on x%, this introduces a reason to
increase the marginal tax rate on x%. Relaxation of Assumption 2 introduces an incentive to tax
activities that are intrinsically preferred by higher income individuals.

A.3.4 Allowing for Non-local Responses to Tax Reforms

We now generalize the analysis to incorporate non-local responses to tax reforms. Unlike
in simpler settings without misperceptions, there are two reasons why an individual may
change her behavior in response to a reform that does not affect her marginal tax rates.
First, there may be traditional income effects if we relax the quasilinearity of the utility
function. Second, a taxpayer’s perception of her marginal tax rates may change even if
her true marginal tax rates do not.* Importantly, there is no need to distinguish between
these two distinct mechanisms for the purpose of welfare analysis.

We allow each individual to respond to changes in the level of her tax burden as well
as her marginal tax rate, replacing Assumption 5 with Assumption 9. This is sufficient
to accommodate the “ironing” heuristic, in which an individual mistakenly responds to
her average tax rate as if it were her marginal tax rate. This has no impact on our results

regarding relative tax rates, but does affect the optimal amount of redistribution.*”

Assumption 9. The perceived marginal tax rate on decision j is a smooth function of k, x', the
true marginal tax rate on that decision, T; (z*,n), and an individual’s tax burden, T (7).

With this change to our assumptions, it becomes necessary to introduce two new pieces

of notation. First, the compensated response of taxpayers at y* to changes in their marginal

46In practical applications, the size and composition of non-local responses to tax reforms will depend on
the budget adjustment rule (see Reck 2016) that individuals follow when they misperceive the level of their
tax burden, but this does not change the sufficient statistics formulas below.

#Note that the welfare weights must be interpreted more carefully with non-local responses: The average
weight is not one, because a universal lump sum transfer induces a fiscal externality (and an internality).
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tax rate (holding fixed their tax burden) is €. Second, the “income effect” for taxpayer ¢
(holding fixed her marginal tax rate) is 7".

. 1 — MTR* dy;
7,

e, = dyl

—7(x")dy

(60)

C

- (1 — MTRZ‘)

(2*)=0 Ty(2%)=0

Using this notation, the optimal amount of redistribution is given by Proposition 8.

Proposition 8. With non-local responses, a necessary condition for T(z") to be optimal, given

assumptions 1, 6, 7 and 9 is that the average marginal tax rate at y* is such that equation 41 holds:

(1—¢*)MTR* + *MTR 1 ¥ (y*) — H (")

= _ 61

1 — MTR" er y*h(y*) (61)
[T w)MTR YYMTR” nvh (y) dy
" 1—MTRY exh (y*) y*

. . o Yy
where Y is the welfare weight of individuals at y; MTRY and MTR" are the average actual and
perceived marginal tax rates at y; and n? is the income effect for taxpayers at y, respectively.

Equation 61 has very similar intuition to the version we obtained when we assumed
that responses were local. However, it takes into account the fact that a higher marginal
tax rate at y* increases the tax burden for individuals at higher levels of income. With
traditional income effects, we would expect this to cause a positive fiscal externality as
taxpayers at higher incomes increase their labor supply. However, this need not be the
case here. For example, the ironing heuristic would suggest that incomes might fall. This
is because a higher tax burden implies a higher average tax rate, which an ironing taxpayer
mistakenly responds to as if it were her marginal tax rate.*® An additional difference is
that the impact of this re-optimization on social welfare again involves a weighted average

of perceived and actual fiscal externalities.

48See Rees-Jones and Taubinsky (2020) for a quantitative analysis of taxation with ironing taxpayers.
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B Proofs

(For Online Publication)

Proof of Proposition 1. The unidimensional case is most straightforward. The first order

impact of knowledge on individual welfare in this case is:

IN = ¢ [ﬁﬁzi - MTRi} yi(a')dat
ot

X o (62)

= (z') " x [Tl(mi |k, T) — Tl(mi)]

Since ' has only one element, H' (z) is simply the second order condition. It is strictly

negative at a local maximum. The welfare weight is positive. Finally, 71 (x* | k, T) — T} (z")
is assumed to have the opposite sign of %—T,}. Thus, IN is positive in equation 62.

