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Abstract

A central assumption in public finance is that individuals optimize fully with respect
to the incentives created by tax policies. In this paper, we test this assumption
using two empirical strategies. First, we conducted an experiment at a large grocery
store where we posted tax-inclusive prices for certain products (showing both the pre-
tax and post-tax price) over a three week period. Using scanner data, we find that
posting the tax-inclusive prices reduced demand by 6-8% among the treated products
relative to control products and nearby control stores. Second, using data on aggregate
alcohol consumption by state from 1970-2003, we find that state-level increases in excise
taxes (which are included in posted prices) reduce alcohol consumption significantly
more than increases in sales taxes (which are added at the register and hence less
salient). These results indicate that tax salience affects behavioral responses, contrary
to canonical models. We propose a simple alternative model of boundedly rational
agents to explain why salience matters. In the model, small (second-order) costs of
cognition can lead agents to ignore fairly large taxes, even though these taxes may have
large (first-order) effects on tax revenue and social welfare. We show that small costs
of cognition may explain several stylized facts, such as greater awareness of average tax
rates instead of marginal rates and larger responses on the extensive margin. Using
this framework, we derive Harberger-type formulas for the efficiency cost and incidence
of taxes when salience matters.
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1 Introduction

A central assumption in public finance is that agents optimize fully with respect to the
incentives created by tax schedules. For example, Ramsey’s (1927) seminal analysis of
optimal commodity taxation assumes that agents respond to tax changes in the same way
that they to price changes. More recent analyses of taxation assume that agents optimize
fully against complex, non-linear tax schedules. Examples include Mirrlees’ (1971) classic
treatment of income taxation, more recent work on optimal taxation in dynamic models
(e.g., Judd 1985, Golosov et. al. 2003), or analyses of social insurance (e.g. Diamond and
Sheshinski 1995, Chetty 2006, Shimer and Werning 2006).

The assumption that individuals optimize fully against the tax code also plays an impor-
tant role in positive analyses of tax policy and empirical public finance. Tax schedules are
quite complex in practice and are often not transparent. Income tax schedules are typically
highly non-linear; benefit-tax linkages for social insurance programs are opaque (e.g. social
security taxes and benefits); and taxes on commodities vary significantly and are often not
displayed as part of posted prices (hotel city taxes, vehicle excise fees, sales tax rules). The
efficiency and welfare consequences of such tax policies depend on how individuals optimize
against these schedules.

Despite the importance of the full-optimization assumption in the analysis of taxation,
there is relatively little evidence on whether individuals actually respond to taxes in this
manner. In this paper, we investigate this issue by analyzing the effect of “salience” on
behavioral responses to taxation. We define the “salience” of a tax as the cost of computing
the tax-inclusive price of a good. For example, in the context of commodities, a tax that
is included in the posted price is more salient than a tax that is only added at the time of
payment (such as a sales tax), since computing the price including the latter tax requires
additional computation. We test whether salience commodity tax has different effects on
demand depending on whether it is included in or excluded from the posted price. Our
empirical analysis can be motivated by the following simple specification for demand: D =
f(p 4+ 6t). The traditional assumption in the public finance literature is that § = 1 —

taxes and prices affect behavior in the same way. We test whether § = 1 in the context



of commodity taxes using two complementary methods: (1) a field experiment in a grocery
store and (2) “natural experiments” in observational data on alcohol consumption.

The field experiment was implemented in collaboration with a major chain at a large
grocery store over a three-week period in early 2006. In this store (as in most other retail
outlets in the United States), prices posted on the shelf exclude sales tax; if the good is
subject to tax, it is added to the bill only at the register. Our intervention was to post
tags showing the tax-inclusive price below the original pre-tax price tag for all products in
three groups (cosmetics, hair care accessories, and deodorants) . This intervention can be
interpreted as a test of whether increasing the salience of the tax-inclusive price has an effect
on demand behavior.

We analyze the effect of this intervention using a quasi-experimental differences-in-differences
research design. Define the “treatment” group as the set of products we tagged (all products
in the 3 categories — approximately 1,000 products total) in the treatment store during the
three week treatment period. We compare demand for the products in the treatment group
to demand in three “control groups”: (1) a set of control products in nearby aisles that we
did not tag (toothpaste, skin care products, shaving products); (2) a pair of control stores
in nearby cities whose customers have similar demographic characteristics to the treatment
store; and (3) control time periods in the months before the experiment took place.

Using scanner data, we find that quantity sold and total revenue in the group of products
we treated fell by 6-8% during the intervention relative to the three control groups. This
estimate is statistically significant with p < 0.01. This result is robust to controlling for
price variation, varying the set of control groups. Estimation of “placebo effects” to imple-
ment non-parametric permutation tests also indicates that the showing tax-inclusive prices
significantly reduced demand. To interpret the magnitude of the 6-8% decline in demand,
we estimate product-level price elasticities for the products in the treatment group using the
high-frequency price variation in the data in the pre-period. We find an (intertemporal)
price elasticity of demand between 1 and 1.5, consistent with earlier estimates of category-
level price elasticities in grocery stores (e.g. Hoch et. al. 1995). Given that the sales tax
rate is 7.375%, we conclude that showing the tax-inclusive price reduced demand nearly as

much as a price increase of an equivalent amount. This suggests that the vast majority of



individuals ignore the sales tax on these products when making consumption decisions (i.e.,
0 ~0).

A concern with the experiment is that posting 1,000 new tags may have reduced demand
simply because it temporarily violated familiar norms. This issue motivates our second
empirical strategy, which compares the effect of price changes with tax changes using ob-
servational data. This test can be interpreted as a method of estimating the value of 6 on
average in the field over a longer horizon. We implement this test using annual data on
aggregate alcohol consumption by state. We focus on alcohol because it is subject to two
state-level taxes in the U.S.: an excise tax that is included in the posted price and a sales
tax that is added at the register (and hence less salient). Exploiting state-level reforms in
these two tax rates between 1970 and 2003, we find that increases in the excise tax reduced
alcohol consumption approximately four times more than increases in the sales tax of similar
magnitude.! This difference in elasticities persists over relatively long horizons (e.g. 2 or 3
years). Combining the two elasticity estimates suggests that 6 < l: even in the longer run.

Both strands of evidence indicate that behavioral responses to taxation depend substan-
tially on whether taxes are included in poste prices. There are two potential explanations
for this finding. One is that customers are uninformed about the sales tax rate or which
goods are subject to sales tax since it is not typically shown in prices. An alternative hy-
pothesis is that salience matters: the customers know what is taxed, but choose to focus
on the posted price when deciding what to buy because computing the tax-inclusive price
for each good involves a cognitive or time cost. To distinguish between these competing
hypotheses, we surveyed customers entering the grocery store about their knowledge of sales
taxes. The median individual correctly reported the tax status of 7 out of the 8 products
on the survey, and reported the average sales tax rate within 0.5 percentage points of the
true rate. Since most individuals are in fact well informed about taxes when their attention
is drawn to the subject, we conclude that they must choose not to compute tax-inclusive

prices when shopping. As a result, the salience of tax-inclusive prices affects consumption

! An obvious concern with this comparison is that the sales tax applies to a broader range of goods than
the alcohol excise tax. However, since food is generally exempt from the sales tax, increases in the sales
tax change the relative price of alcohol relative to food and non-alcoholic drinks, which are presumably the
most important substitutes. See section 5 for additional details..



decisions.

The empirical analysis indicates that the benchmark “unbounded rationality” model
where individuals always take all taxes into account does not fit the data. What alternative
model explains why salience matters? The second part of this paper focuses on developing a
model that can match the empirical results while providing a tractable framework for public
finance. We propose a simple bounded rationality model where agents face a cognitive cost
of computing tax-inclusive prices (as in Simon 1955, Akerlof and Yellen 1985). An attractive
feature of this model is that it has a well defined notion of welfare — utility minus cognitive
costs. As a result, revealed preference can be used to evaluate the welfare consequences of
tax policies in this model, as in the Ramsey-Harberger tradition.

We use the model to establish a series of results. First, we show that second-order (small)
cognitive costs can lead agents to ignore details of a broad range of tax policies. Intuitively,
when agents are close to an interior optimum to begin with, the marginal welfare gain from
reoptimizing relative to the true tax rate is small — an application of the envelope theorem,
as in Akerlof and Yellen (1985). For example, a simple calibration using quasilinear utility
shows that the cost of miscalculating the tax rate by 10 percentage points on an item on
which the agent spends $10,000 is only $50. As a result, small cognitive costs (limited
attention) can lead individuals to rationally ignore taxes on goods such as cosmetics or
alcohol unless they are already included in posted prices.

Second, we show that even though agents may incur second-order utility losses from
ignoring details of tax policies, these policies can still have first-order (large) effects on social
welfare and revenue. For example, a 10% tax increase can raise a significant amount of
revenue for the government regardless of whether the agent reoptimizes his behavior. If the
agent does reoptimize, the tax increase could create substantial deadweight burden because of
the fiscal externality that the agent imposes on the government by changing his behavior.?
Hence, bounded-rationality and salience can be important in the analysis of many large-

scale tax policies from a social perspective, even though they may be unimportant from an

2This does not necessarily imply that ‘hidden’ tax changes are less distortionary or that cognitive frictions
improve the efficiency of taxation (in contrast with the results of Liebman and Zeckhauser 2004). This is
because perceptions of tax rates presumably adapt to actual rates, and income effects can make non-salient
tax changes costly by distorting consumption allocations.



individual’s perspective.

Third, we provide a (preliminary) characterization of some of the simplifying heuristics
a boundedly rational agent uses when faced with a complex tax schedule. Some aspects
of these heuristics match stylized facts in the literature. For instance, the utility gain from
knowing the average income tax rate is likely to exceed that of knowing the marginal income
tax rate under plausible conditions. This may explain why people appear more cognizant
of average tax rates than marginal rates, as documented by Liebman (1998). The model
also predicts that agents should respond more on the extensive margin than on the intensive
margin to tax changes, and is consistent with limited “bunching” at kink points (Saez 2002).
The model also predicts that behavioral responses to taxation should be larger among the
rich, consistent with the evidence in Goolsbee (2000) and Saez (2004). More generally, the
model suggests that actual marginal rates — which are the focus of much of the existing
theoretical and empirical literature — may be less important in determining behavior than
broad, long run tax perceptions. This reasoning could potentially explain why the estimated
elasticity of labor supply with respect to the tax-rate is larger in studies that compare across
countries (e.g. Prescott 2004, Davis and Henrekson 2006) than in studies that focus on
changes in behavior in short windows around tax reforms (e.g. Gruber and Saez 2002, Saez
2003).

Finally, we apply the theoretical framework to conduct a positive analysis of taxation
when agents are boundedly rational and salience matters. We derive Harberger-type formu-
las for the incidence and efficiency costs of taxation. The deadweight cost of taxation differs
from the standard Harberger expression in three ways: (1) the perceived tax rate is what
matters; (2) there is an additional term related to the difference between the perceived and
actual tax rates that reflects a distortionary income effect that arises from budgeting errors
when taxes are not salient; and (3) the relevant elasticity is not the net-of-tax elasticity
generally estimated in the empirical literature, but the “fundamental” price elasticity. In
the analysis of incidence, we show that the classic tax-neutrality result breaks down: when
individuals are boundedly rational, incidence will in general depend on whether the tax is
levied on consumers or firms. The effect of elasticities on incidence is amplified when taxes

are not salient: for more inelastic goods, consumers are less likely to pay attention to taxes,



and are likely to bear even more of the incidence. These findings also have new implications
for the distributional incidence of commodity and income taxation across income groups.
The remainder of the paper is organized as follows. Section 2 discusses related literature.
Section 3 presents a simple two-type model as an organizing framework for our empirical
analysis. Section 4 discusses the field experiment, section 5 presents the evidence on alcohol
sales, and section 6 presents the survey evidence. In section 7, we develop the model of
boundedly-rational agents and show how it can explain our empirical findings as well as other
stylized facts. Section 8 analyzes the efficiency consequences and incidence of taxation in

this framework. Section 9 concludes.

