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This paper proposes and evaluates the tax affinity hypothesis claiming that individuals
derive non-negligible utility from paying taxes due to their pro-social tendencies. We pres-
ent a model in the neoclassical labor–leisure framework with tax paid as a third argument
of the utility function. The Slutsky-like equations derived from this model suggest two test-
able hypotheses that differentiate it from the standard model. A controlled experiment
provides support for the two testable propositions of the hypothesis: (1) subjects worked
more in the presence of tax than in its absence at the same net wage rate, and (2) the
impact of wage changes on labor supply depended not only on the after-tax wage rate,
but also on the tax rate. The tax affinity hypothesis has important implications for tax
policy and economic analysis.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction

Standard economic analysis assumes that individuals derive zero utility from tax and respond to tax changes in the same
way that they respond to price changes (Ramsey, 1927). The corollary assumption, hereafter referred to as the ‘‘standard
model,’’ is that a rational worker derives no utility from the tax paid and chooses labor supply to maximize utility from
after-tax income and leisure time. This paper proposes an alternative assumption, which we refer to as the tax affinity
hypothesis (‘‘TAH’’), under which individuals derive non-negligible utility from the amount of tax paid due to their pro-social
tendencies. Our framework focuses on the income tax and studies the impact of TAH on the labor–leisure allocation model
for two reasons. First, it is relatively easy to mathematically derive propositions that can be tested in a controlled experi-
ment. Second, the income tax is the greatest component of federal revenues in the United States and future debate on
the impact of income taxes on labor supply and productivity may benefit from this analysis. Preliminary evidence of tax
affinity is found in historical observations, public surveys, and tax compliance data.
. All rights reserved.
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If the tax affinity hypothesis is valid, then why do people so often seem to detest paying the income tax? The answer may
simply be that while the marginal utility of paying tax is positive, it is lower than that of consumption at observed tax rates.
That is, people would prefer to keep a dollar than pay it in tax, but paying it in tax is not equivalent to throwing the money
away. The amount of tax paid is monotonically increasing in consumption; a worker cannot enjoy more consumption without
paying more tax. The labor–leisure allocation is not a problem of choice between consumption and tax, in which case the work-
er would prefer to pay less in taxes, but rather a problem of choice between leisure and a restricted set of bundles of consump-
tion and tax. This constrained relationship between consumption and tax is reflected in the theoretical analysis. While the
utility maximization problem involves three goods (consumption, leisure, and tax), it is different from a typical three-good
problem in that there is only one choice variable, leisure. Both graphical and mathematical analyses will be utilized to char-
acterize the optimal solution to the problem. Two testable propositions are derived: (1) subjects work more in the presence of
tax than in its absence for the same net wage rate, and (2) the change in their labor supply in response to a wage change de-
pends not only on the after-tax wage rate, but also on the tax rate. However, the analysis does not yield any definitive predic-
tions for the difference between the total effect of a wage change or a tax change under TAH and that under the standard model.

An intensity experiment was used to test the aforementioned propositions. Both testable propositions are supported by
the data with high statistical significance. The experimental observations are thus consistent with the TAH, but not with the
standard theory.

The next section discusses four pro-social behavior theories that provide a theoretical basis for TAH and preliminary evi-
dence for TAH. Section 3 presents the model and derivations of the propositions. Section 5 describes the experimental design
used to test the propositions. Section 6 describes and analyzes the results. Section 7 concludes with some policy implications
of TAH and directions for future work.

2. Pro-social behavior theories and preliminary evidence for TAH

Meier (2007) summarized various theories that model pro-social behavior, including four that lend credence to the tax
affinity hypothesis: impure altruism, inequality aversion, self-identity, and reciprocity. These theories were developed to ex-
plain why people are less selfish than much standard economic theory predicts and have found supporting evidence in field
data and laboratory experiments.

Andreoni (1990) developed the impure altruism model by introducing the ‘‘warm glow’’ motive for giving. He argued that
in addition to the higher utility derived directly from others’ well-being, an individual also receives some private good ben-
efit from the act of giving itself. Psychologically, various underlying motivations may cause the ultimately egoistic warm
glow, such as self-reward, negative state relief, or guilt reduction (see Bierhoff, 2002). Similarly, TAH argues that taxpayers
enjoy the contribution they make through their tax money knowing that the amount collected improves others’ well-being.
This ‘‘warm glow’’ utility depends upon the amount of tax paid.

Fehr and Schmidt (1999) and Bolton and Ockenfels (2000) developed models based on the notion that people dislike
inequality. These models attempted to capture the observation that people behave altruistically toward others who are
worse off than they are and punish those who are better off. Numerous experiments have tested the hypothesis and found
that people’s behavior in many situations can be explained by inequality aversion (e.g., Fehr & Schmidt, 1999). TAH is con-
sistent with these models because of the redistributive nature of taxes, particularly the income tax.

Behavioral economists have also recognized the importance of self-identity for human behavior. People care not only
about their reputation with others, but also about maintaining a good self-image. Bénabou and Tirole (2004) and Bodner
and Prelec (2003) presented models that address self-identity in explaining pro-social behavior, claiming that individuals
behave pro-socially to signal their good traits to themselves. Self-identity could also be an important reason for tax affinity.
Taxpayers may enjoy not only the contribution their tax dollars make to the community, but also the feeling of being an ac-
tive and law-abiding citizen.

Lastly, individuals are also concerned about the intentions that others have in making their choices. Rabin (1993),
Dufwenberg and Kirchsteiger (2004), and Falk and Fischbacher (2006) developed the reciprocity theory as an explanation
for why individuals act in a more altruistic manner in response to the friendly behavior of others and in a hostile manner
to unfriendly behaviors. Wenzel (2001) found in a field experiment that when individuals were informed during the exper-
iment that other taxpayers were more honest than they expected them to be, they significantly reduced their claims for tax
deductions compared to the control group. The reciprocity theory might influence tax affinity on two fronts: (1) a taxpayer’s
relation to other taxpayers, as evidenced by Wenzel (2001); and (2) a taxpayer’s relation to the government.

Preliminary evidence of tax affinity comes from historical observations, public surveys, and tax compliance data. Histor-
ically, citizens’ support for the income tax has always been correlated with their support for the government (Fox, 2001). The
high tax rates during World War II were accepted by virtually all citizens regardless of income level, occupation, or political
affiliation (Paul, 1947). Survey results indicate that the majority of respondents ‘‘don’t mind paying taxes’’ especially when the
statements are framed in ways that highlight the benefits of taxes (e.g. 2003 Public Interests Project cited in Bostrom, 2005).

Tax affinity may also explain why tax compliance is much higher than predicted by standard models. Economists (e.g.,
Allingham & Sandmo, 1972) model income tax evasion as if it were adding a risky asset to one’s portfolio.1 However, many
1 More broadly, tax compliance can be categorized into voluntary and enforced tax compliance, avoidance, and evasion (see Kirchler & Wahl, 2010).



Fig. 1. Budget set.
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households comply more fully than is predicted by these models (Slemrod, 1992; Andreoni, Erard, & Feinstein, 1998) even after
taking risk aversion into consideration. In fact, Levi (1988) considers tax payment a ‘‘quasi-voluntary act.’’ Researchers have ar-
gued that ‘‘tax morale,’’ which is defined as an individual’s intrinsic willingness to pay taxes, helps to explain the high degree of
tax compliance (Alm, McClelland, & Schulze, 1992, 1999; Frey, 1997, 2003; Frey & Feld, 2002; Lewis, 1982; Pommerehne, Hart, &
Frey, 1994; Torgler, 2001, 2002). Experiments and studies have been conducted on factors thought to influence tax morale: fair-
ness (Gordon, 1989; Spicer & Becker, 1980), degree of satisfaction with the government (Alm, Jackson, & McKee, 1993; Cum-
mings, Martinez-Vazquez, McKee, & Torgler, 2009; Glaser & Hildreth, 1999), political institutions (Hug & Spörri, 2011),
treatment of tax officials (Frey & Feld, 2002), ‘‘spite effect’’ due to enforcement (Cullis, Jones, & Soliman, 2011), religiosity (Tor-
gler, 2006), culture (Alm & Torgler, 2006), and gender (Kastlunger, Dressler, Kirchler, Mittone, & Voracek, 2010). The notion of
tax morale is consistent with TAH; indeed, TAH proposes that individuals’ intrinsic willingness to pay tax arises because paying
each dollar of tax yields non-zero utility. While discussions on tax morale have been limited to tax compliance, the tax affinity
model is more tractable and has important implications outside tax compliance, including the labor supply decision.