Next consider the case in which utility is additively separable in each decision. In

this case, H* (a:z) is diagonal, and so is its inverse. In turn, we are left with an equation

equivalent to 62 for every decision, j.

oT;

IN =% (z) " x ¢! [Tj(a:i |k, T) — Tj(mi)] x o

(63)

Precisely the same logic as before applies here, so that IN is positive.
Finally, consider the case in which 1\//I\TT{; — MTR} is independent of j for any value of

k, and define M (k) = l\//ﬁf{; — MTR; as that wedge.

INxdk=¢' } [Mﬁj — MTR;’} yj(@')dz! (64)
jeT
= "M (k) x Y. yj(mi)dx;l (65)
JjeT

Next, observe that M (k) being constant across all decisions for all £ implies that % /yjis
constant across all decisions. Define C as that constant. Letting g = [y1(2), ..., y,7/(z")],

we can write IN x dk as:

-1

IN x dk = 'M(k)C x g x H' (z') x g (66)

Since @' is a locally unique utility maximizing choice, H' (') is negative definite. This

implies that g x H! (:ci)fl x y' is weakly negative. Just as before, the welfare weight is

positive, while M (k) and C have opposite signs. Thus, IN is weakly positive. O
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Proof of Proposition 2. We start from social welfare as defined in equation 6 of Section 2,

which we restate here for convenience:
WET) = [W (@) - T(a") - x(a | 87) di — C(k) (67)

Assumption 1 ensures that 2’ responds smoothly as k changes. Thus, we can differentiate
W(k,T) with respect to k to obtain the direct first-order impact of a marginal increase in
knowledge on social welfare. When we do this, we obtain:

o da
/W’ U x Y (yi(= (2" | k,T) — x;(z" | 6)) dk]dz (68)
JjeTJ

Combining this with the first order condition (equation 3) and using the definition of the
welfare weight, we obtain the internality.

o da'
A/szjej Tj(a' | k,T)) dkjdz 69)

Converting this to government dollars by dividing by A, and using the definitions of the
actual and perceived average marginal tax rates, we obtain the internality term (integrated

over the population).

/ i (MTRi(:ci) _ MR (' | k. T)) Cfg{ di (70)

Next, there is the impact on government revenue via the resource constraint, which is

comprised of the direct cost and the fiscal externality.

/(ZT Z\kT%)di—C’(k) 71)

JjeT

Using the definition of the average actual marginal tax rate, we obtain:

/ MTR! (z dy i~ C'(k) (72)

Combining this with the internality term, we obtain the change in welfare, AW, stated in

Proposition 2 (equation 13). O

51



Proof of Example 2. The only statement in example 2 that requires proof is that dzo/dk > 0,
since equation 18 follows directly from equation 8.

In this example, totally differentiating the first order conditions leads to the following
equation for the change in decisions.

yin — T —x1u vz — T2 — x12 dog | PO o 73
dxo _ (9_1:2 - afz ( )

yi2 — T2 — x12 Y22 — To2 — X22 i o ak

Inverting the matrix on the left, we obtain equations for the changes in z1 and 3.

dry _ —y12 + Tha + x12 (8@) -
dk <y11 — Ty — X11> <y22 — Tho — X22> _ (y12 T X12)2 ok

dry yi1 — T — x11 T,
dk ~ ~ ~ 2\ ok (75)
(yu T — X11> (yzz —Toy — X22> — (y12 —Thio — X12>

Since H (') is negative definite, the denominator in both expressions is positive, while
the numerator of dra/dk > 0 is negative. We know that 9T/ 0k < 0 because Th(x') <
To(x' | k,T). Thus, dzo/dk > 0. O

Proof of Example 4. First, observe that we can rewrite the wedge, w;- = 1\//I\TT{; — MTR; as a

function solely of 1\//[\TT{; and MTR'.
w; = MTR; — MTR; = (1-4d) MTR; — (1—4d) MTR’' (76)
Next, recall that the change in the decision vector, x', is:
do' =M (2') ' x dT" (77)

Since knowledge proportionally reduces w, the jth element of dT" = —y;(z') x w} x r for

some constant 7, 0 < r < 1. Since 1)’ = 1, the effect on welfare is:

/

Ni . NZ - . . 71 . . . .
- MTRlyl(m’), cee ,MTRJ|y|j|(m’)} H' (a:’) [yl (mz)wi, ces ,y‘j|(ml)w|lj|} (1 - d)?“
(78)
Next, there is a fiscal externality from any change in i’s overall income:

MTR' x [yi(@'),...,y7(@")] x H' (2') "' x dT¥ = MTR' x dy (79)
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Subtracting this from the change in welfare in equation 78 and adding it back in yields:

AW = —gH (2') " §/(1 - d)r + MIR x dy (80)
N ~ g N———
Reallocation Overall
where: ' ‘
~ . —~—1 J—. . —1 .
¥ = |y1(z")(MIR, —MTR), ...,y 7/(z') (MTR, ;| — MIR') (81)

H (x') ! is negative definite because ' is the locally utility maximizing choice; and 0 <
r < 1 by assumption. Thus, the reallocation term in equation 80 is positive if d < 1,
negative if d > 1, and zero if d = 1. The fiscal externality from overall effort is proportional
to the change in overall income, and zero if dy = 0. This concludes the proof. O

Proof of Lemma 1. Maximizing over possible choices of ' amounts to the following La-

grangean.

ey (o) = (o) = x (2) = % (0 (=) | 0) o (o)

The first order condition for choice j is y; — T — x; — X;yj = M\y;. Re-arranging, this
implies that the trade-off between good j and good j' is pinned down by: (T} + x1)/ (T2 +
x2) = y1/y2. This is independent of i. O

Proof of Proposition 3. The proof will involve three steps. First, the perceived tax schedule
will be replaced with another which is harmonized, and which leads to the same per-
ceived utility at each level of income for all individuals. Second, the true tax schedule will
be adjusted so that true utility is the same for each individual as it was before harmoniza-
tion. Third, we show that revenue strictly increases for the government. This additional

revenue can then be returned as a lump sum to construct a strict Pareto gain.

Step 1: Let V;(T) be the perceived indirect utility of individual ¢ given the original per-
ceived tax schedule T (z"):

Vi(T) = maxy(zx) - T(x) - x () — X (y () | ') (82)

Let z* be the solution to that, so that income is y («*) and the tax burden is T'(x*).
Starting from that point, replace T'() with a harmonized perceived tax schedule 7°(y(x))
and let V;(T°) be the perceived indirect utility given this new tax system.

Vi(T°) = maxy (@) = T° (y (x)) — x (z) = X (y (z) | #") (83)
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As before, let ' be the solution. Income is y (). The perceived tax burden is 7°(y(z")).

Observe that there are many such harmonized perceived tax schedules. We choose
the unique such tax schedule such that V;(7°) = V;(T) at the same level of income, y(z*).
Clearly, the focal individual is then indifferent and has no incentive to change their income
level. Moreover, since any other individual would choose the same vector of decisions x
if they were to earn y(x*), this replacement of the tax schedule does not provide any

individual with an incentive to change their income level.

Step 2: The new perceived marginal tax rate is the same across the various decisions un-
der this new tax system (unlike before). This will ensure that the individual earns the
same income more efficiently than before. Our next step will be to show that this in turn
leads perceived government revenue to increase. The higher level of perceived government
revenue can then be used to construct a perceived Pareto gain.

To prove this, suppose (subject to contradiction) that some individual can get at least

as much perceived utility given the same choices as before, =*. Then they would get:
y (@) =T (y (z") — x (z*) = X (y (") | ") (84)

But their first order conditions are different given this new tax schedule. They would
pick a different bundle (i.e., ' # z*) and their utility would be strictly higher. That is a
contradiction, because we constructed this tax schedule such that V;(To) = V;(T) Thus,

they must perceive that they would have lower utility given their old decision vector.

y (") =T° (y (x) = x (&) =X (y (=") | 0") < Vi(T) (85)

y(@) = T(y(a") = x (')~ X (s (=) | ) < y(a*) — T(2") - x (") — % (y (") | )
(86)
which implies that T'(z*) < T°(y(*)). Thus, since y(x*) = y(z!), we have our result that
perceived tax revenue is higher under the neutral tax system: 7°(y(z')) > T(z*). This
is true for all individuals, so it is true in aggregate. Finally we use the perceived surplus
revenue to provide a non-distortionary lump sum transfer, T, that increases utility for all
individuals. Letting 77 (y(z")) = T°(y(x")) — T, we have constructed a perceived Pareto

gain without a perceived decrease in government revenue.