2 Related Literature

Our work builds on and relates to several strands of the literature in behavioral economics,
macroeconomics, and public finance. First, empirical studies have documented the impor-
tance of salience and limited attention in a variety of economic contexts: up-front appliance
costs vs. subsequent electricity costs (Hausman and Joskow 1982); non-linear pricing (Shin
1985); internet price search engines (Ellison and Ellison 2004); prices vs. shipping fees (Mor-
gan and Hossain 2005); financial markets (Barber, Odean and Zheng 2005; DellaVigna and
Pollet 2006); the pass-through of manufacturer rebates for car purchases (Busse, Silva-Risso,
and Zettlemeyer 2006); and rankings of colleges and hospitals (Pope 2006). Similarly, stud-
ies in marketing have shown that the partitioning of prices into “base prices” and additional
fees or into monthly payments vs. total payments has real effects on demand (e.g. Gourville
1998, Morwitz et.al. 1998).

Salience has received less attention in the public finance literature. A small body of
studies has demonstrated that individuals often misunderstand the difference between mar-
ginal vs. average tax rates in the income tax schedule. Brown (1968) and Fujii and Hawley
(1988) find that individual’s self-reported marginal income tax rate often differs from the
marginal tax rate implied by their demographic and income characteristics. de Bartolome
(1995) shows using a lab experiment that many MBA students confuse the average rate with

the marginal rate when making $1 “investments” in a taxable or non-taxable project. More



recently, Liebman and Zeckhauser (2004) and Katuscak and Feldman (2006) present sug-
gestive evidence that individuals’ labor supply responds to average income tax rates rather
than marginal tax rates using variation in the child tax credit. In a separate line of research,
McCaffery and Baron (2003) document that the framing and presentation of alternative tax
policy choices has significant effects on individuals’ rankings of hypothetical policies when
surveyed. Our analysis contributes to this literature by directly testing in the field whether
the simplicity of computing tax-inclusive prices affects behavioral responses to commodity
taxation. An advantage of focusing specifically on commodity taxes is that they are simply
proportional to prices, and hence any evidence of imperfect optimization with respect to
these taxes would suggest imperfect optimization with respect to a broad class of policies.
To analyze the implications of our empirical results for tax policy, we construct a model
of taxation with inattentive agents that builds on the bounded rationality literature pio-
neered by Simon (1955). The concept underlying models of bounded rationality is that
agents face a cost of processing information — a “deliberation cost” — and therefore ratio-
nally use simplifying heuristics to solve complex problems (see e.g., Conlisk (1988), Conlisk
(1996), Gabaix et. al. (2006)). This logic has been applied most widely in the macro-
economics literature. Akerlof and Yellen (1985) and Mankiw (1985) show that failing to
re-optimize in response to shocks generates second-order losses to agents, but has first-order
effects on the macroeconomy. More recently, Sims (2003), Reis (2006), and Mackowiac and
Weiderholt (2006) develop models of boundedly rational and inattentive consumers, and
show that they can explain puzzles in aggregate consumption and pricing dynamics. In
related work, Mullainathan (2002) and Wilson (2003) develop bounded memory and recall
models, and show that they can explain puzzles for standard economic models that assume
full-optimization. Ellison and Ellison (2004) and Gabaix and Laibson (2006) study equilib-
rium in models where individuals face cognitive constraints and firms have technologies to
obfuscate or shroud attributes to raise profits. A key result of these models is that indi-
viduals may remain uninformed about shrouded (hidden) attributes in equilibrium because
no market for debiasing will emerge. Our theoretical contribution is to introduce bounded
rationality and limited attention into public finance by studying their implications for the

positive analysis of taxation.



In this sense, our study contributes to an emerging literature on “behavioral public fi-
nance.” One strand of this literature has adopted a paternalistic approach, assuming that
agents maximize a utility function that systematically differs from the planner’s objective
function. An early example of this approach is Feldstein’s (1985) classic analysis of opti-
mal social security with myopic agents, where the social planner has a lower discount rate
than individuals. More recent examples include the analysis of cigarette consumption and
addiction when preferences are time-inconsistent (Gruber and Koszegi 2001); optimal taxes
on sin goods (O’Donoghue and Rabin 2006); and optimal retirement savings policies for
hyperbolic agents (Amador et. al. 2006). An alternative approach — the one we adopt here
— is to assume instead that the individual and social planner agree on the objective function
to be optimized, but that the individual faces certain cognitive constraints in achieving his
true optimum when faced with a complex tax system. This approach is less developed in
the existing literature. Sheshinski (2002) provides a parsimonious model of bounded ratio-
nality and shows that even small departures from full rationality may make it desirable for
a benevolent social planner to restrict choices. Bernheim and Rangel (2007) take a more
agnostic approach, and propose a method for constructing bounds on welfare gains based
purely on observed choices even when there is no underlying utility representation available
for those choices. Our theoretical analysis can be viewed as a special case of Bernheim and
Rangel’s approach, where we assume that the choices in the situation where tax-inclusive
prices are salient are relevant for welfare analysis.

Finally, the idea that individuals focus on salient features of tax systems also has political
economy implications for how governments set taxes. For example, a politician who wants to
maximize his chance of re-election may try to create a wedge between the burden perceived
by taxpayers and the actual burden (Krishna and Slemrod 2003). The empirical relevance
of this idea is explored by Finkelstein (2006), who finds that state toll authorities raise tolls
more frequently after introducing electronic toll collection systems, which make tolls less

salient to drivers.



3 Empirical Framework

We begin by presenting an organizing framework for our empirical analysis using a simple
model of consumption behavior in which some agents are inattentive to tax-inclusive prices.?
Consider a static model where an agent with wealth Z has an additively separable quasilinear

utility function over two goods, x and y, of the following form:

l’l_b

1-0b

Ulz,y) =a +y

where b > 0 determines the price elasticity of good x. Normalize the price of y to 1, and
let p denote the price of . Assume that y is untaxed and x is subject to an ad valorem
sales tax t;. Hence, the total price of x is given by p; = p(1 +t;). The tax t, is not
included in the posted price that consumers see when deciding how much of = to purchase.
Since consumers must compute the tax-inclusive price p; but can observe the pre-tax price p
without any computation, we will say that the tax ¢, is less “salient” than the pre-tax price
p.

We model the relationship between salience and behavioral responses by considering a
setting with two types of agents who differ in their attention to tax-inclusive prices. The
first type is a fully-optimizing consumer who uses the full tax-inclusive price when making

his consumption decision, as in the neoclassical model. This type’s choice of x is given by

l’*(p, Zf) _ (p(l + t))—l/b

The second type is a consumer who is inattentive, and focuses solely on the pre-tax price

p when making his decision. He sets consumption of z as
~ Pi—1/
#(p,t) = (£)Y

Let 6 denote the fraction of agents who optimize relative to the true tax-inclusive price.

3In this section, we simply assume that some agents are inattentive, without modelling the source of
this inattention. In section 7, we show that the inattentiveness assumed here can be derived as a rational
consequence of cognitive constraints.



Then aggregate demand for x in an economy with a unit mass of agents is given by

z(p,ts,0) = O0z"+(1—-0)x=(1— Q)(g)—l/b I 9(}7(1 ;— ts))_l/b

(g)‘l/b[l — O+ 0(1+ )

Recognizing that ¢, is small, we simplify this expression using the first-order Taylor approx-

imation 2 ~ 1 — @ + 0z for z around 1 to obtain
D\_ _
w(p,t,0) = () (L1707

Taking logs of this expression yields the demand specification that underlies our empirical
analysis:

log z(p,t,0) = o+ Blogp + 65 log(1 +t) (1)

where o = %loga and f = 1%. The parameter of interest is 6 — the fraction of individuals
in the population who take the sales tax into account when making consumption decisions.
The null hypothesis in canonical models of taxation is that # = 1: all agents optimize
relative to tax-inclusive prices. The primary objective of our empirical analysis is to test
this hypothesis, and to provide an estimate of the value of 6 associated with the sales tax
levied on a particular subset of products. We use two independent empirical strategies to
achieve this objective.

Strategy 1: Manipulate Tax Salience. Our first approach to estimating 6 is to make
the sales tax as salient as the pre-tax price by posting the tax-inclusive price on the shelf
along. When tax-inclusive prices are posted, all individuals presumably optimize relative
to the tax-inclusive price (i.e., # = 1). Hence, the effect of posting tax-inclusive prices on

demand is given by

log z(p,t,1) —logxz(p,t,0) = (1 —0)Flog(1+ 1)
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Since the price elasticity of demand is

A dlogz
b= dlogp
it follows that
(1=0)=v/epy (2)

IOg z(p,t,l)—log z(p,t,@
log(1+t)

where v = ) denotes the normalized “tax visibility” effect. The v parameter
can be interpreted as the change in demand caused by making a 1% sales tax as salient as
the price. The intuition underlying (2) is straightforward: the effect of posting tax-inclusive
prices on demand relative to the effect of a price increase of corresponding size on demand
identifies the fraction of individuals who ignore the sales tax. Hence, by combining estimates
of the effect of posting tax-inclusive prices with estimates of the price elasticity of demand,
one can infer 6. If all consumers normally optimize relative to the sales tax even when it is
not as salient as the price (# = 1), posting the tax-inclusive price has no effect on demand
(v =0), since it is redundant information.

Strategy 2: Manipulate Tax Rate. An alternative approach to estimating 6 is to exploit

variation in ¢, and compare the price elasticity of demand with the tax elasticity of demand.

In particular,

dlogz  Ologx

Olog(1 +1t)

_ Ologx
~ Olog(1+1)

/B = /

dlogp
Under the null hypothesis of full optimization, prices and taxes — which differ in their salience
— should affect demand in the same way.

In the next section, we implement strategy 1 using a field experiment at a grocery store.

In section 4, we implement strategy 2 using observational data on alcohol consumption.

4 Evidence from an Experiment at a Grocery Store

4.1 Research Design

We conducted an experiment showing tax-inclusive prices at a large grocery store in a suburb

in Northern California. The store belongs to a grocery chain which has nearly 2,000 stores
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in the U.S. Within the store, approximately 30% of the products on the shelves are subject
to the local sales tax rate of 7.375%. When applicable, the sales tax (rounded to the nearest
cent) is added at the register. Price tags on the shelf display only pre-tax prices, as in the
upper half of the tag shown in Exhibit 1.