3. Labor–leisure allocation with tax affinity

We now formally develop a model of the labor supply decision of an agent with tax affinity. An individual is assumed to
obtain utility from three goods: consumption (C), leisure (H), and tax (X). As in most other optimization models, all utilities
are assumed to diminish marginally and all mixed partials are assumed to be nonnegative.

3.1. Budget set

The starting point for our model is the classical labor–leisure framework with all labor and nonlabor income subject to a
single tax rate. Individuals are assumed to maximize their utility from leisure, consumption, and tax paid subject to a time
constraint and given exogenous wage and income tax rates. In both TAH and standard models, there is only one choice var-
iable, leisure, since the choice of time allocation will fully determine the values of all arguments of the utility function.2 If a
worker chooses H hours of leisure, then the amount of tax paid is exactly tM þwtðT � HÞ and the maximum consumption al-
lowed is ð1� tÞM þwð1� tÞðT � HÞ, where w is the wage rate, t is the tax rate, M is nonlabor income, and T is the time endow-
ment. H is the only choice variable and falls in the range ½0; T�.

Graphically, the problem can be depicted in a three-dimensional space with leisure, consumption, and tax on the x-,y-,
and z-axes respectively. The budget set can be easily derived and is shown as the darker-shaded trapezoid in Fig. 1. The bud-
get set of the same problem (same wage and tax rates) under the standard model, which only considers consumption and
leisure, is depicted as the lighter-shaded trapezoid.3 As in a typical three-good maximization problem, the utility function is
represented by indifference surfaces. Fig. 1 shows a cross-section of the indifference surface tangent to the budget set. The point
of tangency occurs at the amount of leisure (and accordingly, consumption and tax) that maximizes the worker’s utility.
2 While the special nature of the budget set for this problem determines that there is only one choice variable, the utility function involves three goods.
Because we do not make any assumption on how the three variables interact in the utility function (other than that the mixed partials are all nonnegative), the
problem can be treated like any typical three-argument utility maximization problem.

3 Note that because the utility from tax paid is ignored under the standard model, it suffices to look at the two-dimensional problem of consumption, i.e.,
after-tax income, and leisure.
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Note that the budget set is a two-dimensional trapezoid and thus convex.4 Since we assume consistent and strictly convex
preferences, the convex budget set immediately implies that there is a unique optimal solution to the maximization problem
(see e.g. Nicholson, 1995). In sum, there is a unique solution to the following three-good optimization problem:
4 Not
5 Net
MaxHU ¼ UðCðHÞ;H;XðHÞÞ ¼ Uðð1� tÞM þwð1� tÞðT � HÞ;H; tM þwtðT � HÞÞ
3.2. Propositions

Using standard optimization techniques, a number of propositions can be derived, two of which (Corollary 1 and
Proposition 3) make unambiguous, testable predictions. All proofs can be found in Appendix A.

The most important and most obvious implication of the tax affinity hypothesis is that individuals will want to work more
than predicted by the standard model. Under the same conditions (wage and tax rates), at any number of hours worked, the
marginal utility of an additional hour of work is greater under TAH. This is because under the standard model, the individual
will only be able to afford more consumption by working an additional hour, whereas under TAH, the individual will be able
to afford not only more consumption, but also more tax. The only case where both models predict the same amount of labor
is in the absence of tax, where UX = 0 under both models. Corollary 1, which will be used in testing TAH, follows directly from
Proposition 1 noting that the standard model predicts the same amount of labor supplied at the same net wage rate5 regard-
less of the tax rate.

Proposition 1. An individual supplies more labor under TAH than under the standard model, except when the tax rate is zero, in
which case the individual supplies the same amount of labor under both models.
Corollary 1. At a constant net wage rate, the standard model predicts that an individual supplies the same amount of labor in the
presence and absence of tax, whereas TAH predicts that the individual supplies more labor in the presence of tax.

Economists and policymakers may be interested in the effects of a change in the wage or tax rate on labor supply.
Proposition 2 presents Slutsky-like equations of leisure demand for a wage change, keeping the tax rate constant.

Proposition 2. The Slutsky-like equation of leisure demand for a wage change under TAH is
@H�

@w
¼ 1=D0½Uc þ tUX � þ 1=D0 wð1� tÞ2UCC � ð1� tÞUCH þ 2wtð1� tÞUCX � tUHX þwt2UXX

h i
ðT � H�Þ;
where
D0 ¼ w2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHH þ 2w2tð1� tÞUCX � 2wtUHX þw2t2UHX þw2t2UXX < 0
The equation of leisure demand for a wage change under the standard model is
@H�

@w
1=D½ð1� tÞUC � þ 1=D½wð1� tÞ2UCC � ð1� tÞUCH�ðT � H�Þ;
where
D ¼ w2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHH < 0
In both equations, the first term is the substitution effect and the second term is the income effect of a change in w.
The Slutsky-like equation under TAH differs from that under the standard model due to the additional terms involving tax

(UX,UXX,UCX,UHX). Using the equations derived in Proposition 2, it can be shown that the standard model predicts that the
effect of a change in the wage rate depends only on the net wage rate. However, the additional terms in the tax affinity equa-
tion imply that the effect of a change in the wage rate must depend not only on the net wage rate, but also on the prevailing
tax rate.

Proposition 3. Under the standard model, the total effect of a change in the wage rate depends only on the net wage rate. Under
TAH, the total effect of a change in the wage rate depends on both the wage rate and the tax rate.

Using the Slutsky-like equations from Proposition 2, we further study the effect of a change in the wage rate by first
breaking it down to the income and substitution effects and subsequently adding these two components together. The last
proposition compares the total effect of a change in the wage rate under TAH to those under the standard model.

Proposition 4. The difference between the total effect of a change in the wage rate under TAH and that under the standard model
is ambiguous.

The same analysis also does not yield an unambiguous prediction on the difference between the impact of a tax change
under TAH and that under the standard model.
e that if we assume a progressive income tax system, the budget set may not be convex.
wage rate is defined to be the wage rate in the absence of tax or the after-tax wage in the presence of tax.



Table 1
Payoff schedule for different sets and treatments (in cents).

‘‘Standard’’ ‘‘Reduced’’ ‘‘Bonus’’

Treatment 1
(no tax)

Treatment 2
(tax)

Treatment 3
(no tax)

Treatment 4
(tax)

Treatment 5
(no tax)

Treatment 6
(tax)

Set A Wage/circle 8 10 4 5 8 10
Tax: 20% Bonus 0 0 0 0 300 375

Set B Wage/circle 8 16 4 8 8 16
Tax: 50% Bonus 0 0 0 0 300 600

Set C Wage/circle 8 20 4 10 8 20
Tax: 60% Bonus 0 0 0 0 300 750

Set D Wage/circle 8 40 4 20 8 40
Tax: 80% Bonus 0 0 0 0 300 1500
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Proposition 5. The difference between the total effect of a change in the tax rate under TAH and that under the standard model is
ambiguous.

4. Experimental design

The main goal of the experiment was to test the two main propositions: (1) whether subjects worked more in the pres-
ence of tax than in the absence of tax at the same net wage rate (Corollary 1) and (2) whether the change in their labor supply
in response to a change in the wage rate depended only on the net wage rate or also on the tax rate (Proposition 3).