Step 3: Our final step is to construct a true Pareto gain in addition to the perceived again.

The process is very similar to Step 2. First observe that the perceived utility of each indi-
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vidual is equal under 7°(y(z')) and T'(x*). This implies that:

y(xh) = T°(y(x")) — x(=") — R(y(=") | ") =y(z*) — T(x*) — x (") — X (y (=*) | ")
T°(y(z")) - T(z*) =y(a') — x(z) - R(y (") | %)
—y(z*) +x (&) +X (y (=) | 6")  (87)

.

Since T°(y(z")) > T'(x*), we know that:
y(@h) = (@) =y (@) 10') —y(@) +x (@) +X (y (@) [0) >0 (88)
Now, the requirement for the individual’s true utility to be unchanged is:

y(@h) = TT(y(a)) — x(zh) = R(y(x") | ') =y(a*) = T(z*) — x (z*) -
t

where the final inequality follows from above. This implies that T (y(z")) > T(z*). In
other words, the government can raise additional revenue from each individual and leave
them equally well off. This is true for all individuals, and thus also in the aggregate.
Finally, it can use the surplus revenue to construct a real Pareto gain. O

Proof of Lemma 2. This is a straightforward application of Topkis (1978). O

Proof of Proposition 4. We start from social welfare as defined in equation 31 of Section 4,

which we restate here for convenience:
= [W (@) - T(@) ~x(@' | ) - 6' (" 9)) di (89)

Assumptions 3 and 4 ensure that the individual is initially indifferent between remaining
at a’ = 0, or slightly increasing it. Assumption 3 then further ensures that a' increases
smoothly as 3 increases. Assumption 1 means that =’ responds smoothly as a’ changes.
Unlike before, the response is of ! is uncertain. Nonetheless, we can differentiate
W(3,T) with respect to 3 to obtain the expected first-order impact of a marginal increase
in knowledge on social welfare. Note that the direction is important here: 3 is increased.
While lowering 3 would reduce the incentive to acquire knowledge, there is no mecha-

nism in the model allowing knowledge to fall.
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When we differentiate the first three terms with respect to 3, we obtain the impact of

changes in ' on individual i’s utility, aggregated across all individuals:
/W’ (U) x ¥ (yi(@) = Ty(a' | po) = x;(a’ | 6)) E (dx) (90)
JjeJ ! B

where Eg(dx§/ df3) is the government’s expectation of the response of = to a marginal
reduction in the cost of acquiring knowledge.
Combining this with the first order condition (equation 3) and using the definition of

the welfare weight, we obtain the internality.

~ . da:i
A/f“m T | p)) E, (dﬁ)dz ©1)

Converting this to government dollars by dividing by A, and using the definitions of the
expected actual and perceived average marginal tax rates, we obtain the internality term

(integrated over the population).
/m (MTRg(mi) — MTR, (a' |p0)) @(i%)di (92)

where MTRY (x') and ﬁﬁi(wz | po) are the expected marginal tax rates as defined in the
statement of the proposition.

Next, there is the mechanical change in knowledge acquisition costs for each individ-
ual (dividing through by ).

- [vie' () di 93)
i

Finally, we have the impact on government revenue via the resource constraint, which

is comprised of the direct cost and the fiscal externality.

/(ZJT " po)E (Z"Z))dz C'(8) (94)

Using the definition of the average actual marginal tax rate, we obtain:

i dy’\ .
/MTR (Cw)dz—C’(ﬁ) (95)

Combining this with the internality term and the mechanical costs to individuals, we ob-

tain the change in welfare, AW, stated in Proposition 4 (equation 33). O
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Proof of Proposition 5. We start by characterizing the effects of an arbitrary tax reform of
size . Such a reform may change each individual’s tax burden, their marginal tax rate and
government revenue. We first compute these impacts, and then study the implications for

welfare.

Tax burden: First, the effect of the reform on individual ¢’s tax burden is:

dT (z! . Cdat
TED o)+ () 00
dry iy gl

where T} (,7) is individual ¢’s initial marginal tax rate with respect to decision x;.