We estimate the effect of posting tax-inclusive prices on demand using a quasi-experimental
differences-in-differences research design. We use this design because direct randomization
of tax-inclusive prices was infeasible given limitations in the scope and duration of the ex-
periment. In particular, the grocery chain’s managers expected that showing tax-inclusive
prices would reduce sales. In order to limit revenue losses, we were required to restrict
the intervention to three categories that were not “sales leading” categories, and limit the
duration of the intervention to three weeks. The three product groups were chosen in
collaboration with the managers based on this requirement and two additional criteria: (1)
having relatively high prices, so that the dollar amount of the sales tax is non-trivial; and
(2) belonging to what the store terms “impulse purchase categories” — goods that exhibit
high price elasticities — so that the demand response to the intervention would be detectable.
This led us to run the experiment on three product groups — cosmetics, hair care accessories,
and deodorants — over a three week period.’

To estimate the effect of the intervention, we compare sales in the “treatment” group of
products whose tags were modified with three control groups that serve as counterfactuals.
We define the treatment group as products that belong to the cosmetics, hair care accessories,
or deodorants product groups in the treatment store during the three week treatment period.
The first control group is a set of control products in the same aisles as the treatment
products, for which we did not change tags. These products include similar (taxable)
toiletries such as toothpaste, skin care, and shaving products; see Appendix Table 1 for the
full list. The second control group is a pair of control stores in nearby cities whose customers

have similar demographic characteristics to the treatment store. These control stores were

4Our initial request was to show tax-inclusive prices for all taxable products in the store.

°In principle, the treatment of showing tax-inclusive price tags could have been randomized at the indi-
vidual product level. However, the concern that such an intervention could be confusing and potentially
deceptive (e.g. suggesting that one lipstick is taxed and another is not) dissuaded us from pursuing this
strategy. We therefore tagged complete product groups, so that any plausible substitute for a treated
product would also be treated.
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chosen based on a minimum distance criterion using characteristics listed in Table 1, which
include variables such as the size of the store and the mean income of the city where the store
is located. The third control group consists of sales in the treatment store in the months
prior to the experiment.

Using these control groups, we implement a standard difference-in-difference methodol-
ogy, testing whether sales of the treated products fell during the intervention relative to
control products and control stores. As in other difference-in-difference analyses, the identi-
fication assumption underlying our estimate is a “common trends” condition (Meyer 1995),
which in this case requires that sales would have evolved identically in the treatment and
control groups absent the intervention. We discuss and evaluate this assumption below in
the context of our empirical estimates.

Ezxperiment Implementation. We posted tax-inclusive prices for products in the treat-
ment group over a three week period, beginning February 22, 2006 and ending on March
15, 2006. Exhibit 1 illustrates how price tags were altered. The original tags, which show
pre-tax prices, were left untouched on the shelf. A tag showing the tax-inclusive price was
attached directly below this tag for each product. The added tag stated “Total Price: $p
+ Sales Tax = $p;,” where p denotes the pre-tax price (repeating the information in the
original tag) and p; denotes the tax-inclusive price. The original pre-tax price was repeated
on the new tag to avoid the impression that the price of the product had been increased.
For the same reason, the fonts used for p, p;, and the words “Sales Tax” exactly matched
the font for the original price on the shelf. The tags were printed using a template and
card stock supplied by the store (often used for sales or other additional information on a
product) in order to match the color scheme and layout familiar to customers.

The store changes product prices on Wednesday nights and leaves the prices fixed (with
rare exceptions) for the following one week period, termed a “promotional week.” To syn-
chronize our intervention with this pricing cycle, a team of researchers and research assistants
printed tags every Wednesday night and attached them to each of the 1000 products. Occa-
sionally, some prices are changed within a promotional week. To ensure that such changes
did not lead to inaccuracies in (or removal of ) the tax-inclusive price tags, research assistants

made continual visits to the store to update the labels and ensure that the labels remained
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in good condition throughout the experiment. The tags were changed between 11 pm and

2 am, which are low-traffic times at the store.

4.2 Data and Summary Statistics

We use scanner data from the treatment store and the two control stores provided by the
grocery chain. The data spans week 1 of 2005 to week 15 of 2006. Data on individual
products are observed by “promotional week” — weeks beginning and ending on Wednesdays,
in correspondence with the pricing cycle. The dataset includes unique product identifiers
(UPC and category codes), the regular product price, the sale price (if any), and the number
of units sold.

Summary measures of store characteristics are displayed in Table 1. The top panel
presents store characteristics. Column (1) presents the statistics for the treatment store,
and columns (2) and (3) for each control store. The three stores are large (roughly 37,000
sq. feet) and have been open for about 15 years. Panel B presents characteristics for cities
where each store is located using data from the 2000 Census. The cities in which these
stores are located are higher income than the U.S. average: the median household income is
around $55,000, compared to $42,000 for the nation as a whole.

Table 2 presents category level summary statistics, broken down by treatment and control
product groups within each store. The treatment groups consists of all products in the 3
broad groups described above. Within these 3 groups, there are 15 product “categories”
(e.g. lipsticks, eye cosmetics, roll-on deodorants, body spray deodorants). The treatment
categories were in two adjacent aisles, and together take up space equivalent to roughly
half an aisle in the store. Average revenue from the treatment products as a whole is
approximately $1,300 per week. The 96 control categories consist of other products sold in
the aisles where the experimental products are sold (e.g. toothpaste, skin care products),
whose tags were unchanged during the intervention period.

The first row Table 2 reports average weekly revenue in the treatment group and control
group categories for each of the three stores. Average revenue in the treatment group is
lower partly because the average price of treatment products is about $4.50 while products

in the control groups sell for around $6.25 on average. The average product price, revenue

14



per category and per product, and the number of items purchased each week is similar across
stores.

For most of our analysis, we analyze the data at the category-by-store level (so that
there are 111 observations per store per week), summing quantity sold and revenue over the
individual products within categories in each store. We use the category-level approach
because a large number of products do not sell at all in a given week. Because scanner
data includes only transactions, unsold products do not appear in the product-level dataset.
Since we do not we do not have data on the set of products that are on the shelf in each
week, we cannot products that are on the shelf but did not sell from products that simply are
not on shelves that week. By analyzing the data at the category level, we largely circumvent
this problem because there are relatively few category-weeks with missing data (6% of all
observations). Since all the categories always existed in all stores throughout the sample
period, we are fairly confident that these observations are true zeros. As a robustness check,
we have replicated our analysis at the product level, interpolating between observations to
fill in zeros as discussed in the Appendix. We find that this product-level analysis yields

very similar results to those reported below.

4.3 Results

Comparison of Means. We begin our analysis with a simple comparison of means between the
treatment group and the three dimensions of counterfactuals: time, stores, and categories.
Table 3 shows a cross-tabulation of the mean quantity sold per week per category for various
time periods and product groups. The upper panel of the table shows data for the treatment
store. The data is divided into four cells by time (pre-experiment vs. the three-week
intervention period) and by product group (treated categories vs. control categories in the
same store). Fach cell shows the mean quantity sold for the group labeled on the axes, along
with the standard error and the number of observations. All standard errors reported in this
and subsequent tables in this section are clustered by week to correct for serial correlation
of errors across products.

The mean quantity sold in the treatment categories fell by an average of 1.12 units

per week during the experimental period relative to the pre-period baseline. Meanwhile,
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quantity sold in the control categories within the treatment store went up by 0.84 units.
Hence, sales fell in the treatment categories relative to the control categories by 1.96 units
on average, with a standard error of 0.64. This change of DDpg = —1.96 units is the
“within treatment store” DD estimate of the impact of posting tax-inclusive prices. The
identification assumption necessary for consistency of DDp g as an estimate of the effect of
showing tax-inclusive prices is that the time trend in sales of the treatment products and
control products would have been similar absent the intervention.

One natural way of evaluating the validity of this identification assumption is to com-
pare the change in sales of treatment and control products in the control stores, where no
intervention took place. The lower panel of Table 3 presents such a comparison by showing
mean sales for the same sets of products and time periods in the two control stores. In
the control stores, sales of control products rose by 0.18 units relative to baseline during
the period of the intervention, while sales of treatment products rose by 0.23 units. Hence,
sales of treatment products increased by a (statistically insignificant) DD¢cg = 0.04 units
relative to sales of control products within the control stores. The fact that DD¢cg is not
significantly different from zero suggests that sales of the treatment and control products
would in fact have evolved similarly in the treatment store had the intervention not taken
place. This “placebo test” therefore supports the validity of the within treatment store
D Drg estimator.

Putting together the upper and lower panels of Table 3, one can construct a “triple
difference” (DDD) estimate of the effect of the intervention, as in Gruber (1994). This
estimate is DDD = DDps — DDcs = —2.01.  This estimate is statistically significant
with p < 0.01, indicating that the null hypothesis of full-optimization (0 = 1) is rejected.
Note that both within-store and within-product time trends are differenced out in the DDD.
The DDD estimate is therefore immune to both store-specific shocks — such as a transitory
increase in customer traffic — and product-specific shocks — such as fluctuations in demand for
certain goods. Hence, the identification assumption for consistency of the DDD estimate is
relatively weak: it requires that there was no contemporaneous shock during our experimental
intervention that differentially affected sales of the treatment products in the treatment store

(relative to both other products in the same store and the same products in other stores). In
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The DDD estimate is therefore immune to both store-specific shocks — such as a transitory
increase in customer traffic — and product-specific shocks — such as fluctuations in demand for
certain goods. Hence, the identification assumption for consistency of the DDD estimate is
relatively weak: it requires that there was no contemporaneous shock during our experimental
intervention that differentially affected sales of the treatment products in the treatment store
(relative to both other products in the same store and the same products in other stores). In
view of the planned, exogenous nature of the intervention, we believe that this condition is
likely to be satisfied, and hence that the DDD provides a consistent estimate of the treatment
effect.

To gauge the magnitude of the estimated effect, we use the framework developed in
section 3. The mean quantity sold per category in the sample is 28.2 units. The estimate
of -2.01 therefore implies that quantity sold fell by 7.2 percent. Given the sales tax rate of
7.375 percent, the normalized tax visibility effect is approximately v = 1. As we discuss

below, the price elasticity of demand at the category level ¢4, is between 1 and 1.5. Since

0 = E;”p, we infer that 6 < %, i.e. fewer than 1/3 of individuals appear to take account of the
sales tax when purchasing products in the treatment group. Note that we cannot reject the
hypothesis that # = 0 given the standard error associated with our estimate of §. Hence, the
data is consistent with the case where none of the individuals base their purchasing decisions
on the tax-inclusive price when purchasing small products such as cosmetics.

Regression Estimates. We evaluate the robustness of the DDD estimate by estimating a
series of regression models with different covariate sets and sample specifications in Tables
4 and 5. Let the outcome of interest (e.g. quantity, log quantity, revenue) in store s
in category c in week t be denoted by y... Let the variables treatstore, treatcat, and
treattime be indicators for whether where the observation is for the experimental store,
categories and time, respectively. Let X denote a vector of additional covariates. To

identify the effect of the experimental intervention on the outcome of interest, we estimate

variants of the following linear model, which generalizes the strategy used in Table 3:
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Yset = «+ [ytreattime + Bytreatstore + Bytreatcat + v treattime X treatcat
+ytreattime X treatstore + ystreatstore X treatcat

+otreattime X treatcategory X treatstore + pX + €4 (4)

In this specification, the (3, coefficients capture changes in sales over time (/3;), time-
invariant difference between the experimental store and control stores (/35), and time-invariant
differences between the treated categories and control categories (33). The second-level in-
teractions control for changes in sales in the treatment categories over time (7,), changes in
sales in the treatment store over time (7,), and time-invariant characteristics of the treat-
ment category in the treatment store (v;). Finally, the third-level interaction () captures
the treatment effect of the experiment, and corresponds to exactly to the DDD estimate
when no additional controls are included.

