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Are you expecting a tax refund this season? If so, you’re probably

dreaming about all the possibilities of spending what feels like

newly ”found” money. However, it’s important to remember that

this is your money, that you earned – not a bonus. A tax refund

is issued when you overpaid the government.

Jon Lal, US News2

1 Introduction

Most wage earners receive an income tax refund at the end of the tax year.

As the above quote suggests, this money is often treated as ’newly found’,

as a surprising one-time increase in income and evidence shows increasing

consumption once the tax refund is paid (Shapiro and Slemrod, 1995). Since

the refund can, in principle, be anticipated and does not represent an un-

predictable increase in income, this finding is hard to reconcile with fully

rational behavior (in the absence of liquidity constraints). Furthermore, if

individuals change their behavior when the money is returned, it may well be

that a similar change in behavior takes place when the money is taken away,

i.e. when withholding taxes reduce income throughout the year. In particu-

lar, withholding taxes and their resulting tax adjustments at year end may

affect labor supply by affecting the perceived immediate return from working

(i.e. the perceived net wage).

In this paper, we investigate labor supply responses to withholding and
2http://money.usnews.com/money/blogs/my-money/articles/2016-04-07/

heres-how-you-should-spend-your-tax-refund accessed April 7, 2016, at 10:43
a.m.
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tax adjustments using a laboratory experiment, which allows us to make an

experimental policy change that cannot easily be done in reality. Participants

perform a real effort task and are paid a piece rate for each completed task

while their income is taxed. Our treatments use different levels of withhold-

ing rates. In the absence of withholding, the wage earner receives ’monthly’

gross wage payments; at the end of the ’year’, she pays her tax liability as

one large installment. With withholding, taxes are directly subtracted from

the gross wage in each ’month’; at the end of the ’year’, a tax adjustment

takes place which implies an additional payment or a tax refund, depending

on the level of the withholding rate and on effort. Thus, withholding taxes

shift tax payments forward in time and increase their frequency. We use our

experiment to test if withholding rates and tax adjustments influence labor

supply decisions.

The experiment is designed such that withholding taxes and tax adjust-

ments should be irrelevant for behavior. However, results of our experiment

show that tax adjustments (refunds or additional payments) change effort

provision in the subsequent period(s). After observing their true tax li-

ability and end-of-year adjustments of their income, participants strongly

adjust their labor supply. We interpret this as an update of their beliefs on

the actual tax burden. Furthermore, on closer examination, we find that

these findings are driven by participants who describe themselves as money-

motivated (about half of our sample). Within this group, higher withholding

rates significantly reduce effort in the subsequent period, while refunds in-

crease effort. Because these two effects are countervailing, there is no effect

of withholding on total effort (neither in the money-motivated subgroup nor
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in the full sample). Overall, our results support the notion that incorrect

perceptions of taxes due to withholding can influence labor supply decisions,

making our results comparable to those by Abeler and Jäger (2015) whose

paper is closest to ours. The intriguing point about withholding taxes is

that they can be changed at little cost in terms of tax revenue, making them

a simple tool for tax administrations or governments to influence economic

outcomes. Policy-makers seem to have an intuitive understanding of this:

Lacking support from Congress to lower the income tax rate, US President

George H.W. Bush decided to lower the withholding rate to stimulate the

economy.3 Put apart caveats of translating lab results to real-world situa-

tions, our experiment allows for testing whether withholding taxes can have

an effect on effort and informs policy-makers by showing potential labor

market consequences of withholding rate changes.

The effect of withholding taxes on labor supply has, to the best of our

knowledge, not been studied in the academic literature. However, our study

relates to different strands of literature that we discuss in the next Section.

Section 3 develops our predictions. Section 4 describes the experimental

design and Section 5 the results. Section 6 discusses policy implications of

our results and Section 7 concludes.
3In his State of the Union Address in January 1992, he said: “This initiative could

return about $25 billion back into our economy over the next 12 months, money people can
use to help pay for clothing, college, or to get a new car.”
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2 Literature and hypotheses

Withholding taxes are a common feature of labor income taxation. Taxes

on wage and salary income are levied in two steps. Firstly, the employer

pays a withholding tax on the employee’s monthly (or weekly/fortnightly)

wage income. Secondly, once a year, the household submits a tax statement

to determine the final effective tax rate and receives a refund or settles an

additional liability. Thus, part of the tax is collected by the employer and

the remaining balance is settled between the household and the tax admin-

istration.