Marginal tax rates: The effect on this individual’s marginal tax rate for decision j is:

it/ Sl A + Tio (28, ~) —2 97
&y 7j ("B> j;}j; i ("B 7) dy 97)

where T/ (wi, 'y) is the effect on this individual’s marginal tax rate for decision j when
decision j' increases.

As above, these summations take into account the fact that the effect of the reform on tax
liability and the marginal tax rate depend on the responses of all decisions, in addition to
the direct mechanical effect of the reform itself.

Government revenue: The government budget constraint is:

B— /I T (a,7) di (98)

so the effect on government revenue is as follows:

B . N
%:/I[T(a:)—FjEZJTj (w,’y) d—;] di (99)

Welfare: The direct impact on welfare of the reform is:

- /Iwi <r (@) + ¥ (7 (@7) = T (2, k,7)) %) (100)

jeJ
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and the total effect on welfare, including the fiscal externality, is:
dW da:l’
— = Ty ( di
dry /z [ )+ Z dy ] Z
—/wi T(wl)—l—Z(T(:I)Z 7)—T(wzk7)>% di
T . J ) ) vy d’}/

jeJ
:/ (1-9") 7 (2" (101)
+/ ZT ”y—j]dz /w( ') - T(aziky))dﬁ')di
| A )
Fiscal Externality Internality ’

Specific perturbation: We next study the optimal amount of redistribution by studying a

particular perturbation which raises revenue from the rich and returns that revenue as a
lump sum (after netting out any loss due to the fiscal externality). Specifically, let 7 (z) = 1
if x > x* and zero otherwise. This produces a small change in the marginal tax rate for
individuals at y* without any change to the marginal tax rate elsewhere. Individuals at y*
see their tax rate raised by:

T(x* +dx) — 7 (x*) dy

my () dy = i dy = oy

(102)

whereas all other individuals see no change in their marginal tax rates.

Since decision utility is quasilinear in consumption and the perceived tax rate at each
level of income is unaffected by changes in the marginal tax rate elsewhere, only individ-
uals at y* respond. By contrast, resources are taken from all individuals with greater than

that level of income. Thus, we can rewrite the change in welfare as:

aw -
oy | — ) di+
dry /I:yi>y* ( 4 ) ! Lyt=y*

_/I;yi:y* v’ (Z (T (®',7) =T (', ’m)) d—3> di (104)

JjeJ

Z

—J 103
d (103)

At any given level of income, we know that individuals are identical because a;i in-

. . — 1
creases strictly with §’. Combining this fact with the definitions of MTR" and MTR , we
can write the actual and perceived marginal tax rates of individuals at y* as MTR" and

MTR . Similarly, let the change in income at y* be dy*/dy and the welfare weight at that
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level of income be ¢*. Then we can rewrite the welfare change as:

d . i dy
aw _ /  (=yDdit [ [(1 — *)MTR* + *MTR } Y_di (105)
dry Ty >y* Tryt=y* dry

We obtain the final expression for the change in welfare by rewriting this in terms of
the income distribution and using the definitions of ¢;, H (y), ¥ (y) and h(y).

AW (1—¢*)MTR* + ¢*MTR

— =Y () -H(y")— Y h (Y 106

™ (v*) —H (y") T VTR x egy"h (y*) (106)
Setting this welfare change equal to zero yields the equation in the proposition. O

Proof of Proposition 6. How should the marginal tax rate on various decisions compare to
each other, holding the distribution of resources across individuals fixed?

To address this, consider a level of income, y*, which corresponds to a unique =* vector.
As in the proof of Proposition 5, we will consider a reform of size - in a particular direction
(see the proof of Proposition 5 for details of the approach in general). Specifically, it does
two things simultaneously. First, it raises the marginal tax rate on z; exactly at £*. Second,

it lowers the marginal tax rate on z; at *. In summary, the direction of the form is:

0 if vj > x7 and 2y > 27,

T (:cl) _ -1 ifz; < :17; and xj > x;, (107)
1 if zj > 27 and 2y < x}@
|0 ifz; <ajanday <o

There is no mechanical redistribution here. Using the fact that individuals only re-
spond locally, the impact on welfare is:

*

/ [(1 _MTR" + o*MIR | % g
Liyt=y* dry

Since individuals at a y* are identical, this yields the expression in the proposition. O