As a reference, specification 1 of Table 4 replicates the DDD estimate in Table 3 by
estimating (4) for quantity sold without any additional controls.” Specification 2 replicates 1,
controlling for the mean price of the products in each category using a quadratic specification.
The estimate on the treatment coefficient is essentially unchanged with the price control,
which is unsurprising given that there were no atypical price changes during our intervention
period. We return to the interpretation of the estimated price effects below. In specification
3, we examine the effect of the intervention on weekly revenue (pricex quantity) per category.
Consistent with the evidence from the quantity analysis, we find that the experiment led to
a significant reduction in revenue from the treatment products relative to the controls.

In specifications 4 and 5, we estimate analogous models in logs instead of levels. An
advantage of the logs specification is that it is a better model for comparisons across cate-
gories with different baseline quantities, given that shifts are likely to be equi-proportional

(i.e. elasticities of demand are roughly constant). A disadvantage of the logs specification is

"Including a full set of fixed effects for time, stores, and products (e.g. week dummies, store dummies,
category dummies and their interactions) yields exactly the same estimate of 6. This is because there is
no variation in the third-level interaction across products, stores, or time once we condition on the variables
included in (4).
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that it forces us to omit observations that have zero quantity sold (which account for roughly
6% of the sample at the category-week level). Consistent with the levels models, the logs
specifications imply an estimated reduction in quantity sold of 8% and revenue of 11%.

Both the levels and logs specifications suggest that revenue per category fell more than
quantity sold per category.® We explore this issue further in specification 6, by estimating
the effect of the intervention on the average price of the purchased products within a cate-
gory (i.e. revenue divided by quantity in each category). While imprecisely estimated, the
coefficient estimate implies that the average price of items purchased fell by about $0.13 dur-
ing the treatment period (roughly 3 percent), consistent with the gap between the revenue
and quantity estimates in the earlier regressions. One interpretation of this result is that
individuals who were considering buying a more expensive product were more likely to decide
not to buy anything at all because the tax levied on more expensive products is larger in dol-
lar terms. Another interpretation is that individuals substituted toward cheaper products
within the treatment categories. Unfortunately, we cannot distinguish between these alter-
native hypotheses about the effect of posting tax-inclusive prices on demand substitution
patterns within treated categories.’

Placebo Tests and Robustness Checks. As noted by Bertrand et. al. (2003), a serious
concern in DD analysis is that serial correlation can induce trends that lead to overrejection of
the null hypothesis of no effect. To address this concern, we first check for unusual patterns in
demand in the weeks immediately before and after the experiment. We replicate specification
1 in Table 4, and include indicator variables for the three week period before the intervention
began (be foretreat) and the three week period after the intervention ended (aftertreat).
We also include second- and third-level interactions of be foretreat and aftertreat with the
treatcat and treatstore variables, as for the treattime variable in (4).

Column 1 of Table 5 reports estimates of the third-level interactions (e.g. beforetreat x

treatstore X treatcat) for the periods before, during, and after the experiment. Consistent

8To see this for the levels specifications, note that the average price of the products in the dataset
(weighted by quantity sold) is $5.49. If quantity sold of all products within each category fell equally, one
would expect a revenue loss of only $11 per category based on the estimated quantity reduction of 2 units.

91dentifying the extent of within-category substitution would require an intervention that affects a subset
of products within a category and examines the resulting shifts in demand.
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with the results in Table 4, quantity sold in the treatment group is estimated to have fallen
by approximately 6 = 2 units during the intervention. The corresponding “placebo”
estimate for the period before the treatment is close to zero, suggesting that the fall in
demand began during the actual intervention. The estimated effect for the period after
the treatment is also close to zero. One explanation of this result is that individuals focus
again on the pre-tax price once the tags are removed. Another explanation is that the
set of individuals who shop for these durable goods varies substantially across weeks, so
customers in the weeks after the experiment were effectively untreated. While we cannot
distinguish between these alternative explanations, in either case the return of demand to
pre-experiment levels supports the claim that the intervention (and not a contemporaneous
trend) caused a significant reduction in demand.

Building on the logic of specification 1, we implement a non-parametric permutation test
of the hypothesis that 6 = 0 that directly addresses concerns about serial correlation and the
potential bias of t-tests. Let ¢t = 1,...,T index the weeks for which sales data are observed.
Consider the following estimating equation, in which the treattime variable is replaced with
time;, an indicator variable for an arbitrary three week interval {¢,¢ + 1,¢ + 2} during the

sample frame:

Yser = o+ Bitime; + Bhtreatstore + [htreatcat
+yhtime; x treatcat + yhtime,; x treatstore + vitreatstore x treatcat  (5)

+d;time; X treatcategory X treatstore + €44

We estimate this model for all ¢ such that the time; variable does not overlap with the actual
three-week treatment period (i.e. ¢ such that treattime x time, = 0 for all observations).
The estimated {gt} values yield an empirical distribution of “placebo effects” in the sample.
Let G represent the cdf for this distribution. The probability of observing a DDD estimate
as low or lower than the actual § estimated in (4) is given by G(J). This statistic represents
a p-value for the hypothesis that 6 = 0, based on a non-parametric permutation test over the

weeks in the sample. The intuition underlying this test is straightforward: if the experiment
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had a significant effect on demand, we would expect the estimated coefficient to be in the
lower tail of estimated effects when we replicate the analysis for hypothetical “placebo”
weeks.!  Since this permutation test does not make parametric assumptions about the
unobserved error structure, it does not suffer from the overrejection bias in the standard
t-test (Bertrand et. al. 2003).

To illustrate this method, Figure 1a plots the empirical cdf G when the dependent variable
is weekly revenue per category. The vertical line denotes the treatment effect estimate of
d = —$12. In this case, G(J) < 0.03, indicating that the hypothesis that the experiment
had no effect is rejected at conventional significance levels. One can analogously implement
placebo tests across categories instead of time, by permuting the treatcat variable across sets
of 14 other categories chosen from the set of control categories, while keeping the treattime
variable fixed. Figure 1b plots the analogous empirical cdf G for category permutations and
again shows that G(9) < 0.05.

Combining the two dimensions, we implement a 2-way permutation test by estimating
the model for various combinations of placebo treatment periods and placebo treatment
categories. Since there are a large number of such combinations, we implement a random-
ization inference procedure, choosing 100 random subsets of 15 control categories for each
week in the sample (thereby obtaining 6,100 8, values). We then compute the G(§) value
for each specification in Table 4 using the resulting empirical cdf of placebo estimates. In all
cases, the null hypothesis that 6 = 0 is rejected by both the t-test and the non-parametric
permutation test.

As an alternative method of probing the robustness of our identification strategy, we
consider subsets of our large set of “controls” across time, categories, and stores. In columns
2-4 of Table 5, we report three difference-in-difference estimates, exploiting each pair of
these counterfactuals separately. In column 1, we restrict the sample to the treatment
products, and compare across stores and time. In column 2, we restrict the sample to
the treatment store, and compare across products and time. In column 3, we restrict

the sample to the treatment time period, and compare cross-sectionally across stores and

0T his test can be viewed as an extension of Fisher’s (1921) “exact test” for an association between two
binary variables. See Rosenbaum (1986) for more on permutation tests.
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categories. Reassuringly, all three DD estimates are roughly similar to the baseline DDD
estimate reported in Tables 3 and 4. Other changes in the control set — such as restricting
the control time period to the three months immediately before the intervention or limiting
the control categories to nearby products or products in other aisles — also do not affect the
estimates significantly (not reported).

Supplementary Tests. Some studies in the marketing literature (e.g., Anderson and
Simester 2003) find that demand drops discontinuously when prices cross integer thresh-
olds (such as $3.99 vs. $4.01), and that retailers respond to this by setting prices that end in
‘9’ to maximize profits. Indeed, the retailer we study sets most products’ pre-tax prices just
below the integer threshold — an observation that in itself supports our claim that individ-
uals focus on the pre-tax rather than the tax-inclusive price, since the tax-inclusive price is
usually above the integer threshold. In this vein, it is interesting to ask whether demand for
the products whose price crossed the integer threshold once taxes were included (e.g. $3.99
+ Sales Tax = $4.28) fell more than demand for products whose price did not cross the
integer threshold. We estimated a model analogous to (4) at the product level, including
an interaction of the treatment variable with a dummy for the product price crossing the
integer threshold. We find little systematic evidence that demand fell more for the products
that crossed the threshold, though the interaction effect is imprecisely estimated given the
small sample.

We also tested whether the intervention in the treatment categories had “spillover” effects
onto the nearby control categories. In particular, if showing tax-inclusive prices reduces
demand simply because individuals learn that these products are taxed, demand of nearby
similar products might also fall. We find no evidence of such a spillover effect: when we
estimate (4) with separate indicators for “adjacent” vs. “non-adjacent” control categories,
we find no significant differences in demand during the treatment period across these two
types of control categories. This suggests that the effects of the intervention were confined
strictly to the products for which tax-inclusive prices were posted, a result that is useful in

narrowing the class of models that fit the data.
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5 Evidence from Observational Data on Alcohol Sales

5.1 Research Design

We turn now to our second empirical test of whether tax salience affects behavioral responses
to taxation: comparing the effect of increases in prices and taxes on demand. We implement
this strategy by focusing on alcohol consumption, exploiting the fact that alcohol is subject
to two state-level taxes in the U.S.: (1) an ezcise tax that is levied at the wholesale level
and thus included in the price posted on the shelf (or on a restaurant menu) and (2) a sales
tax, which applies to alcohol (except in Vermont and Kansas) but is added at the register.
Hence, the excise tax (t¥) is as salient as the posted price (and effectively serves as an
instrument for the posted price). The sales tax (¢°) is less salient because it is not included
in the posted price in any state.

Our research design takes state-level legislated changes in the sales and excise tax rates
as exogenous, and examines the effects of these reforms on alcohol consumption. Replacing
p with (1 + t¥) in equation (1), we obtain the following specification for aggregate alcohol
demand as a function of the excise tax, sales tax, and the fraction of individuals who pay

attention to the sales tax (6).

log z(t?,15,0) = a + Blog(1 + t¥) + 03 1og(1 + t°) (6)

Since both the tax rates and alcohol consumption are highly autocorrelated series, we esti-
mate this model in first-differences. Letting ¢ index time (years) and j index states, define
the difference operator Az = xj, — z;,_;. Introducing a set of other demand-shifters (co-
variates) X and an error term ¢j; to capture idiosyncratic state-specific demand shocks, we

obtain the following estimating equation by first-differencing (6):
Alogz = ag + fAlog(l + tﬁ) + B0Alog(1 + tft) + Xjip + € (7)

We estimate (7) using OLS and test the hypothesis that the estimated gross-of-excise-tax
and gross-of-sales-tax elasticities are equal, as would be predicted if § = 1. This empirical

strategy complements the experimental intervention by offering evidence on the importance
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of salience over a longer horizon.