Testing Corollary 1 requires a comparison of subjects’ work effort in the absence and presence of tax, keeping the net
wage rate constant. Testing Proposition 3 is possible by comparing changes in subjects’ work effort when the same net wage
rate was changed to the same extent under two different tax rates. For simplicity, we picked zero and non-zero tax rates; all
subjects faced 0% tax rate in one-half of the treatments and significant tax rates (20%, 50%, 60%, or 80%) in the other half.

The experiment was designed to be an intensity experiment (see Dickinson, 1999). Intensity experiments test the work
effort of subjects; an on-the-job leisure choice is a choice to work less hard thereby lowering production.6

In each round of the experiment, the subjects were given 3 min to shade as many complete circles as possible. One round was
randomly selected as the payoff round and all subjects received their payoffs based on the number of circles shaded and the
treatment they received in that round. All payoffs were funded by the Department of Economics at Wesleyan University.

The experiment consisted of one practice round and six experimental rounds. Each subject was assigned to one of four
Sets A–D and the order in which each subject received the six treatments in the Set was randomized to eliminate the impact
of any round effects. Each of the Sets has the same tax rates for all its with-tax treatments: 20% (Set A), 50% (Set B), 60% (Set
C), and 80% (Set D). These tax rates were chosen so that all before-tax wages were whole numbers. Additionally, large tax
rates7 were chosen so that the impact of taxes in the labor supply decision would be more likely to be observable.

There were three pairs of treatments: Standard, Reduced, and Bonus. In the Standard and Bonus treatments, the net wage/
circle8 was 8 cents. In addition, each subject also received a net bonus of $3 in the Bonus treatments, regardless of how many
circles were shaded. In the Reduced treatments, the net wage/circle was 4 cents. As seen in Table 1, the net wage was always the
same in each of these pairs regardless of the tax rate, which is required for testing the propositions.

To test Corollary 1, the number of circles shaded in the with-tax treatments (Treatments 2, 4, and 6) was compared to the
corresponding no-tax controls (Treatments 1, 3, and 5). Since the net wage was identical in each pair, the standard model
predicts that the number of circles shaded would be identical in the two cases. On the other hand, Corollary 1 predicts that
under TAH individuals would work more in the with-tax treatment than in the no-tax control of each pair.

To test Proposition 3, the change in labor supply when the net wage was reduced from 8 cents to 4 cents per circle in the
with-tax case was compared to the corresponding change in the no-tax case. According to Proposition 3, the standard model
predicts that the changes in the with-tax and no-tax cases would be identical since the effect of the change is dependent only
on the net wage. TAH, on the other hand, predicts that the changes would be different because the presence of tax matters. For
example, for a subject receiving Set A, we study the differences in her labor supply between Treatments 1 (8 cents per circle
with no tax) and 3 (4 cents per circle with no tax) and between Treatments 2 (10 cents per circle with 20% tax) and 4 (5 cents
per circle with 20% tax). Standard theory predicts that the two differences will be equal, whereas TAH predicts otherwise. The
Slutsky equation in Proposition 3 does not tell us the sign of this difference; it may be possible that the sign differs for different
tax rates. In our experiment, we will test the differences for each tax rate (Sets A–D) and for all subjects combined.

In this experiment, the tax money collected was to be given back to the Department of Economics. The subjects were in-
formed that the tax money would be donated to ‘‘a non-profit organization that provides public services.’’9 Thus, although
6 Sillamaa (1999) conducted an intensity experiment to study the differences in the impact of linear and non-linear taxes on work effort. This experiment
differed from Sillamaa’s in that it aimed to study the differences in the impact of tax and an equivalent reduction in wage rate, with zero tax, on work effort.

7 As a comparison, the top marginal tax rate in the US is 35% and the average tax rate is �13%.
8 Again, net wage is defined to be the wage in the no-tax treatments or the after-tax wage in the with-tax treatments.
9 Wesleyan University is, in fact, a non-profit organization.



Table 2
Subjects.

Male 31
Female 35
First-year 15
Sophomore 14
Junior 19
Senior 18
Economics/Math–Econ majors 13
Non-majors with intro economics 23
Non-majors without intro economics 30
Total subjects 66
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this deduction was named ‘‘tax,’’ the subjects might respond to the deduction differently than they would if it were actual tax
money paid to the government. In order to address this concern, two measures were taken. First, the non-profit to which the tax
proceeds would be donated was chosen by the experimenter and this information was not disclosed to the subjects until the
end of the experiment. This should avoid the impact of any personal affiliation or identification with the non-profit. Second,
the experiment instructions explicitly encouraged subjects to treat this deduction as the usual income tax deduction with
the following statements repeated in the instructions for each with-tax treatment:

‘‘You may treat the tax deductions similar to the income tax you pay from your on/off-campus jobs. Tax money is used by
the government to fund public services and infrastructures. Tax also has a redistributive feature as it channels some
income from the rich to the poor.’’

It is important to note that unlike other public goods experiments (e.g., Fischbacher, Gächter, & Fehr, 2001), the subjects
in this experiment could not choose the tax rate, which determines their contributions to the public good. The experiment
mimics a real-life situation in which the total level of public good is not set until the tax revenues are determined. This con-
trasts with the view implied by many other public goods experiments, in which the total quantity of public good is first
known (perhaps by a majority vote), which then determines the tax revenues that need to be collected. One could argue that
the fact that governments tend not to run surpluses during economic booms supports the former view, while periodic over-
hauls of the tax code with concomitant spending changes support the latter view. However, if the latter view is more accu-
rate, our experimental design is in closer correspondence with charity giving,10 while still fundamentally capturing the
subjects’ altruistic tendencies.

At the end of the experiment, the subjects were asked to complete a survey, which asked for each subject’s major(s),
knowledge of basic economics theory as evidenced by the completion of an introductory economics course, class year,
and gender. In addition, the subjects were asked to respond to questions about the experiment and their opinion on tax,
donations, and others’ well-being.

General instructions for the experiment as well as instructions from select treatments are replicated in Appendix B.

5. Results and discussion

Three sessions of the experiment were conducted. Sixty-six subjects, all undergraduate students at Wesleyan University,
participated and the average payoff was $10.7. Table 2 presents the descriptive statistics of the subjects.

The complete data containing the numbers of circles shaded for each subject can be found in Appendix C. The descriptive
statistics of the results, pooled from all experiment sets (Sets A–D), are shown in Table 3.

Five paired sample t-tests were conducted on the differences in the numbers of circles shaded in the different treatments.
One-sided t-tests were conducted for tests of Corollary 1 because the alternative hypothesis (TAH) predicts that work effort
is greater in the presence of tax. On the other hand, a two-sided t-test was used in testing Proposition 3 because TAH predicts
that the changes in work effort are different when the wage rates are changed under different tax rates, but the direction of
this difference is ambiguous (as described in Proposition 4). Four tests of Corollary 1 were performed, one test for each pair of
treatments (Standard, Reduced, or Bonus) and a joint test that used data from all three pairs. The results of these tests are
summarized in Table 4. The data suggest that the presence of tax affects labor supply in ways predicted by the tax affinity
hypothesis. Both testable propositions receive statistically significant support from the data.

5.1. Corollary 1

When all 198 pairs (three pairs of data per subject) were used in the joint test, there is evidence for Corollary 1 at the 0.1%
significance level. When the pairs were tested separately, two comparisons (Reduced and Bonus) supported the proposition
10 The comparison with charitable giving is not perfect either, since the subjects could not choose how to divide their income between personal consumption
and charity, but rather were constrained by the imposed tax rate.



Table 3
Number of circles shaded.

Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 Treatment 6

Mean 119.1 123.9 114.9 129.3 115.4 125.0
Median 109 116 112 115 110 119
Std. dev. 46.8 52.3 46.6 59.3 45.4 48.1

Table 4
Results of paired sample t-tests conducted on experimental data.