Proof of Proposition 7. Since W = (1 —¢*) MTR] + w*l\//I\TT{: is assumed to be a constant
initially, expression 57 implies that the welfare gain has the same sign as W} if income
rises, the opposite sign if income falls, and is unchanged if incomes do not change. Thus,
it suffices to focus on the sign of dy* /d~.
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First, consider the reform to the marginal tax rate on z; at y*. When the policy is
adopted, the change to the marginal rate on z; is:

d * d
() dy = TE) gy = D (108)
dx* dx*
J J
where dx;f is the cross-sectional increase in z;.
Similarly, the change to the marginal tax rate on z is:
. _dr(x*),  dy
Ty (7)) dy = 3, dvy = I (109)

We can define the same objects for the perceived tax rates by parameterizing the per-

ceived tax schedule as follows.
T (z' k,y) =T (2, k) +~7 (=, k) (110)

Here, v is the size of the reform as before, and 7 (a:i, k;) is the direction in which the per-
ceived tax schedule moves as the actual tax schedule is changed.
Using this notation, the change to the perceived marginal tax rate on z; at y* is:
dr ()

7j (&%) dy = —~—dy (111)
J

v 18:

Similarly, the change to rate to the perceived marginal tax rate on z;

Fo(x*) dy = a7 (m*)dfy (112)

dx;k.,

Next, let d2? be the counterfactual increase in z; for the type with income y* for each
j € J, if she were to increase her income slightly. We know that the following condition
must hold because the individual is locally indifferent between increasing or decreasing
her income.
Uy = Y da5 |y;(@") = Tyl | k. T) = x;(2" | 0%)] =0 (113)
jeg
What is the mechanical impact of the change in relative tax rates on the left hand side

of this condition? Since the only change is to marginal tax rates on x; and z, it is:

dﬁ A ~ * Ak, *
d_yy = di} X Ty (x*) — di} X 7 (z¥) (114)
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This now puts us in a position to study the three cases in the proposition.
Case i: Assumptions 2 and 8 both hold

If both marginal tax rate changes are equally salient as defined, then there is no perceived
increase in the cross-sectional rate at which the tax burden increases. This means that:
drly x Ty (2") — day x 75 (%) = 0 (115)
With separability, all types increase make the same decisions given the same level of in-
come. Thus, dﬁ;’f = dx;f and dﬁ;‘f, = dx;*.,. As a result, equation 115 implies that equation
114 is zero. Since there is no change to the indifference condition (equation 113), there is

no incentive for individuals at y* to change their income level. Finally—as observed at the
start of the proof—with no change in y*, there is no change in welfare.

Case ii: Assumption 2 holds but not Assumption 8
With separability (Assumption 2), we know that di} = dz} and di7, = da%,. Thus, the

change to the indifference condition is:

dﬁ * ~ * * ~ *
d—;/ = daj x 7y (¢*) — da} x 7 (x*) (116)
However, this is not necessarily zero if the tax changes are not equally salient (a violation

of Assumption 8). Specifically, we can write:

dU, . s o~
x . = | de x 7y (x7) — dwf x 75 (x7) (118)
(Tj/ (x*)/ 75 (x*) J J A

Next, recall that there is no overall change in the marginal tax rate at this level of

income, since it does not mechanically raise revenue. Thus:

dzy X 7y (x) —daf x 75 (") =0 (119)

Combining equation 119 with the change to the indifference condition above, dU, /dy is
positive if:

(120)

and negative otherwise.
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If condition 120 holds, then the individual is no longer indifferent and income in-
creases. If the opposite holds, then income falls. Finally, recall that the welfare gain has
the same sign as W} when income rises, and the opposite sign if income falls. Combined,
this means that the welfare gain has the same sign as IV if the change to the tax rate on
is less salient than the one for z;/ (in which case inequality 120 holds) — and the opposite
otherwise (in which case the opposite holds).

Case iii: Assumption 8 holds but not Assumption 2

Assumption 6 ensures that the argument in Case (i) holds up until equation 115. However,

from there we need to proceed differently. First, we can re-write dU, /dy as follows:

dU, L

L= 05 () 8 () zn
dis, /d; o

u(ﬁ/ﬁ) dafy X Ty (®") — day x 7 () (122)

Combined with equation 115 this is positive if and only if:

di:;f, di; 123
dz*, dz* (123)
J J

and negative otherwise.