An important simplifying assumption we made in deriving (6) is that both the excise tax
and sales tax apply only to alcohol (and not the composite commodity y that represents all
other consumption). In reality, the sales tax applies to a broader set of goods than alcohol:
based on statistics on sales tax revenues and tax rates, approximately 40% of consumption
is subject to sales taxation in the average state. Hence, a 1% increase in t° changes the
relative price of z and y less than a 1% increase in t*. After presenting our baseline findings,
we present a calibration argument which suggests that the degree of bias from this issue is

unlikely to explain the magnitude of the estimated difference between the two elasticities.

5.2 Data and Summary Statistics

For simplicity, we focus exclusively on beer consumption, which accounts for the largest share
of alcohol consumption. Data on aggregate annual beer consumption by state are available
from the National Institute of Alcohol Abuse and Alcoholism (2006) from 1970-2003. These
data are compiled from administrative state tax records, which contain information on total
gallons of beer sold by wholesalers, because this measure determines tax liabilities (see
Nephew et. al. 2004 and Lakins et. al. 2004 for details on data construction). Note
that these data are more precise than comparable data from surveys of alcohol consumption
because they reflect total consumption in each state rather than a sample of the population.

State excise tax rates on beer are obtained from the Brewer’s Almanac (various years),
published annually by the Beer Institute. State sales taxes are obtained from the World
Tax Database (2006) at the University of Michigan. The state sales tax is an ad valorem
tax (proportional to price), while the excise tax is a specific tax (specified as cents per case
of beer). We convert the excise tax rate into percentage terms by dividing the beer excise
tax amount by the average cost of a case of beer in the United States, as calculated by the
Bureau of Labor Statistics (BLS).!! We also obtain annual data on state-level aggregate

covariates such as the state unemployment rate and state per capita income from the BLS

1 Because Hawaii and Alaska have higher price levels than the continental United States we follow Census
Bureau practice and adjust their price levels up by 15 and 25 percent, respectively, when calculating the
percentage excise tax rates for those states. None of our results are affected by this adjustment, nor by
excluding these states entirely.
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and BEA.

Table 6 provides summary statistics for this dataset. Between 1970 and 2003, the
average cost of a case of beer (twenty-four 12 oz. cans) was $14.05 in real 2000 dollars.
Mean per capita consumption of beer during this period was 23 gallons per year, equivalent
to roughly 240 cans. The (unweighted) mean excise tax over state-year pairs is $0.51 per
case, equivalent to 5.7 percent of the average price. The mean sales tax applied to alcohol
is 4.2 percent.

The excise tax rate varies significantly more than the sales tax rate both across states
and over time: the standard deviation of excise tax rates is 3 times as the standard deviation
of sales tax rates. In certain states — e.g. Alabama, Georgia, North Carolina, and South
Carolina — the effective tax rate has exceeded 25 percent in some years. FExcise taxes have
fallen as a percentage of price over time because the dollar value of the tax has generally not

kept up with inflation. In contrast, sales tax rates have increased secularly over time.

5.3 Results

We begin with a simple graphical analysis to illustrate the relationship between alcohol
consumption and taxes in Figures 2a and 2b. These figures plot changes in log beer con-
sumption per capita against log changes in the gross-of-excise-tax price Alog(1l + t¥) and
the gross-of-sales-tax price Alog(1 +t%). To make the range of changes in the excise tax
comparable to the smaller range of changes in the sales tax, we restrict the range of changes
in alcohol tax rates to +2 percentage points. Without this restriction, results are similar
and the effect of the excise tax on beer consumption is even more precisely estimated.

Figure 2a shows that there is a strong negative relationship between changes in the beer
excise tax and beer consumption. Figure 2b shows that the relationship between beer
consumption and sales taxes is considerably flatter. These figures suggest that excise taxes
and sales taxes have differential effects on beer consumption.

To quantify the magnitude of the differences in the excise and sales tax elasticities, we
estimate variants of the model in (7). In column 1 of Table 7, we estimate the model
including only year fixed effects. A 1% increase in the gross-of-excise-tax price is estimated

to reduce beer consumption by 1.17% (i.e. €,144# = —1.17). In contrast, a 1% increase
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in the gross-of-sales-tax price is estimated to reduce beer consumption by only 0.36% (i.e.
€1+t = —0.36). The null hypothesis that the excise and sales tax elasticities are equal is
rejected with p = 0.05. In columns 2 and 3, we investigate the robustness of this result to
the inclusion of state-level controls such as population growth, income growth, and changes
in the unemployment rate. The difference between the effects of the excise and sales taxes
remains large, and tests of equality of the tax elasticities are rejected. Finally, in column 4,
we take differences over three years instead of one year and re-estimate the baseline model.
Results are broadly similar, suggesting that even in the long run, an increase in the excise
tax rate has a large negative effect on alcohol consumption, while a similar increase in the
sales tax does not. Hence, consistent with the evidence from the experimental intervention,
this analysis suggests that 6 is close to zero: most individuals appear to focus on posted

prices rather than full tax-inclusive prices when making consumption decisions.

6 Information vs. Tax Salience: Survey Evidence

The evidence documented thus far indicates that behavioral responses to commodity taxation
depend substantially on whether taxes are included in posted prices. There are two potential
explanations for this finding. One is that customers are uninformed about the sales tax rate
or the set of goods subject to the sales tax. In this case, showing the tax-inclusive price
tags may have provided new information about tax rates, leading to a reduction in demand.
An alternative explanation is that individuals normally do not compute the tax-inclusive
price when shopping, and focus instead on the pre-tax price, which is more salient because
it does not entail any computation. Distinguishing between the information and salience
mechanisms is useful in developing a model that matches the evidence.

There is some suggestive evidence pointing toward the salience mechanism in the pre-
ceding empirical analysis. The fact that the experimental intervention had no detectable
“spillover” effects on the taxable categories adjacent to the treatment group suggests that
individuals did not simply learn that these types of goods were subject to sales tax. Sim-
ilarly, the return of demand to pre-experiment levels after the intervention ended suggests

that there were no persistent learning effects. In the alcohol consumption analysis, the
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persistence of the difference between the excise and sales tax elasticities over longer horizons
also points toward the importance of salience. Individuals continue to respond less to the
sales tax even after they have had considerable time (e.g. 2 or 3 years) to acquire new
information.

To test between the information and salience hypotheses more directly, we surveyed 91
customers entering the treatment store in August 2006 about their knowledge of sales taxes.
Survey respondents were offered small in-kind incentives such as candy bars and sodas to
spend a few minutes filling out the survey, which is displayed in Exhibit 2. After collecting
basic demographic information, the survey asked individuals to report whether each of eight
goods (e.g. milk, cookies, beer) were subject to sales tax or not. A number of individuals
remarked while filling out the survey that they did not think about taxes while shopping,
and therefore were hesitant to report which goods were taxed. These individuals were
encouraged to mark their best guess, in order to avoid nonresponse bias and maximize data
on tax perceptions. To assess whether knowledge of taxes is correlated with experience,
we also asked whether individuals had purchased each of these goods recently. Finally, we
asked three separate questions about knowledge of tax rates — the local sales tax, the state
income tax, and the federal estate tax.

The results of the survey are summarized in Figure 3. Knowledge about sales taxes is
generally quite high. The median respondent answered 7 out of 8 of the questions about
taxable status of the goods correctly. The general pattern that people appear to know
is that “food is not taxed, inedible items and ‘sin’ goods are taxed.” For example, more
than 80 percent knew that milk is not taxed and that toothpaste is taxed. More than 90
percent answered correctly that beer and cigarettes are taxed. Exceptions to this general
heuristic — soda and cookies — led the most errors. In California, carbonated beverages are
subject to sales tax, while cookies (junk food) are not. These two goods accounted for the
largest share of mistakes: 25% answered incorrectly that Coca Cola is untaxed, while 35%
answered incorrectly that cookies are taxed. Knowledge of the sales tax rate is also quite
good. Almost 80 percent reported the sales tax rate to within 0.5 percentage points of the
true rate, and 15 percent answered exactly 7.375 percent.

We also explored whether knowledge about sales taxes varies by demographic groups.
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Knowledge of taxes — measured as fraction of items whose tax status was identified correctly
or deviation in reported sales tax rate from the true rate — is high across all levels of education,
among both men and women, and among both single and married individuals. Age and the
number of years lived in California are also uncorrelated with knowledge of taxes. Individuals
who answered the income and estate tax questions correctly were no more likely to get the
sales tax questions correct. Multivariate regressions indicate that these factors do not jointly
predict tax knowledge either.

Only 8% of individuals answered the estate tax question correctly (<2%), consistent with
the results of other surveys. On the income tax question, many respondents had trouble
distinguishing the California state income tax from the federal income tax, and reported
rates that are more consistent with federal tax rates. Knowledge of sales taxes may be
greater than knowledge of income or estate tax rates because consumers see the sales tax
rate repeatedly (e.g., on receipts), but only see the income and estate tax rates occasionally
(if at all).

In summary, most individuals are well informed about commodity tax rates when their
attention is drawn to the subject. This finding, coupled with the evidence that behavioral
responses to taxation are larger when taxes are included in posted prices, implies that many
individuals choose not to compute tax-inclusive prices when making consumption decisions.

As a result, tax salience affects behavioral responses to taxation.

7 A Model of Bounded Rationality and Taxation

The preceding evidence indicates that the canonical model used to analyze tax policies in
public finance — in which agents take all taxes into account when making decisions — fails to
describe observed behavior. What alternative model does match the finding that salience
affects behavioral responses to taxation? The remainder of the paper focuses on constructing
a model consistent with the findings above, while providing a tractable framework in which
to analyze standard topics such as incidence and efficiency.

We model limited attention to taxation using a model of “boundedly rational” agents,

who face small costs of cognition in choosing optimal behavior. Bounded rationality is an
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attractive model of failures to optimize in public finance applications because it has a clearly
defined measure of welfare. In this model, social welfare is simply total utility less cognitive
costs. Since there are no differences between an agent’s preferences and the preferences that
enter the social welfare function, one can use revealed preference to calculate the efficiency
and welfare consequences of policies. This property turns out to be useful in deriving

formulas for efficiency and incidence of taxes using this behavioral model.

7.1 Model Setup

Consider a static model where an agent has an additively separable quasiconcave utility
function u(z) 4+ v(y) over two goods, x and y. Normalize prices to 1. Let ¢ denote the
legislated (true) tax rate on good = and assume that good y is not taxed. Let Z denote the
agent’s total wealth, which we take to be fixed initially and later allow to depend on labor
supply.

To model bounded rationality, assume that the agent is imperfectly informed about the
tax rate on good z (and knows with certainty that good y is not taxed). The agent has a
prior distribution on the tax rate F'(t), which has an upper bound ¢ < ¢t. That is, the agent
knows with certainty that the true tax lies below . The agent can compute the exact value
of the tax on good x by paying a fixed cognitive cost c. If he chooses not to compute the
true tax, the agent uses the heuristic of assuming that the the tax rate is t¥ < ¢, which we
refer to as the “perceived tax,” when making consumption decisions.

Quasilinear Utility. Tt is instructive to begin with a case without income effects. Assume

that utility is quasilinear in the untaxed good y, i.e. v(y) =y. Then utility is given by

u(z) + y.

Assume u'(x) > 0, v’(z) < 0, lim, ,ou'(x) = oo, and v/ (Z) < 1 to guarantee an interior
optimum at any ¢ > 0.

The agent makes two choices: whether to learn the true tax rate ¢ and how to allocate
consumption given his knowledge of the tax rate. This problem can be divided into a two-

stage maximization: (1) choose an optimal bundle for any given perceived tax rate t*; (2)
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decide whether to spend ¢ on computing the true tax rate.