Test Number of pairs Avg. of difference S.E. of difference t-Stat. p-Value

Corollary 1 H0: l2–l1 6 0 66 4.8 3.2 1.52 0.066
(Standard) HA: l2–l1 > 0
Corollary 1 H0: l4–l3 6 0 66 14.4 4.0 3.59 <0.001
(Reduced) HA: l4–l3 > 0
Corollary 1 H0: l6–l5 6 0 66 9.6 4.0 2.39 0.010
(Bonus) HA: l6–l5 > 0

Corollary 1 H0: lX –l0 6 0 198 9.6 2.2 4.42 <0.001
(Joint)a HA: lX –l0 > 0

Proposition 3 H0: (l1–l3) – (l2–l4) = 0 17 3.4 7.3 0.46 0.649
(Set A) HA: (l1–l3) – (l2–l4) – 0
Proposition 3 H0: (l1–l3) – (l2–l4) = 0 18 8.6 5.3 1.61 0.113
(Set B) HA: (l1–l3) – (l2–l4) – 0
Proposition 3 H0: (l1–l3) – (l2–l4) = 0 13 23.1 16.2 1.42 0.160
(Set C) HA: (l1–l3) – (l2–l4) – 0
Proposition 3 H0: (l1–l3) – (l2–l4) = 0 18 6.8 9.8 0.69 0.491
(Set D) HA: (l1–l3) – (l2–l4) – 0

Proposition 3 H0: (l1 –l3)–(l2–l4) = 0 66 9.6 4.8 2.02 0.048
(All subjects) HA: (l1 –l3)–(l2–l4) – 0

a lX indicates the mean numbers of circles shaded in the with-tax treatments (Treatments 2, 4, 6) and l0 indicates those in the respective control
treatments (Treatments 1, 3, 5).
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at the 1% significance level and one (Standard) at the 10% significance level. The strong results in the joint test as well as the
separate tests imply that when the net wage was the same, the subjects worked significantly more in the presence of tax.
This contradicts the standard model’s prediction that individuals would provide the same amount of labor at the same
net wage.

5.2. Proposition 3

Proposition 3 states that if workers receive some utility from tax, the total effect of a change in the wage rate should
depend not only on the net wage rate, but also on the tax rate. First, note that the changes in after-tax wage rates from
Treatment 1 to Treatment 3 and from Treatment 2 to Treatment 4 are identical, from 8 cents to 4 cents/circle, but there is
no tax in Treatments 1 and 3 unlike in Treatments 2 and 4. TAH predicts that the difference in work effort between Treat-
ments 1 and 3 should be different from that between Treatments 2 and 4, while the standard model predicts that the two
differences should be identical. When we performed a t-test on each group receiving the same tax rate, the two differences
were not found to be significantly different, although the difference in work effort between Treatments 1 and 3 was al-
ways more positive on average than that between Treatments 2 and 4. However, when the test was run on all subjects
pooled together regardless of tax rates, we found that the two differences are not identical, supporting TAH at the 5% sig-
nificance level.11
11 Note that this procedure will tend to underestimate the statistical significance of the result. Formally, one would need to test the joint significance of the
results from the four separate tests. For example, it would be consistent with TAH for the difference in Set A to be positive while the difference in Set B is
negative. Pooling the subjects as we did may then fail to find statistical significance as the average difference may be close to zero. A more general joint
significance test may still detect this difference. A fully general joint significance test would be difficult here because it is not clear what the covariances
between the groups should be—while the individuals in the groups are different, it may be that utility functions are similar across individuals so that a positive
difference in one group makes a positive difference in another group more likely even with a different tax rate. Fortunately, the sign of the difference was the
same in all groups so that even a more limited pooled test detected statistical significance. Given that only the pooled test showed statistical significance, the
Proposition 3 effect is a behaviorally smaller effect than the Corollary 1 effect, for which all tests showed statistical significance.



Table 5
Differences in ratio between economics and non-economics majors.

Average of ratio difference S.E. of ratio difference t-Stat. p-Value

Non-econ vs. econ majors
H0: rationon-econ � ratioecon 6 0 .251 .144 1.74 .043
HA: rationon-econ � ratioecon > 0
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5.3. Economics majors

Comparing results from different subjects is tricky due to individual differences such as the large variance in shading
speeds. In order to normalize these differences, we used a metric called ratio, which is the sum of the percentage difference
in the number of circles shaded between the with-tax treatment and the corresponding no-tax control. ratio for each subject
was calculated as follows:
12 The
associat

13 See
ratio ¼ x2 � x1

x1
þ x4 � x3

x3
þ x6 � x5

x5
where denotes the number of circles shaded in treatment i. Since the after-tax wage is the same in each of the three pairs
(Treatments 1 and 2, 3 and 4, as well as 5 and 6), ratio measures the increase in work effort due solely to the tax paid. ratio
thus serves as a proxy for the strength of tax affinity exhibited by each subject under the set of treatments received.

Past research suggested that economics students are more selfish in most circumstances12 (e.g. Frank et al., 1993) so we
hypothesized that economics majors might exhibit less tax affinity than non-economics majors. A one-sided unpaired t-test was
conducted on the ratio values of economics and non-economics majors. The result, replicated in Table 5, supports our
hypothesis.

5.4. Post-experiment survey

After the experiment, we asked the subjects a few questions to better understand their motivation when faced with dif-
ferent payoff rates and taxes during the experiment. In particular, subjects were asked if they thought they had worked hard-
er in rounds with tax deductions. Surprisingly, less than a third of participants answered ‘‘yes,’’ even though most of them
did work harder in those rounds. This implies that people may respond to incentives even when they are not aware that they
are doing so. Among those who said ‘‘yes,’’ most claimed that ‘‘the added incentive of knowing that some money would go to
a good cause’’ influenced them to work harder. Some who said ‘‘no’’ disagreed with the way the government spends their tax
money: ‘‘much of the taxes in this country go to funding war’’ and ‘‘I don’t associate taxes with wealth redistribution.’’ These
anecdotal responses are consistent with the reciprocity theory and tax morale notion discussed in Section 2.

6. Potential policy implications and future work

This paper provides experimental evidence consistent with the tax affinity hypothesis (TAH) that individuals derive util-
ity from paying tax. There is statistically significant support for both testable propositions of the theory developed in this
paper: (1) subjects worked more in the presence of tax than in its absence at the same net wage rate and (2) the change
in labor supply in response to a wage change depended on both the net wage rate and the tax rate. In addition, the increase
in work effort in the presence of tax was greater among non-economics majors.

The contribution of behavioral economics should always be included in developing tax policies (James, in press), although
one needs to consider the complicating factors involved with any tax policy. Several suggestions for tax policies might be
derived from TAH. There is a general need for public policy to reduce distortions caused by taxes, while at the same time
maintaining the desired level of public services. TAH suggests that progress can be made in achieving these objectives by
increasing the transparency of government spending, such as through the ‘‘taxpayer receipt’’13 started recently. TAH also
underscores the need for a fairer tax system. Little gestures such as paying interest to taxpayers who overwithhold may encour-
age a sense of fairness and trust in the government’s intentions (Carroll, 1992), and ultimately increase tax affinity through rec-
iprocity. Tax compliance is also improved by procedural fairness, particularly among those with low trust in authorities (van
Dijke & Verboon, 2010) and taxpayer information assistance services (Alm, Cherry, Jones, & McKee, 2010), possibly through in-
creased tax affinity.