2.1 Related literature

Economic theory suggests that the relevant price for the household’s labor

supply decision is the net wage rate. If true effective marginal tax rates

are known, withholding rates should not matter for labor supply decisions

as long as households are not liquidity constrained (beside a small interest

rate effect, see Shapiro and Slemrod (1995)). What sounds straightforward

in theory, becomes hard to grasp in real-world situations. In most countries

the tax code is tremendously complex and true effective net wages are hard to

calculate.4 Complexity increases the cost of being fully informed. Individuals

may therefore ignore some complexity of the tax system even if this implies

suboptimal decisions, choosing to be rationally inattentive (Sims, 2003; Reis,

2006; Cheremukhin et al., 2011). They may also not know or misunderstand
4A tax system solving trade-offs between equity and efficiency (Mirrlees, 1971) is nec-

essarily complex (Kleven and Kopczuk, 2011).
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the true incentive environment (Chetty and Saez, 2013; Chetty et al., 2013).5

In many cases the net-of-withholding-tax wage indicated on the wage

earner’s monthly (or more frequent) wage sheet is a ’best guess’ of the true

effective tax rate. Households may, mistakenly or as a rule of thumb, inter-

pret the net-of-withholding-tax wage as their true net wage. Such behavior

would be in line with research showing that individuals tend to stick to

salient features of a tax system (Chetty et al., 2009; Finkelstein, 2009) and

may miss incentives if they are not salient (Chetty and Saez, 2013). However,

if withholding taxes are levied at a constant rate, tax rates are progressive

and income is variable, a withholding tax is essentially always imprecise.

This imprecision is further increased if the household has multiple sources of

income or if it consists of more than one person. It is this imprecision that

makes withholding taxes behaviorally relevant - provided that households

regard withholding as informative and do not recognize their true effective

tax rates.

Our focus on withholding rate effects on labor supply links our study to

two strands of literature. The first investigates the effects of tax withholding

on household decisions. It shows that a reduction in the withholding rate

influences consumption behavior by stimulating spending (Feldman, 2010).

Moreover, withholding may increase tax compliance by limiting tax evasion

opportunities through third-party reporting (Kleven et al., 2011; Slemrod
5Abeler and Jäger (2015) show that tax incentives are more likely ignored in complex

environments. Furthermore, individuals’ cognitive resources may be insufficient to prevent
operational misunderstandings: Chetty et al. (2009) show that consumers have higher
demand for goods when prices are presented exclusive of sales tax, even if they know that
the sales tax applies and at which rate. Similarly, Feldman and Ruffle (2013) show that
people buy more with tax exclusive prices than with tax inclusive prices.
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et al., 2014), but potentially also by more voluntary compliance (Engström

et al., 2015).6 It may also affect the political salience of income taxation.7

Cabral and Hoxby (2012) argue that the absence of withholding makes the

property tax one of the most hated tax instruments, as in some US States

it is levied all at once and perceived more strongly by taxpayers. These

results indicate that high withholding rates may be desirable, at least for

compliance and a reduced political cost of taxation.

The second strand analyzes how taxes affect labor supply decisions when

the way of communicating them is varied. In particular, tax complexity

may change how individuals respond to labor market incentives. Abeler and

Jäger (2015), with a focus on experimental labor supply decisions close to

our paper, show that under constant effective tax rates higher complexity

leads to a misunderstanding of incentives and changes effort provision in an

experimental real effort task. Similarly, Avram (2015) shows that framing a

tax in different ways changes experimental effort.8

6Rees-Jones (2014) investigates ’overwithholding’ by households and finds that house-
holds increase their tax avoidance if tax adjustments result in additional payments. Jones
(2012) analyzes why households ’overwithhold’ and argues that it is driven by inertia.

7 Gamage and Shanske (2011) suggest to differentiate between economic salience de-
pending on whether perceived taxes influence economic or voting decisions.