A key difficulty in constructing a model where agents misperceive true prices is that
the consumption choices must nevertheless satisfy the true budget constraint in order to be
feasible:

r(l+t)+y=2

Thus, one must specify how the agent chooses x and y to maximize his utility with a possibly
misperceived tax rate t? while satisfying the true budget constraint. A natural assumption
in the case where good x is small relative to the overall budget is that the agent chooses x

first, given his true perceived tax, and then spends his true residual wealth on y:

y=27—(1+t)x

The issue of how the budget constraint is satisfied is particularly important when utility is
not quasilinear, and we defer detailed discussion of this assumption to that case. Under
the assumption that z is chosen first, at any given perceived tax rate tP, the agent sets

consumption of x as

2P = argmaxu(x) + Z — (1 +tP)x.

The optimal x? satisfies

w(xP) =1+t,

and hence the agent consumes

y=2—(1+t)z"

Characterization of the Cognitive Decision. Now consider the decision of whether to pay
the deliberative cognition cost and compute the true tax on x. A partial characterization of
this decision can be obtained by asking the question, “How much does the agent’s utility rise
(measured using a money metric) if he computes the true tax rate in the state where t = ¢,
the maximum possible value?” If this value is below the cost of cognition ¢, then the agent
will choose not to compute the true tax irrespective of the shape of his prior distribution

F(t). By answering this question, we can identify a sufficient condition on the range of tax
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rates such that the agent will choose not to compute the exact tax rate for a given cost c.
Let z*(t) and y*(t) denote the agent’s optimal choices of x and y when he knows that the
true tax rate is t. Note that u/(z*(t)) = 1+¢. Then the agent’s utility gain from computing

the tax rate in the state where the true tax is ¢ is

G(t) = u@@)+Z—Q+)a"(t) — [u(zP)+ Z — (1 +t)z?

= u(@(t)) —u(=”) + 1+ 1)@ —2"(1)).

Note that G(¢) is a money metric since utility is quasi-linear in y. Taking a second-order

Taylor approximation of u(x) around x* and using the first order condition for z*, we obtain:

G =~ ula) — ") + ol @) (@ — 2 (D) + o (5) a? — 2 (B) + (1 +0)a” —2*(D)
= W) (D) — a?)?

Finally, use the linear approximation z*(t) — 2f = g—t”;(f —t,) to obtain:

- 10z - 1 x
Gt) ~ —c—(t—1,)° = sepp—T1" 8
where €, , = —g—i% denotes the price elasticity of x and T' = ¢ — t,, denotes the maximum

potential deviation in the tax rate from the perceived tax rate. This expression shows that
the gain from computing the exact tax rate in the state where ¢ is at its maximum varies with
the square of maximum possible error in the tax rate. Hence, the welfare costs from failing
to compute the correct tax rate when optimizing consumption are second-order. Given a
cognitive cost ¢, the agent will therefore rationally choose not to compute the exact tax rate
if

1 14+t
ey T <c=T< [2u]1/2.
2 71 +4, TEqp

The threshold 7" is a lower bound for the range of taxes which the agent will rationally
ignore. This threshold is increasing in ¢, as one would expect, reflecting the intuition that

higher cognitive costs make it rational to ignore a broader range of taxes. Next, consider
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the minimum width of the range of ignored taxes relative to the cost of cognition:

T

1+t
; _ [2($j p)]1/2 % C—1/2 (9)
x?p

This expression shows that as cognitive costs become small, the range of taxes that are

ignored grows small at a slower (square root) rate. Hence

. T
lim — = oo,
c—>0 ¢

showing that for infinitesimally small cognitive costs, the range of taxes that are rationally
ignored remains non-negligible. Mathematically, the source of this result is the envelope
condition that arises from agent optimization, which guarantees that small changes in be-
havior (as would be induced by learning about small deviations in tax rates) have negligible
effects on utility. The envelope condition causes the first-order (u') terms to drop out in
G(t), leading to the result that the gain from computing tax rates is bounded below by a
second-order function of the maximum deviation in the tax rate. Figure 4 illustrates the
result geometrically. In this figure, the individual’s welfare loss from failing to optimize
relative to the true tax is given by the lost consumer surplus, triangle A. The size of this
triangle is given by $(f — ,)( %Kf —t,)), which is precisely the expression for G(t). As the
maximum tax rate ¢ approaches t, the size of this triangle diminishes at a second-order rate
because both its height and width diminish linearly.

The economic intuition for the result is that there is little to be gained from adjustments
following small changes in prices when one is already at an optimum to begin with. Hence,
an agent who has small cognitive costs will not pay attention to the details of tax policies
that he thinks are likely to induce at most small changes in true prices when choosing a
consumption bundle. This result parallels Akerlof and Yellen’s (1986) well-known result
that near-rational firms will ignore monetary shocks, leading to sticky prices.

The practical implication of this result is that small cognitive costs can lead to substantial
ignorance of taxes. We quantify what “small” and “substantial” mean by calculating the
minimum range of taxes that are ignored for various levels of the cognitive cost ¢ using

the formula in (9). Table 1 presents the results of this exercise for various values of the
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demand elasticity ., and expenditure on the good, . The range of taxes that are ignored
with small cognitive costs is large. For example, Table 1 shows that tax changes of +/-10
percentage points on a commodity on which the agent spends $10,000 and has a demand
elasticity of —1 are ignored if the cognitive cost ¢ > $50.

General Case. The basic result established above also applies in the general case when

utility is not quasilinear. In this case, the agent’s utility is

u(r) +v(y)
His perceived budget constraint is
z(l+t,)+y=2
His actual budget constraint, which must be satisfied, is
r(l+t)+y=2
If the agent responds only to the perceived tax rate at the margin, he will set

u'(x) = (1+1,)v'(y). (10)

This first order condition determines the consumption of x relative to y but not the level
of consumption of x unless utility is quasilinear in y, in which case the marginal dollar is
always allocated to y. Therefore, in choosing the level of x when utility is not quasilinear,
the agent needs to know his total net-of-tax income. The key difficulty in solving this
There are two ways to “close the model” given this problem, which can be thought of as
variations in the order in which consumption of the two goods is chosen: (1) Choose x first.
The agent chooses x? based on (10) given total income Z, and finances his spending on y
using what’s left: y = Z —aP(1+t). (2) Choose y first. The agent chooses y? based on (10)

given total income Z, and finances his spending on x using what’s left: © = lery: We focus

in this paper on the solution where the agent chooses x first; the key qualitative results hold
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in the second case as well.!?

It is straightforward to establish that second order costs of cognition will again generate
a first-order band of taxes that are rationally ignored, as in the quasilinear case. Let x*()
and y*(t) denote the optimal consumption allocation given a true tax rate t. Then the gain

in utility from computing the true tax in the state where t =t is:
G(t) = u(@™ (1)) + v(Z = (L+ )" (1)) = [u(a”) + v(Z = (1 +t)a")]

Second-order Taylor expansions and algebra along the lines above yields the following ex-

pression:

_ 1 9 LEqzp

GO = -0V

T e,
where A\ = o/(y)=—2

Y&eyp
The expression for G(t) in the general case differs from that in the quasilinear case in (8) by
the factor A. The factor A corresponds to the income effect of a tax-change, which leads to
a shift in demand for y relative to demand for x beyond the pure price effect. This income
effect does not emerge in the quasilinear case, leading to A = 1. Nevertheless, even when
utility is not quasilinear, G(¥) remains a quadratic function of T, implying that second-order
cognitive costs will still generate a first-order range of inattention to taxes.

We conclude that bounded rationality can explain the empirical evidence on tax salience
documented in sections 3 and 4. The welfare gains from optimizing relative to true taxes on
cosmetics or alcohol are likely to be very small, particularly if the individual knows that the
tax rate on such goods is at most £ = 10%. Therefore, individuals with limited attention
spans or cognitive costs may rationally use the heuristic of focusing on the “salient” posted

price rather than computing the tax-inclusive price for each product.

12The model can be easily extended to make the choice of the decision rule endogenous by allowing the
agent to calculate the expected utility of each rule, taking into account his uncertainty about the tax rate.
The agent then follows the rule that yields higher expected utility, which ultimately results in the behavior
characterized here. In the quasilinear case, it is easy to establish that choosing the good with diminishing
marginal utility first () is optimal using Jensen’s inequality. See Reis (2006) for a related analysis of the
choice between a consumption and savings rule in a lifecycle savings model.
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7.2 Individual Welfare vs. Social Welfare

A potential concern with the bounded rationality framework is that if agents experience
second-order welfare losses from ignoring taxes, the effects of these taxes on revenue and
social welfare may also be second-order. Put differently, can bounded rationality explain
inattention to taxes only when they have negligible effects on the government’s objective?
If this were the case, the set of policies for which bounded rationality is a useful description
of behavior would inherently be unimportant from a policy perspective.

In this subsection, we address this issue by computing the change in revenue and social
welfare from a tax increase that is rationally ignored by a boundedly rational agent. Our
main result is that tax changes will in general have first-order effects on revenue and social
welfare even though they have second-order effects on the agent’s utility. We begin with
a graphical illustration of the intuition for this result, and then establish it formally. For
simplicity, we focus on the case of quasilinear utility throughout this section; we derive
formulas for the welfare costs of taxation with a general utility in section 6.

Graphical Intuition. Consider a good that is initially subject to a tax ty that is included
in the posted price (and hence fully perceived by agents — ¢, = ty). Let us compare the
consequences of adding a tax At as a further increment to the posted price or as a separate
tax paid separately (such as a sales tax). To do so, we analyze the effects of such a tax
increase on individual welfare, tax revenue, and social welfare. Figure 4 presents this analysis
for the case of quasilinear utility, where demand for the taxed good () depends only on its
tax-inclusive price, and there are no income effects.

First consider the case where the tax increase is not salient (e.g., not shown in the posted
price). The loss in individual welfare from failing to re-optimize in response to the tax
increase is shown by triangle A, whose area equals AU = —%%(At)? As discussed above,
AU is a second-order function of the change in the tax, At. Next, consider the change in
tax revenue from the tax increase. The change in revenue is given by the rectangle B, whose
area equals AR = x(tg)At. Since AR is a linear (first-order) function of At, even though
the change in the tax may cause a trivial welfare gain from re-optimization, it can generate

a large amount of revenue for the government. Finally, consider the change in social welfare
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from this tax. Since there is no change in consumption of the good when the agent ignores
the tax change, the change in social welfare AW = 0, because the un-salient tax is equivalent
to a lump-sum tax when utility is quasilinear (see section 6 for further details, including a
discussion of why this equivalence result fails when utility is not quasilinear).

Now compare these results to the case where the tax is salient (e.g., included in the
posted price). Here, the agent pays no cognitive cost to respond to the tax change, and thus
re-optimizes his consumption choice. The change in revenue from the salient tax increase is
ARy = x(tg) At — tl%At, where the latter term reflects the loss in revenue from the agent’s
behavioral response. The change in social welfare if the individual were to respond to the

tax is given by the “Harberger trapezoid” with area

102 9 Oz

Note that the area of this trapezoid varies at a first-order level with A¢. This analysis
shows that whether a tax increase is made salient or not has a first-order effect on social
welfare and government revenue, even though the welfare costs to the agent of ignoring the
tax change are second-order. Intuitively, the difference arises because the agent imposes a
fiscal externality on the government when he reduces consumption of the good in response
to the tax. This loss in revenue constitutes a first-order loss in social welfare, but does not
affect the agent’s private welfare because he does not receive that surplus.