Since a taxpayer only derives utility from tax when she is aware of the tax payment made, TAH suggests that it may be
necessary to reduce hidden taxes and emphasize visible taxes. This can be done through a revenue-neutral policy of lower
corporate income tax rates and higher personal income tax rates. After all, higher corporate tax payments are passed onto
individuals either in the form of lower wages, lower returns to investment, or higher consumer prices (Slemrod & Bakija,
re is evidence that economists are not selfish under some circumstances, including when volunteering (Frank, Gilovich, & Regan, 1993) and paying
ion dues (Laband & Biel, 1999).
http://www.whitehouse.gov/issues/taxes/tax-receipt.

http://www.whitehouse.gov/issues/taxes/tax-receipt
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2004), although the exact incidence of the corporate tax must be further studied to resolve the issue of fairness. This sugges-
tion is contrary to that proposed in previous behavioral public finance research, which relied on heuristics and biases in tax
(e.g. McCaffery & Baron, 2004). In addition, eliminating deductions for charitable contributions and similar deductions has the
benefit of simplifying the tax code and promoting equity. After all, there is evidence that tax has been used as a substitute for
charity (Brooks, 2007; Djanali & Wang, 2008; Eckel & Grossman, 1996).

There are several directions that future work on the tax affinity hypothesis might take. The findings in this paper
need to be confirmed by econometric studies on field data. Theoretical and experimental approaches are also needed
to further study the effects of a change in the tax rate, which may be of most interest from a policy point of view.
In addition, the experiment that we conducted was not without its limitations. As mentioned, the subjects might re-
spond to the deduction differently than they would if it were actual tax money paid to the government. Future exper-
iments may thus employ other strategies for the deduction, including introducing a public good structure in the
experiment. In addition, the tax might have a framing effect as subjects were intentionally made unaware that the
after-tax rates were the same in the no-tax and corresponding with-tax rounds. For future experiments, it might be
interesting to see the resulting behavior when the after-tax rate is made clear in each round. More complexities of real
economies may also be incorporated in future experiments, such as by introducing team work or progressive taxes. Fi-
nally, future work may aim to sort out which of the pro-social behavior models seem to be driving behavior since these
may have different policy implications.
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Appendix A. Propositions and lemmas

Proposition 1. An individual supplies more labor under TAH than under the standard model, except when the tax rate is zero, in
which case the individual supplies the same amount of labor under both models.

Proof. Consider the individual’s utility maximization problem with only one choice variable, H.
MaxHU ¼ UðCðHÞ;H;XðHÞÞ ¼ Uðð1� tÞM þwð1� tÞðT � HÞ;H; tM þwtðT � HÞÞ
where H = leisure, C = consumption, X = tax, w = wage rate, M ¼ taxable nonlabor income, and T ¼ time endowment.
@U
@H
¼ UCð�wð1� tÞÞ þ UH þ UXð�wtÞ ¼ 0

) UH ¼ wð1� tÞUC þwtUX ð1Þ
The individual supplies labor up to the point where the marginal benefits obtained from an additional hour of working,
which comprise utility from consumption and utility from tax, equal the marginal cost of giving up an additional hour of
leisure.

The existence and uniqueness of such a point is guaranteed because the budget set is convex.
Under the standard model, UX = 0 regardless of the tax rate.
Under TAH, when t > 0, UX is positive. Thus, UH that satisfies Eq. (1) must be greater than that under the standard model,

implying that H is smaller and thus, more labor is supplied under TAH.
When t = 0, UX = 0 similar to the standard model, and the amount of labor supplied under both models is equal. h
Corollary 1. Under a constant net wage rate, the standard model predicts that an individual supplies the same amount of labor in
the presence and absence of tax, whereas TAH predicts that the individual supplies more labor in the presence of tax.
Proof. This follows immediately from Proposition 1 noting that the standard model predicts the same amount of labor sup-
ply at the same net wage rate regardless of the tax rate. h
Proposition 2. The Slutsky-like equation of leisure demand for a wage change under TAH is:
@H�

@w
1=D0½ð1� tÞUc þ tUX � þ 1=D0 wð1� tÞ2UCC � ð1� tÞUCH þ 2wtð1� tÞUCX � tUHX þwt2UXX

h i
ðT � H�Þ;
where D0 ¼ w2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHH þ 2w2tð1� tÞUCX � 2wtUHX þw2t2UXX < 0
The equation of leisure demand for a wage change under the standard model is:
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@H�

@w
¼ 1=D½ð1� tÞUC � þ 1=D½wð1� tÞ2UCC � ð1� tÞUCH�ðT � H�Þ;
where
D ¼ w2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHH < 0
In both equations, the first term is the substitution effect and the second term is the income effect of a change in w.
Proof. We will derive the Slutsky-like equations under TAH.
From the proof of Proposition 1, we obtain:
�wð1� tÞUC þ UH �wtUX ¼ 0
) �ðw�wtÞUCðð1� tÞM þ ðw�wtÞðT � H�Þ;H�tM þwtðT � H�ÞÞ
þUHðð1� tÞM þ ðw�wtÞðT � H�Þ;H�; tM þwtðT � H�ÞÞ
�wtUXðð1� tÞM þ ðw�wtÞðT � H�Þ;H�; tM þwtðT � H�ÞÞ ¼ 0

@2U
@H2 < 0) ½�ðw�wtÞ1�wt�

UCC UCH UCX

UCH UHH UHX

UCX UHX UXX

2
64

3
75
�wðw�wtÞ

1
�wt

2
64

3
75 < 0
We can apply the Implicit Function Theorem.
There exists a unique implicit function H⁄ = H(w) such that:
�ðw�wtÞUCðð1� tÞMþðw�wtÞðT�HðwÞÞ;HðwÞ;tMþwtðT�HðwÞÞÞþUHðð1� tÞMþðw�wtÞðT�HðwÞÞ;HðwÞ;tM

þwtðT�HðwÞÞÞ�wtUXðð1� tÞMþðw�wtÞðT�HðwÞÞ;HðwÞ;tMþwtðT�HðwÞÞÞ¼0
for some neighborhood of w0.
We then take the total derivative of the above identity with respect to w.
� ð1� tÞUC � ðw�wtÞUCC ð1� tÞðT � H�Þ � ðw�wtÞ @H�

@w

� �
þ UCH

@H�

@w
þ UCX tðT � H�Þ �wt

@H�

@w

� �

þ UCH ð1� tÞðT � H�Þ � ðw�wtÞ @H�

@w

� �
þ UHH

@H�

@w
þ UHX tðT � H�Þ �wt

@H�

@w

� �

� tUX �wt UCX ð1� tÞðT � H�Þ � ðw�wtÞ @H�

@w

� �
þ UHX

@H�

@w
þ UXX tðT � H�Þ �wt

@H�

@w

� �� �
¼ 0
Grouping the terms, we have:
@H�

@w
¼ ð1� tÞUC þ tUX þ ðwð1� tÞ2UCC � ð1� tÞUCH þ 2wtð1� tÞUCX � tUHX þwt2UXXÞðT � H�Þ

w2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHH þ 2wtð1� tÞUCX � 2w2tUHX þw2t2UXX
Under the standard model, UX = UCX = UHX = UXX = 0, and thus the formula above is reduced to:
@H�

@w
¼ ð1� tÞUC þ ðwð1� tÞ2UCC � ð1� tÞUCHÞðT � H�Þ

w2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHH
We have thus derived the Slutsky-like equation.
Next, we solve the dual problem of expenditure minimization to achieve a fixed level of utility, U, to isolate the

substitution effect under TAH.
Min L ¼ C
wð1� tÞ þ H þ XðCÞ

wt
þ kðU � UðC;H;XðCÞÞÞ

@L

@k
¼ U � UðC;H;XðCÞÞ ¼ 0) UðC;H;XðCÞÞ ¼ U

@L

@C
¼ 1

wð1� tÞ � k�UCðC�;H�;X�Þ �
t

1� t
k�UXðC�;H�;X�Þ ¼ 0

) k� ¼ 1
wð1� tÞ UC þ t

1�t UX
� �

@L

@H
¼ 1� k�UHðC�;H�;X�Þ ¼ 0) k� ¼ 1

UH
We can apply the Implicit Function Theorem.
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There exist unique implicit functions k⁄ = k(w), C⁄ = C(w), H⁄ = H(w), X⁄ = X(w) such that:

@L

@k
¼ U � UðCðwÞ;HðwÞ;XðCðwÞÞÞ � 0

@L

@C
¼ 1

wð1� tÞ � kðwÞUCðCðwÞ;HðwÞ;XðCðwÞÞÞ �
t

1� t
kðwÞUXðCðwÞ;HðwÞ;XðCðwÞÞÞ � 0

@L

@H
� 1� kðwÞUHðCðwÞ;HðwÞ;XðCðwÞÞÞ � 0
for some neighborhood of w0.
We take the total derivatives of the previous identities with respect to w and by Cramer’s Rule,
@H�

@w

� �C ¼

0 �UC � t
1�t UX 0

�Uc � t
1�t UX �kUCC � 2k t

1�t

� �
UCX � k t

1�t

� �2UXX
1

ð1�tÞw2

�UH �kUCH � k t
1�t

� �
UHX 0

��������

��������
0 �Uc � t

1�t UX �UH

�Uc � t
1�t UX �kUCC � 2k t

1�t

� �
UCX � k t

1�t

� �2UXX �kUCH � k t
ð1�tÞ

� �
UHX

�UH �kUCH � k t
ð1�tÞ

� �
UHX �kUHH

���������

���������
@H�

@w

� �C ¼ ð1�tÞ�UCþtUX

w2ð1�tÞ2UCC�2wð1�tÞUCHþUHHþ2w2tð1�tÞUCX�2wtUHXþw2t2UXX
taking into account that k� ¼ 1
UH
¼ 1

wð1�tÞ UCþ t
1�tUXð Þ.

Under the standard model, UX = UCX = UHX = UXX = 0, and the formula above is reduced to:
@H�

@w

� �C

¼ ð1� tÞUC

w2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHH
We have thus separately derived the compensated demand term of the Slutsky equation, i.e. the substitution effect of a
change in wage. We thereby conclude that the total effect derived earlier can be divided into its substitution and income
effects to produce the Slutsky-like equation as desired. h
Proposition 3. Under the standard model, the total effect of a change in the wage rate depends only on the net wage rate. Under
TAH, the total effect of a change in the wage rate depends on both the wage rate and the tax rate.
Proof. Let w
1�t be the before-tax wage rate and t be the tax rate, 0 6 t < 1.

We first consider the Slutsky-like equation for the standard model.
Note that the net wage rate in this case is w.
@H�

@ w
1�t

� � ¼ ð1� tÞUC

w
1�t

� �2ð1� tÞ2UCC � 2 w
1�t

� �
ð1� tÞUCH þ UHH

þ
w

1�t

� �
ð1� tÞ2UCC � ð1� tÞUCH

� �
w

1�t

� �2ð1� tÞ2UCC � 2 w
1�t

� �
ð1� tÞUCH þ UHH

ðT � H�Þ

¼ ð1� tÞ UC

w2UCC � 2wUCH þ UHH
þ ðUCC � UCHÞ

w2UCC � 2wUCH þ UHH
ðT � H�Þ

� �
And thus,
@H�

@w ¼ @H�

@ w
1�tð Þ

@ w
1�tð Þ
@w ¼ 1

1�t ¼ @H�

@ w
1�tð Þ
¼ UC

w2UCC�2wUCHþUHH
þ ðwUCC�UCHÞ

w2UCC�2wUCHþUHH
ðT � H�Þ
Since the value of @H�

@w is dependent on w but independent of t, we conclude that under the standard model, the total effect of a
change in the wage rate depends only on the net wage rate.

We will now consider the Slutsky-like equation for TAH and obtain the result that even if the net wage rate is the same,
the value of @H�

@w also depends on the tax rate.
@H�

@ w
1�tð Þ
¼ ð1�tÞUCþtUX

w
1�t

� �2ð1� tÞ2UCC � 2 w
1�t

� �
ð1� tÞUCH þ UHH

þ2 w
1�t

� �2tð1� tÞUCX � 2 w
1�t

� �2t2UHX þ w
1�t

� �2t2UXX

0
@

1
A

þ
w

1�tð Þð1�tÞ2UCC�ð1�tÞUCHþ2 w
1�tð Þtð1�tÞUCX�tUHXþ w

1�tð Þt2UXXð Þ
w

1�t

� �2ð1� tÞ2UCC � 2 w
1�t

� �
ð1� tÞUCH þ UHH

þ2 w
1�t

� �2tð1� tÞUCX � 2 w
1�t

� �
tUHX þ w

1�t

� �2t2UXX

0
@

1
A
ðT � H�Þ
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@H�

@ w
1�t

� � ¼ ð1� tÞUC þ tUX

w2UCC � 2wUCH þ UHH þ 2 w2t
1�t

� �
UCX � 2 wt

1�t

� �
UHX þ wt

1�t

� �2UXX

þ
wð1� tÞUCC � ð1� tÞUCH þ 2wtUCX �w t2

1�t

� �
UXX

� �

w2UCC � 2wUCH þ UHH þ 2 w2t
1�t

� �
UCX � 2 wt

1�t

� �
UHX þ wt

1�t

� �2UXX
And thus,
@H�

@w
¼ 1

1� t
@H�

@ w
1�t

� � ¼ UC þ t
1�t

� �
UX

w2UCC � 2wUCH þ UHH þ 2 w2t
1�t

� �
UCX � 2 wt

1�t

� �
UHX þ wt

1�t

� �2UXX

þ
wUCC � UCH þ 2 wt

1�t

� �
UCX � t

1�t

� �
UHX þw t

1�t

� �2UXX

� �

w2UCC � 2wUCH þ UHH þ 2 w2t
1�t

� �
UCX � 2 wt

1�t

� �
UHX þ wt

1�t

� �2UXX
It is clear that under TAH, the total effect of a change in the wage rate depends on both the wage rate and the tax rate. h
Lemma 1. The relative magnitudes of the income effect of a change in the wage rate under TAH and that under the standard model
are ambiguous.
Proof. From the Slutsky-like equations in Proposition 2, the income effect under TAH is smaller than that under the standard
model if and only if:
wð1� tÞ2UCC � ð1� tÞUCH þ 2wtð1� tÞUCX � tUHX þwt2UXX

w2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHH þ 2w2tð1� tÞUCX � 2wtUHX þw2t2UXX

<
wð1� tÞ2UCC � ð1� tÞUCH

w2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHH

() ðwð1� tÞ2UCC � ð1� tÞUCH þ 2wtð1� tÞUCX � tUHX þwt2UXXÞ
�ðw2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHHÞ < ðwð1� tÞ2UCC � ð1� tÞUCHÞ
�ðw2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHHÞ þ 2w2tð1� tÞUCX � 2wtUHX þw2t2UXXÞ

() ð2wtð1� tÞUCX � tUHX þwt2UXXÞðw2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHHÞ
< ðwð1� tÞ2UCC � ð1� tÞUCHÞð2w2tð1� tÞUCX � 2wtUHX þw2t2UXX

() � 2w2tð1� tÞ2UCHUCX þ 2wtð1� tÞUCXUHH þw2tð1� tÞ2UCCUHX

�tUHHUHX �w2t2ð1� tÞUCHUXX þwt2UHHUXX < 0
Note that the first three terms in the inequality are negative, but the last three, �tUHHUHX � wt2(1 � t)UCHUXX + wt2UHHUXX,
are positive. Thus, without further information, we cannot sign the left-hand side of the inequality, implying that the differ-
ence between the substitution effects under the tax affinity and the standard model is ambiguous. h
Lemma 2. The relative magnitudes of the substitution effect of a change in the wage rate under TAH and that under the standard
model are ambiguous.
Proof. From the Slutsky-like equations in Proposition 2, the substitution effect under TAH is greater (more negative) than
that under the standard model if and only if:
ð1� tÞUC þ tUX

w2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHH þ 2w2tð1� tÞUCX � 2wtUHX þw2t2UXX