If condition 123 holds, then the individual is no longer indifferent and income in-
creases. If the opposite holds, then income falls. Finally, recall that the welfare gain has
the same sign as W when income rises, and the opposite sign if income falls. Combined,
this means that the welfare gain has the same sign as W if higher types earn more of their
marginal income via x; rather than z,
they increased their incomes (in which case condition 123 holds)—and the opposite oth-

compared to what lower types would choose if

erwise (in which case the opposite holds). O

Proof of Proposition 8. The proof begins in the same way as the one for Proposition 5. We
again start by characterizing the effects of an arbitrary reform of size v. Such a reform may
change each individual’s tax burden, their marginal tax rate and government revenue. We

tirst compute these impacts, and then study the implications for welfare.

Tax burden: First, the effect of the reform on individual ¢’s tax burden is:

dT (x',7) , N
T (@) + Y Ty (2, ) =2 124
) @)+ T ) (129
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where T} (2, v) is individual ¢’s initial marginal tax rate with respect to decision z;.

Marginal tax rates: The effect on this individual’s marginal tax rate for decision j is:

dT; (x, , . da)
L I e (125)
jeJjled

where Tj; (2',7) is the effect on this individual’s marginal tax rate for decision j when
decision j' increases.

As above, these summations take into account the fact that the effect of the reform on tax
liability and the marginal tax rate depend on the responses of all decisions, in addition to
the direct mechanical effect of the reform itself.

Government revenue: The government budget constraint is:

B = / T (a,7) di (126)
I
so the effect on government revenue is as follows:
dB i N
E:/z T($)+J;]Tj (w,v)g di (127)
Welfare: The direct impact on welfare of the reform is:
' ' T; (' T (', k dmé 128
- | v T<w>+J€2J(j(a:,v)— (k7)) 3 (128)

Just as before, this can be written as:

aw i i
e AUEORIC) (129)
. dz’ . : SO dz’
A pt _J _ ? A p? _ { _J ;
—i—/I ;T](af;,’y) d’y]dz /Iw (j;(T] (a:,’y) T(m,k,7)> d’y)dz
Fiscal E;trernality Inte?r:ality

Specific perturbation: We next study the optimal amount of redistribution by studying a

particular perturbation which raises revenue from the rich and returns that revenue as a
lump sum (after netting out any loss due to the fiscal externality). Specifically, let 7 (z) = 1

if # > x* and zero otherwise. This produces a small change in the marginal tax rate for
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individuals at y* without any change to the marginal tax rate elsewhere. Individuals at y*
see their tax rate raised by:
7 (x* + dx) — 7 (x*) dry

Ty (2*) dy = dy dy = ay

(130)

whereas all other individuals see no change in their (true) marginal tax rates.

In this case, however, we allow individuals to respond to changes in the level of their
tax burden as well as their marginal tax rate. This means that individuals with income
greater than y* may re-optimize. Taking into account both types of effect, we can rewrite
the change in welfare as:

FE (Local)

Ve

C;—:V :/Z:yw* (1= ) di+ o {ZT CZ—]] di (131)
i
(g e ).
) IN (Local) ’
+ [ZTJ- (a,) 7} ]d@ / W(Z (7 (&7) =T (&', .7)) ; )di
Tyi>y* |5 dry Tyt >y* icJ dy
) FE (Non-local) "o IN (Non-local) ’

At a given level of income, we know individuals are identical because x' increases
strictly with ot Combining this fact with the definitions of MTR! and l\ml, we can write
the actual and perceived marginal tax rates of individuals at y* as MTR" and MTR . Simi-
larly, let MTRY and MTR be the average actual and perceived marginal tax rates for those
with income y. Finally, let the change in income be dy*/dvy at y*, and dy/d~y at y; and the
welfare weight be * at y*, and ¢¥ at y. Then we can rewrite the welfare change as:

W () -y - L EOMIR T MR
/y (1 — Y)MTRY + YMIR’
y* 1 —MTRY

X ery"h (y*)

x n'h (y) dy (132)

Setting this welfare change equal to zero yields the equation in the proposition. O
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