Formal Derivation. We now derive the formulas above using a quadratic approximation
to the utility function u(x). The expression for AU was already derived in the previous
section. Tax revenue with a tax rate of ¢ is given by R(t) = tz(t). When the agent has a

cognitive cost ¢ > AU, behavior is unchanged and the change in revenue is simply

When ¢ < AU (or when the tax is salient to begin with), the agent will re-optimize con-
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sumption. In this case,

AR = tlfL‘l - tol’o = At![‘o — tl%At

t
= Atﬂfo — ! ELPJT()At
0

141

Social welfare is defined in the quasilinear case as

W(t) = u(xt) +y(t) + R(1)
= w(z(t)+Z — (14 t)z(t) + tx(t)

= wu(z(t)—z(t)+Z
Hence, the deadweight loss from raising tax from tq to t; is
AW = [u(z(ty) — x(t1)] — [u(z(to) — x(to)]

If the agent does not perceive the tax increase, x(t1) = x(tp) and AW = 0. If the agent does
re-optimize in response to the tax change, approximations analogous to those used above

give

ox 10z

to— At + —— (At)?

0ot +28t( )

to 1 ¢

= —¢, At + = —2P 20 (A)?
1+ 1y 2P0 +21—|—t0x0( )

AW =

Calibrations. To illustrate the quantitative importance of the differences between individ-
ual welfare, social welfare, and government revenue, we report calibrations similar to those
in Table 5. We consider a good on which the agent spends x = $10, 000, and compute AU,
AR, AR, and AW, for a range of tax increases, starting from an initial rate of ty = 10%.
For example, a tax increase of 10% raises revenue by 10% and (if imposed saliently) reduces
social welfare by 2.4%; but the loss in welfare from failing to optimize with respect to this
tax change is only AU = 0.4%.

The policy relevance of this result can be seen with the following example. Suppose
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boundedly rational agents perceive payroll taxes (e.g. SS, DI, Ul) as a pure tax on the
margin because the tax-benefit linkage is opaque. By reforming policy so that this link
is more transparent, the government can reduce boundedly rational agents’ perceived tax
rates. This reform will only have small benefits for agents in terms of improved welfare
due to better optimization (which is why they ignore the details of these policies in the first
place). However, the social surplus gained from making these policies more transparent could
be large. Lowering agents’ perception of taxes raises labor supply and raises government
revenue through the income tax. This fiscal externality leads to an increase in social surplus:
for example, if the government has a fixed revenue requirement, it can lower tax rates, thus
raising individuals’ welfare.

The broader point of this analysis is that tax policies that are “important” from the
government’s perspective may nevertheless create small utility costs from failures to optimize
at the individual level. Hence, bounded rationality and salience effects could be relevant
in the analysis of many of the tax policies that have received attention in the academic and

policy debate.

8 Tax Heuristics and Stylized Facts

In addition to matching the empirical evidence on salience, the bounded rationality frame-
work makes sharp predictions about the types of heuristics that agents will use when faced
with complex tax policies. These heuristics can be identified by asking, “How much would
an individual pay to learn about each aspect of the tax code (marginal rates, average rates,
kink points, etc.)?” By conducting this calculation for each feature of the tax code, one
can at least partially characterize how an agent with a cognitive cost ¢ will perceive the tax
schedule. This heuristic can then be used to predict behavioral responses to tax policies
more precisely.

In this section, we illustrate this idea using three examples: average vs. marginal tax
rates, cliffs vs kink points, and behavioral responses among the rich vs. poor. We then dis-
cuss how the implied heuristics match stylized facts about behavioral responses to taxation.

Average vs. Marginal Rates. Liebman (1998) and Liebman and Zeckhauser (2005) point
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out that agents tend to be much more aware of and responsive to average tax rates relative to
marginal rates.!® In contrast, much of the theoretical and empirical public finance literature
has focused on analyzing marginal rates under the presumption that these rates are the key
determinants of behavior for an unboundedly rational agent. Here, we evaluate which rate
is most relevant to a boundedly rational agent. In particular, we compare the welfare gains
from optimizing relative to the marginal tax rate on labor income and the average tax rate
on labor income.

We find that the welfare gains from computing and responding to the average rates
exceeds the welfare gains from responding to the marginal rate significantly. Mistakes in
the average rate can lead to errors in budgeting of consumption goods, with potentially
greater costs to utility than errors in marginal labor supply decisions. To see this point,

consider a utility function of the following form:

1

_—l1+1/0
1+1/o

u(fohyl) = (W4 f70) 7
where h and f are untaxed consumption goods and [ denotes labor supply. The agent’s true

budget constraint is

Frh=Z=yl—t,)+w(l—tm)l

where Z denotes total income, y denotes unearned income (e.g. income from spousal labor
supply, capital income, or wage income from another job), w denotes the marginal wage rate,
t, is the tax on unearned income, and ¢, is the marginal tax rate on labor income.

The agent’s optimization problem can be solved using two-stage budgeting: first choosing
the optimal consumption bundle for a given level of income Z, and then choosing [ to

maximize total utility:

max v(y((1 —t,) +w(l —t,)]) — %l“

st v(Z) = max(h~" +(Z = h) ")

13The demand for information about average rates is indirectly evident in wage and tax return statements,
which typically show average tax rates and net-of-tax income, but typically do not show marginal rates.
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Given the functional form of utility, v(Z) is homogeneous of degree 1 in Z. Hence, indirect
utility in the second stage maximization problem over [ is effectively quasilinear. Thus, the
optimal choice of [ satisfies

= k(w(l —tm))”

where k = 270+5), Hence, under this utility function, the agent’s optimal labor supply
choice depends only on the marginal tax rate and not the average rate.
To simplify, first consider the case of Cobb-Douglas utility (where p = 0). In this case,

the utility function reduces to

1

1+1/o0
1+1/o

u(f,h 1) =haf?
Let ¢ and t7, denote the agents perceived tax rates, and assume without loss of generality
that consumption of good h is chosen first. Then the agent’s consumption and labor supply

allocation is

P~ -
o= =)+l - )

fPo=y((1=ty) +w(l =)l — P

In Table 8, we present calibrations showing the value of providing the agent with two types
of information: (1) information on the marginal rate, t,,, and (2) information on total net-
of-tax income, Z = y((1 —t,) + w(l — t,,)I’. Note that (2) is equivalent to providing
information about the average tax rate at the boundedly-rational level of labor supply. The
calibrations show that providing information about net-of-tax income is far more valuable
than information about the marginal rate. The intuition underlying this result is straight-
forward. Knowledge about the average tax rate is valuable in budgeting consumption: if the
agent misestimates the average rate by +/-10%, he misallocates a large amount of money
from f to h. In contrast, if the elasticity of earned income with respect to t,, is not too
large, the marginal welfare cost of under or over-supplying labor because of the misperceived

wage is much smaller. More concretely, if agents underestimate their average tax rate, they

40



may substantially over-spend on housing relative to food, with a sharp utility cost. If they
underestimate their marginal tax rate, they may work somewhat more relative to their opti-
mum, with lower welfare costs. This example illustrates that boundedly rational agents are
more likely to know and respond to average rates than marginal rates.

To highlight the key role of the budgeting distortion in this result, consider instead the
case where h and f are perfect substitutes: p = —1. In this case, the utility does not depend
on how Z is allocated between f and h, and hence v(Z) = Z. In this case, the agent would
be unwilling to pay anything for information about ¢,, since it affects neither his labor supply
decision nor his consumption allocation decision. In contrast, the agent would be willing
to pay for information about ¢,,, as in the two-good case analyzed above. Hence, insofar as
agents have diminishing marginal utility over goods and therefore make budgeting decisions
— an intuitively plausible condition — average rates are likely to be particularly important.
Heightened awareness and responsiveness to average rates relative to marginal rates may
therefore be consistent with rational behavior by agents who face cognitive costs and face

important budgeting decisions.

9 Conclusion

The broad objective of this paper has been to incorporate insights from the literature on
psychology and economics into public finance to better understand the consequences of tax
policies. Evidence from a field experiment and observational data both show that behavioral
responses to taxation of commodities differ significantly based on whether the tax is included
in posted prices. Since individuals appear to be well informed about sales taxes when their
attention is drawn to the topic, these findings indicate that tax salience has a substantial
impact on behavior. This result contradicts the assumption of full optimization against
tax schedules in existing public finance models. As a tractable alternative, we constructed
a simple model of boundedly rational agents, and showed that small costs of cognition
can explain our empirical findings as well as a number of other stylized facts. Somewhat
surprisingly, small cognitive costs can affect the efficiency and welfare consequences of a

broad range of large-scale tax policies. The model yields simple Harberger-type formulas for
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incidence and efficiency costs of taxation that can be easily adapted to other applications.
We view our empirical and theoretical analysis as a first step in analyzing tax policy in an
environment that departs from the traditional unbounded rationality framework. This basic
approach could be generalized and refined in a number of dimensions. Empirically, it would
be interesting to revisit studies that have estimated behavioral responses to taxation and
calculate the utility cost of failing to optimize against the tax changes used for identification.
This analysis could shed light on which of the tax reforms used in the literature are most
likely to overcome limited attention constraints and identify the underlying price elasticities
relevant for efficiency and welfare analysis. Theoretically, there are a number of positive
and normative topics that could be analyzed in richer models of bounded rationality and
inattention. For example, the formation of tax perceptions may be much more important
than the particular marginal rates that an individual faces. Such analysis could shed further
light on issues such as consumption taxation (where taxes are likely to be included in posted
prices) and the value of tax simplification, topics that have attracted attention in the recent

policy debate on tax reform.
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TABLE 1
Descriptive Statistics: Grocery Stores

Treatment Store Control Store #1 Control Store #2
A. Store Characteristics
Mean Weekly Revenue ($) 307,297 268,193 375,114
Total Floor Space (sq ft) 41,609 34,187 37,251
Store Opening Year 1992 1992 1990
Number of Product Categories 111 110 112
B. City Characteristics (in 1999)
Population 88,625 96,178 90,532
Median Age (years) 33.9 31.1 32.3
Median Household Income ($) 57,667 51,151 60,359
Mean Household Size 2.8 29 3.1
Percent bachelor's degree or higher 194 204 18.2
Percent Married 60.2 56.9 58.1
Percent White 721 56.2 65.3
Distance to Treatment Store (miles) 7.7 27.4

NOTES -- Data on store characteristics obtained from grocery chain. Weekly revenue statistics based on sales in
calendar year 2005. Data for city characteristics are obtained from the U.S. Bureau of the Census, Census 2000. Control
stores were chosen using a least-squares minimum-distance criterion based on this set of variables.