<
ð1� tÞUC

w2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHH

() ðð1� tÞUC þ tUXÞðw2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHHÞ
< ðð1� tÞUCÞðw2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHH þ 2w2tð1� tÞUCX � 2wtUHX þw2t2UXX

() ðtUXÞðw2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHHÞ
< ðð1� tÞUCÞð2w2tð1� tÞUCX � 2wtUHX þw2t2UXX

() ðtUXÞðw2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHHÞ
�2w2tð1� tÞ2UCUCX þ 2wtð1� tÞUCUHX �w2t2ð1� tÞUCUXX < 0
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Note that all terms in the above inequality are negative, except 2w2t(1 � t)UCUHX � w2t2(1 � t)UCUXX. Thus, without further
information, we cannot sign the left-hand side of the inequality, implying that the difference between the substitution ef-
fects under the tax affinity and the standard model is ambiguous. h
Proposition 4. The relative magnitudes of the total effect of a change in the wage rate under TAH and that under the standard
model is ambiguous.
Proof. According to the Slutsky equation, the total effect of the wage change is an addition of the substitution effect and the
income effect of the wage change. The proposition thus follows immediately from Propositions 4 and 5. h
Lemma 3. The income effect of the Slutsky-like equations for a wage change is equal to @H
@M
ðT � HÞ. Thus, changing the nonlabor

income, while keeping the wage constant, produces the income effect of an equivalent wage change.
Proof. We will prove for the case under TAH and the result for the standard model follows immediately by removing all
utility terms involving tax.

We will perform the same analysis as in the proof of Proposition 2, but here we take the total derivative with respect to M
to yield:
@H�

@M
¼ wð1� tÞ2UCC � ð1� tÞUCH þ 2wtð1� tÞUCX � tUHX þwt2UXX

w2ð1� tÞ2UCC � 2wð1� tÞUCH þ UHH þ 2w2tð1� tÞUCX � 2wtUHX þw2t2UXX
Thus,
@H�

@M
ðT � HÞ ¼ wð1� tÞ2UCC � ð1� tÞUCH þ 2wtð1� tÞUCX � tUHX þwt2UXX

D0
ðT � HÞ
which is the income effect of an equivalent wage change.
This is useful because we can simulate the income effect of a wage change by changing the nonlabor income (e.g.,

providing a bonus) while keeping the wage constant. h
Proposition 5. The relative magnitudes of the total effect of a change in the tax rate under TAH and that under the standard model
is ambiguous.
Proof. Taking the same steps as in the proof of Proposition 2, except that now derivatives are taken with respect to t, gives us
the following two Slutsky-like equations:

leisure demand for a tax change under TAH:
@H�

@t
¼ 1=D0½�wUC þwUX � þ 1=D0

�wð1� tÞUCC þ UCH

þwð1� 2tÞUCX � UHX þwtUXX

	 

½wðT � H�Þ þM�;
and leisure demand for a tax change under the standard model:
@H�

@t
¼ 1=D½�wUC � þ 1=Dt½�wð1� tÞUCC þ UCH�½wðT � H�Þ þM�:
Note that M now appears in the Slutsky-like equations. This makes sense as nonlabor income is taxable in our model and a
change in the tax rate will impact the amount of tax paid on the nonlabor income.

Taking the same steps as in the proof of Lemmas 1 and 2, we can easily find that the relative magnitudes of the income
effect of a change in the wage rate under TAH and that under the standard model are ambiguous. The same applies to the
relative magnitudes of the substitution effect.

Since the total effect of the tax change is an addition of the substitution effect and the income effect of the tax change, we
cannot sign the difference between the total effect of a change in the tax rate under TAH and that under the standard
model. h
Appendix B. Experimental instructions

There were fifteen different treatments. (Treatments 1, 3, and 5 were the same for all Sets, but Treatments 2, 4, and 6 were
different for each of the Sets A–D.) Each treatment for each set was given a random letter code for identification purposes.
Four of the treatments are replicated here: A (Set B, Treatment 2), F (Set D, Treatment 6), I (Set C, Treatment 4), and N (all
Sets, Treatment 1). Please contact authors for copies of the other treatments.
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Instruction Booklet
 Subject No:___
If you study the following instructions carefully, you can, depending on your performance and the set of treatments you
receive, earn a considerable amount of cash.

This experiment consists of 6 rounds. In each round of this experiment, you will be asked to shade as many circles as you
can within 3 min. You must use the pen provided by the experimenter. Please refer to the board for examples of acceptable
and unacceptable shading. Circles that are not completely shaded will not be counted.

Your payoff will depend on the number of circles you shade. In each round, you will be informed of the pay/circle. In addi-
tion, in some rounds, there may be bonuses and/or tax deductions. Your payoff will be determined as follows:
Payoff ¼ ðð#of circles shaded � pay=circleÞ þ bonusÞ�ð1——tax rateÞ
You may treat the tax deductions similar to the income tax you pay from your on/off-campus jobs. Tax money is used by the
government to fund public services and infrastructures. Tax also has a redistributive feature as it channels some income from
the rich to the poor. For the purpose of this experiment, the tax amount deducted will be contributed to a non-profit orga-
nization that provides public services. This organization has been chosen by the experimenter and will be revealed to you in
the debrief e-mail.

Only one round will be selected as the payoff round, which means that all payment for all participants will be based on
this particular round. You will NOT receive any payment based on your performance in other rounds. The payoff round will
be randomly determined after all rounds have been completed. You are suggested to treat every round equally, as if that
round determines your payoff.

These instructions are solely for your private information. You are prohibited to communicate with other participants
during the experiment. Should you have any questions at any point, please raise your hand. Do not turn over the pages until
instructed to do so.

B.1. Trial round

You will use the next page to ‘‘warm up’’ and practice shading the circles. You have 1 min for this trial round. This round
will NOT determine the payoff.

DO NOT TURN OVER THE PAGE UNTIL INSTRUCTED TO DO SO.
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Round ___
 Treatment A
If this round is selected to be the payoff round, you will be paid 16 cents for every complete circle you shade. However, the
total payment will be deducted for a 50% tax. The after-tax income will be paid to you.

You may treat this tax similar to the income tax you pay from your on/off-campus jobs. Tax money is used by the gov-
ernment to fund public services and infrastructures. Tax also has a redistributive feature as it channels some income from
the rich to the poor. For the purpose of this experiment, the tax amount deducted will be contributed to a non-profit orga-
nization that provides public services. This organization has been chosen by the experimenter and will be revealed to you in
the debrief e-mail.

You have 3 min for this round.
DO NOT TURN OVER THE PAGE UNTIL INSTRUCTED TO DO SO.
Round ___
 Treatment F
If this round is selected to be the payoff round, you will be paid 40 cents for every complete circle you shade. In addition,
you will receive a fixed bonus of $15. However, the total payment (including the bonus) will be deducted for an 80% tax. The
after-tax income will be paid to you.

You may treat this tax similar to the income tax you pay from your on/off-campus jobs. Tax money is used by the gov-
ernment to fund public services and infrastructures. Tax also has a redistributive feature as it channels some income from
the rich to the poor. For the purpose of this experiment, the tax amount deducted will be contributed to a non-profit orga-
nization that provides public services. This organization has been chosen by the experimenter and will be revealed to you in
the debrief e-mail.

You have 3 min for this round.
DO NOT TURN OVER THE PAGE UNTIL INSTRUCTED TO DO SO.
Round ___
 Treatment I
If this round is selected to be the payoff round, you will be paid 10 cents for every complete circle you shade. However, the
total payment will be deducted for a 60% tax. The after-tax income will be paid to you.