TABLE 2

Descriptive Statistics by Product Groups

Treatment Store Control Store #1 Control Store #2 Total
Treatment Control Treatment Control Treatment Control All Stores
Products Products Products Products Products Products and Products

A. Category Level Statistics:
Weekly revenue $84.80 $134.63 $86.60 $142.59 $104.70 $161.83 $139.24
per category (83.0) (169.6) (83.0) (187.5) (100.9) (224.2) (186.0)
Weekly quantity sold 21.73 26.35 23.10 28.15 26.69 32.15 28.23
per category (23.9) (37.0) (24.4) (41.4) (29.5) (51.5) (42.2)
Number of categories 15 96 15 96 15 96 111
B. Product Level Statistics
Pre-tax product regular price 4.46 6.26 4.37 6.30 4.64 6.32 6.05

(1.8) (4.3) (1.6) (4.4) (1.8) (4.1) (4.1)
Pre-tax product regular price 4.27 5.61 4.16 5.58 4.38 5.60 5.45
(weighted by quantity sold) 4.7) (3.9) (1.6) (3.9) (1.7) (3.7) (3.7)
Weekly quantity sold 1.47 1.82 1.58 1.95 1.63 2.01 1.88
per product (conditional >0) (0.9) (1.6) (1.0) (1.8) (1.1) (2.0) (1.7)
weekly quantity sold > 0 0.31 0.41 0.37 0.44 0.33 0.45 0.42
(indicator for positive sales) (0.5) (0.5) (0.5) (0.5) (0.5) (0.5) (0.5)
Average number of products 223 1391 205 1389 245 1548 1670
sold per week (21) (51) (18) (59) (20) (58) (112)

NOTES--Standard deviations in parentheses. Statistics are based on sales between 2005 week 1 and 2006 week 15. Data source is scanner data obtained from grocery chain.
"Treatment products" are the set of products for which tax-inclusive prices were shown in the experimental period; "control products" are unaffected products located near the
treatment products. See Appendix Table 1 for list of treatment and control categories. Product price reflects actual price paid, including any discount if product is on sale (not
including the sales tax). Because scanner data includes only records of items sold in each week, we impute prices for items that were not sold using prices from preceding and
subsequent weeks. In addition, we impute zero quantity and revenue for 7 percent of category-weeks during which no sales were recorded. See appendixfor details on this

imputation procedure.



TABLE 3
DDD Analysis of Means: Weekly Quantity by Category

TREATMENT STORE
Period Control Categories Treated Categories Difference
Baseline 26.20 21.81 -4.39
(2005:1- (0.22) (0.34) (0.41)
2006:6) [5568] [812] [6380]
Experiment 27.04 20.69 -6.35
(2006: 8- (0.86) (0.95) (0.60)
2006:10) [288] [42] [330]
Difference 0.84 -1.12 DD+ = -1.96
over time (0.74) (0.86) (0.64)
[6200] [854] [6710]
CONTROL STORES
Period Control Categories Treated Cateqgories Difference
Baseline 30.10 25.05 -5.05
(2005:1- (0.24) (0.28) (0.31)
2006:6) [11136] [1624] [12760]
Experiment 30.28 25.28 -5.01
(2006: 8- (0.71) (0.98) (1.03)
2006:10) [576] [84] [660]
Difference 0.18 0.23 DD¢s = 0.04
over time (0.63) (0.86) (0.90)
[11712] [1708] [13420]
DDD Estimate -2.01
(0.58)
[20130]

a. Each cell shows mean number of units sold by category and promotional week, for
various groups.

b. A promotional week is a standard calendar week, but which begins on a Wednesday
instead of a Monday, and ends the following Wednesday.

c. The Experimental period spans promo week 8 in 2006 to promo week 10 in 2006. The
Baseline period spans promo week 1 in 2005 to promo week 6 in 2006.

d. Sales at the two control grocery stores were combined to produce the control store
group. For a classification of treatment categories, see Table 1. For a classification of
control categories, see Table 2.

e. Standard errors in parentheses (clustered by week), number of observations in
brackets.



TABLE 4
Effect of the Experiment on Sales: Regression Estimates

Quantity per Quantity per Revenue per Log quantity per Log revenue Price paid per

Dependent Variable: category category category category per category product
()] 2 3) 4) (5) (6)
Treatment -2.00 -1.98 -12.20 -0.08 -0.11 -0.13
(0.59)*** (0.59)*** (4.71)* (0.04)** (0.05)** -(0.090)

Average Price -7.13 -10.09 -1.4 -0.37

(0.08)*** (0.34)** (0.01)*** (0.01)***
Average Price Squared 0.14 0.15

(0.00)*** (0.01)**
Implied Price Elasticity -1.34 -2.08 -1.40
Sample size 20,252 20,252 20,252 19,002 19,002 304,860

Standard errors in all specifications are clustered on promo week.

All columns report estimates of the linear regression model as specified in text.

Quantity and revenue reflect total sales of products within a given category in a given promotional week in a given store.
Average Price is an average of the prices of the goods for sale in each category.



TABLE 5
Experiment Estimates: Restricted Samples

Full Sample Restricted Samples
Dependent variable: Treat. Categories Treat. Categories Treat. Store Treat. Time
Quantity Per Category
(1) (2) 3) (4)
Treatment -2.05 -1.40 -2.19 -1.49
(0.59)*** (0.31)*** (0.62)*** (0.63)
Before Treatment 0.04
(0.96)
After Treatment 0.15
(0.71)
N 2,1580 2,684 6,771 996

Dependent variable in all specifications is quantity sold per category per week.Standard errors in all specifications
are clustered on promo week. Specification 1 includes "placebo" treatment variables (and their interactions) for the
3 week period before the experiment and the 3 week period after the experiment. Specifications 2-4 report DD
estimates. Specification 2 restricts the sample to treatment categories only. The "Treatment" variable is defined as
the interaction between the treatment store dummy and treatment time dummy. Specification 3 restricts to the
sample to treatment store only. The "Treatment" variable is defined as the interaction between the treatment
category dummy and the treatment time dummy. Specification 4 restricts to the sample to treatment period only.
The "Treatment" variable is defined as the interaction between the treatment category dummy and the treatment
store dummy.



Table 6
Summary Statistics for Alcohol Excise Taxes, Sales Taxes and Alcohol Consumption

Beer Excise Tax (Cents/Case) 0.50
0.46
Beer Excise Tax (Percent) 5.5
5.4
General Sales Tax (Percent) 4.2
1.8
State Beer Consumption (Gallons) 106916
118759
State Per-Capita Beer Consumption (Cans/Pop.) 243.1
46.1
N 1734

Means; standard deviations in italics.
Source: Brewer's Almanac 2005; National Institute on Alcohol Abuse and Alcoholism;



Table 7
Effect of Excise and Sales Taxes on Beer Consumption

Dependent Variable: Change in Log(per capita beer consumption)
3-year
1-year differences differences
ALog(1+Excise Tax Rate) -1.17 -1.15 -1.15 -1.17
(0.25)*** (0.25)*** (0.25)*** (0.41)***
ALog(1+Sales Tax Rate) -0.36 -0.36 -0.12 0.03
(0.30) (0.30) (0.30) (0.31)
ALog(Population) 0.10 -0.16
(0.07) (0.09)*
ALog(Income per Capita) 0.22
(0.05)***
ALog(Unemployment Rate) -0.01
(0.01)
Year Dummies Yes Yes Yes Yes

F-Test for Equality of Tax

Variables (Prob>F) 0.05 0.05 0.01 0.02

Observations 984 984 937 924

Notes: Dependent variable is the first-differenced log of per capita beer consumption (from
National Institute on Alcohol Abuse and Alcoholism). Source of tax data is Brewer's
Almanac (2005) and the Univ. of Michigan World Tax Database.

Standard errors in parentheses * significant at 10%; ** significant at 5%; *** significant at 1%



TABLE 8
Calibration: Welfare Cost of Ignoring Taxes

Implied Welfare Loss from Failure to Optimize ($G):

X =1000 X,=10,000
Exp=0.5 Exp=1 Exp=0.5 Exp=1
T

0.05 0.63 1.25 6.25 12.50
0.1 2.50 5 25 50
0.2 10 20 100 200
0.3 22.50 45 225 450
0.4 40 80 400 800

“The calibrations assume that tp=0.



TABLE 9
Calibration: Individual Welfare and Social Welfare

Individual vs. Social Welfare Cost of Ignoring a Tax

Welf loss to
At indiv. AU AR AR AW
0.01 0.004 1 0.792 0.204
0.05 0.1 5 3.8 1.1
0.1 0.4 10 7.2 24
0.2 1.6 20 12.8 5.6
0.3 3.6 30 16.8 9.6

“The calibrations assume that x,=100, ¢, ,=1 and t,=0.25



TABLE 10
Average vs. Marginal Tax Rate Calibration Results

Alpha (h share) = 0.5 Alpha (h share) = 0.7
Actual Tax Rate WTP for Avg Rate WTP for Marg Rate WTP for Avg Rate WTP for Marg Rate
0.05 52.7 25 112.5 26.5
0.1 222.9 100 497.9 105.8
0.15 533.6 225 1262.9 238.1
0.2 1016.1 400 2601.4 423.3
0.25 1715.7 625 4941.5 661.4
0.3 2701.8 900 9708.5 952.4
0.35 4091.1 1225 inf 1296.4
0.4 6111.5 1600 inf 1693.2

The calibrations assume that t,=0.

WTP is willingness to pay.

Cobb-Douglas utility with housing share alpha.

Gross unearned income y = 20000, gross labor income chosen att_p = 0 is 20000.

Table lists dollar values of welfare cost from failing to optimize relative to true average and marginal rates as



Empirical CDF

Empirical CDF

Figure 1a
Placebo Estimates: Sets of Control Products
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Figure 1b
Placebo Estimates: Other Time Periods
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Figure 2a

Effect of Excise Tax Increases on Beer Consumption
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Figure 2b
Effect of Sales Tax Increases on Beer Consumption
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Fraction Tax Status Incorrect

Figure 3a
Number of Correctly Reported Taxed ltems on Survey
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Figure 3b:
Fraction Incorrect by Item on Survey
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Bounded Rationality and Efficiency Costs of Taxation

p Region A (triangle): change in welfare for individual
from failing to reoptimize in response to tax change

Region B (rectangle): change in government revenue
ux(x) when individual responds to tax change
/ Regions A+B: change in social welfare when indiv.
responds to tax change

Region B large relative to A for small At > small
cognitive costs can lead to large changes in efficiency
costs of taxation relative to unbounded rationality benchmark
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EXHIBIT 1: TAX-INCLUSIVE PRICE TAGS
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EXHIBIT 2: TAX SURVEY

University of California, Berkeley
Department of Economics

This survey is part of a project about taxes being conducted by researchers at UC Berkeley. Your identity will be kept strictly
confidential and will not be used in the research. If you have any questions about your rights or treatment as a participant in this
research project, please contact UC-Berkeley’s Committee for Protection of Human Subjects at (510) 642-7461, or e-mail:

subjects@berkeley.edu.

Gender: | Age: Marital Status: | Education: [_] High School Years You Have Lived in

[ ] Male [ ] Married [ ]College Degree California:

[ ] Female [ ] Unmarried [ ] Graduate Degree
Is tax added at the register (in addition to the price Have you purchased these items within the last
posted on the shelf) for each of the following items? month?
milk Y N toothpaste Y N milk Y N toothpaste Y N
magazines Y N soda Y N magazines Y N soda Y N
beer Y N cookies Y N beer Y N cookies Y N
potatoes Y N cigarettes Y N potatoes Y N cigarettes Y N
What is the sales tax rate in Vacaville? %
What is the California state income tax rate in the highest tax bracket? %
What percentage of families in the US do you think pay the federal estate tax when someone dies?

< 2% 2-10% 10-25% 25-50% > 50%

Thank you for your time!