You may treat this tax similar to the income tax you pay from your on/off-campus jobs. Tax money is used by the gov-
ernment to fund public services and infrastructures. Tax also has a redistributive feature as it channels some income from
the rich to the poor. For the purpose of this experiment, the tax amount deducted will be contributed to a non-profit orga-
nization that provides public services. This organization has been chosen by the experimenter and will be revealed to you in
the debrief e-mail.

You have 3 min for this round.
DO NOT TURN OVER THE PAGE UNTIL INSTRUCTED TO DO SO.
Round ___
 Treatment N
If this round is selected to be the payoff round, you will be paid 8 cents for every complete circle you shade. There is no tax
in this round.

You have 3 min for this round.
DO NOT TURN OVER THE PAGE UNTIL INSTRUCTED TO DO SO.
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Appendix C. Subjects and data
No Tax (%) T1 Order T2 Order T3 Order T4 Order T5 Order T6 Order Gender Major Intro Class

1 20 106 6 101 1 98 2 105 3 108 4 113 5 1 0 0 Senior
2 50 136 4 140 1 137 6 148 5 128 3 128 2 1 0 1 Sophomore
3 20 170 6 160 2 150 4 160 5 130 3 140 1 1 0 1 First-year
4 20 95 6 71 1 90 4 91 3 80 2 110 5 0 0 1 First-year
5 20 94 1 82 3 0 5 85 6 94 4 91 2 0 0 0 Senior
6 80 150 3 220 6 205 5 230 4 130 1 140 2 0 0 1 Sophomore
7 50 110 1 130 3 130 2 170 6 150 5 155 4 1 0 1 Junior
8 20 200 6 208 1 206 2 178 3 190 4 250 5 0 0 0 Senior
9 50 110 4 117 2 125 6 120 3 107 1 121 5 0 1 1 Senior

10 50 144 3 126 5 150 6 115 1 138 2 150 4 1 1 1 Senior
11 60 114 1 106 5 102 4 112 2 129 6 121 3 0 0 0 Sophomore
12 60 62 5 57 2 66 1 101 6 74 4 62 3 0 0 1 Sophomore
13 20 206 3 220 4 191 1 192 5 191 2 229 6 1 0 0 First-year
14 20 180 2 190 3 250 5 280 6 215 4 129 1 0 0 0 Senior
15 80 174 4 126 3 92 2 160 5 78 1 151 6 0 0 0 Junior
16 80 119 6 112 1 146 5 148 4 110 2 177 3 0 0 0 Senior
17 80 217 6 270 1 185 5 259 2 218 4 220 3 0 1 1 Junior
18 20 140 6 130 4 137 2 127 3 132 1 117 5 0 0 1 Sophomore
19 20 112 3 106 5 122 6 100 2 68 1 121 4 1 0 0 Sophomore
20 60 120 5 100 2 140 6 95 3 94 4 93 1 1 0 0 First-year
21 80 140 6 128 1 160 4 177 5 106 2 140 3 1 0 0 First-year
22 60 245 6 176 3 182 2 240 1 180 5 140 4 0 0 1 Senior
23 60 121 3 110 1 159 4 204 6 190 5 108 2 0 0 0 First-year
24 60 288 5 284 3 155 1 305 6 169 2 225 4 0 0 1 Junior
25 60 139 3 135 5 127 2 86 1 119 6 110 4 1 1 1 Junior
26 50 113 6 118 4 166 3 179 2 132 1 185 5 1 0 1 First-year
27 80 97 1 142 5 108 6 109 4 122 3 140 2 1 0 1 First-year
28 80 130 3 100 4 116 2 142 6 109 1 181 5 1 0 1 First-year
29 80 173 3 184 5 128 1 131 6 186 2 154 4 1 0 0 Sophomore
30 50 163 1 202 6 210 4 283 5 275 3 248 2 0 0 0 Senior
31 50 104 1 128 5 114 3 96 4 106 6 124 2 1 0 0 Junior
32 50 108 1 177 5 99 2 147 6 110 3 152 4 0 0 0 Junior
33 50 177 2 216 5 124 3 186 1 144 6 191 4 1 0 1 Junior
34 50 159 1 209 5 162 6 220 3 189 2 208 4 0 0 0 Junior
35 80 109 1 161 5 141 2 124 4 126 6 159 3 0 0 1 Junior
36 20 121 2 145 3 118 1 115 6 134 4 128 5 0 1 1 Senior
37 50 81 6 74 5 50 3 75 1 84 2 84 4 1 0 0 Junior
38 60 36 2 40 5 39 1 40 6 39 3 40 4 0 0 0 Senior
39 80 107 3 109 6 103 1 91 4 121 2 99 5 1 1 1 Sophomore
40 20 85 1 88 2 82 3 76 4 101 5 103 6 1 0 0 Junior
41 50 126 4 120 3 122 2 140 5 119 1 145 6 1 0 0 First-year
42 80 93 5 100 4 106 2 100 1 87 6 100 3 0 1 1 Junior
43 20 72 3 80 6 71 1 75 5 74 4 78 2 0 1 1 Senior
44 50 73 2 66 6 83 5 80 3 74 1 86 4 1 1 1 Junior
45 60 65 1 59 6 67 2 69 3 67 5 64 4 1 0 1 Sophomore
46 80 76 3 76 2 85 4 92 5 63 1 97 6 1 0 0 Junior
47 20 94 4 88 6 75 2 90 5 69 1 80 3 1 0 1 First-year
48 50 107 5 103 3 109 4 111 6 105 2 93 1 1 0 0 First-year
49 60 88 3 100 4 109 6 102 1 100 2 100 5 1 1 1 Junior
50 80 104 5 91 3 92 1 122 4 93 2 107 6 0 0 1 Junior
51 20 79 1 115 4 92 2 124 6 116 5 88 3 0 0 1 Junior
52 50 100 5 119 6 73 1 83 2 99 4 95 3 1 0 0 Sophomore

(continued on next page)



Appendix C (continued)

No Tax (%) T1 Order T2 Order T3 Order T4 Order T5 Order T6 Order Gender Major Intro Class

53 60 61 1 52 3 48 6 53 5 52 4 50 2 0 0 1 Sophomore
54 80 49 6 48 5 12 3 19 2 44 4 51 1 0 0 0 Sophomore
55 20 84 5 100 6 121 1 113 2 116 3 88 4 1 0 0 First-year
56 50 81 1 50 4 50 5 68 2 60 6 70 3 0 0 1 Sophomore
57 60 86 4 90 3 82 6 73 5 75 1 81 2 1 1 1 Senior
58 80 44 1 52 3 51 4 42 5 60 2 46 6 1 0 1 Senior
59 80 94 2 70 6 95 3 82 1 87 5 90 4 1 0 0 First-year
60 50 170 2 137 6 126 5 122 3 92 4 194 1 1 0 0 First-year
61 20 109 3 135 2 100 6 134 1 135 5 120 4 0 1 1 Sophomore
62 80 88 6 142 4 98 1 160 3 73 2 130 5 1 0 1 Junior
63 20 126 5 144 6 109 2 114 1 127 4 123 3 1 0 1 Senior
64 50 106 2 109 6 108 5 122 1 111 4 116 3 0 1 1 Senior
65 60 98 2 111 3 118 6 111 5 85 1 103 4 1 0 0 Senior
66 80 132 3 123 4 115 6 130 1 128 2 118 5 0 0 0 Senior

Note: T1–T6 denote the numbers of circles shaded in Treatment 1–Treatment 6 respectively.
Order denotes the round number in which the treatment appeared in the subject’s set of instruction.
Gender denotes gender (1 = male; 0 = female)
Major denotes the major/main field of study (1 = Economics/Mathematics–Economics/double major of Economics or Math–Econ with another major;

0 = other majors).
Intro denotes intro economics class (1 = have taken intro class; 0 = have not taken).
Class indicates class year of the subject at the time the subject participated in the experiment.
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