8Other studies show that decision-makers may become subject to a ’net wage illusion’
by underestimating the impact of the tax rate, changing their labor supply if the gross wage
differs, even though the net wage remains constant (Fochmann et al., 2013; Fochmann and
Weimann, 2013) or when the wage is presented as a gross wage minus a tax instead of
an equivalent non-taxed wage (Hayashi et al., 2012). These papers discuss explanations
for such behavior, including anchoring on the base price, underestimating surcharges,
preferences for presentation (dislike of ’taxes’ which are labeled as such) and complexity
aversion. Decision makers may also be more aware of a tax if it is connected to their
current decision: Blumkin et al. (2012) show that participants reduce labor supply more
when their labor income is taxed compared to when their consumption is taxed by the
same amount. All these studies indicate that presenting income taxes as more immediate
would lead to stronger labor supply responses.
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2.2 Hypotheses

The above discussed literature suggests that salience matters when house-

holds have a prior belief on the effective tax rate, but are uncertain about

the true final rate.9 They use their wage and tax experience to update beliefs

on the tax system. We adopt the approach by Feldman and Ruffle (2013) on

household decisions to model these beliefs. Beliefs about taxes are updated

based on income received from working and when the final tax liability is

determined at the end of each year when the household receives a refund

or pays an additional amount. Although the final tax liability may vary

with the marginal tax rate being constant, an increase in the tax liability

is interpreted as an increase in the marginal tax rate, and vice versa. The

two settings (with and without withholding) give rise to different patterns of

updating and, thus, to different behavioral patterns over different periods.

In the setting with withholding tax, monthly income seems to be lower. At

the end of the year, there is a tax adjustment, which makes the household

adjust beliefs of the tax system. In our context, with differing withholding

rates, we are able to experimentally test this model. Also see the online

appendix (OA) for the description using a formal theoretical model.

First, if households are fully informed, neither the withholding tax nor

the tax adjustment at the end of the year change the household’s behavior.

Second, if households do not fully understand the tax system, but gen-

erally understand that the withholding tax is irrelevant for the calculation
9 Neither the theory of rational inattention nor alternative approaches (Eliaz and

Spiegler, 2011; Gabaix, 2011), make clear predictions how an otherwise irrelevant aspect
becomes behaviorally relevant (see also Kőszegi and Szeidl, 2013; Bordalo et al., 2010).
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of her effective marginal tax rate, beliefs and effort are not affected by the

withholding rate. However, households may update beliefs and adjust effort

after the final tax liability is announced and a tax adjustment is made.

Third, if households believe that the withholding tax reflects the effective

tax rate, the withholding rate affects effort, as high withholding rates signal

high effective tax rates. Additionally, effort is adapted after observing the tax

adjustment as beliefs are updated again. These three cases can be formulated

as a null hypothesis (the fully informed case) and two competing hypotheses.

H0 Tax adjustments and the withholding tax do not affect behavior.

H1a Tax adjustments affect behavior but withholding rates do not.

H1b Both the withholding tax and tax adjustments affect behavior.

3 Experimental design

In the experiment, labor supply was measured using a real effort task that

required participants to decode sequences. See Chow (1983) or Erkal et al.

(2011) for the use of decoding tasks in real effort experiments.10 411 vol-

untary student participants (45% female, average age 22) from various dis-

ciplines were recruited using ORSEE (Greiner, 2015). The experiment was

programmed in z-Tree (Fischbacher, 2007). Sessions were conducted between

November 2014 and July 2015 at the University of Münster.
10We chose this task as we expected it to lead to a greater variance in effort provision

compared to other tasks. Using decoding tasks may include an element of ability; however,
as we are interested in differences between treatments, this is does not create undesired
effects. We show later in the paper that low-ability participants are not driving our results.
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Participants were asked to individually go through the instructions on the

real effort task. They had to solve three control questions before continuing.

Subsequently, participants were informed that they would be proceeding

through two rounds of solving tasks with three periods each.11 Each period

of decoding lasted three minutes. Participants could solve as many tasks

as they liked. The task required decoding sequences of eight Greek letters

using a decoding table at the lower part of the screen assigning numbers to

Greek letters (see OA for an example). Sequences and the decoding table

changed after a sequence had been correctly decoded. For each correctly

decoded sequence participants received a gross piece rate of either 50 or 30

Euro cents depending on the treatment.

After each round, a participant’s total income from a round (of three pe-

riods) was subject to a progressive income tax. Table 1 shows the tax scheme

as provided to participants. Additionally, a detailed example described how

the final tax would be calculated. Tax rates were chosen to ensure sufficient

variation in the effective average tax rate. We used a pretest to estimate ex-

pected performance and most participants (90% of participants in the first

and 95% in the second round) decoded at least 17 sequences in one round,

hence reaching the highest bracket (the average number was 26 per round).

In treatments with withholding, participants received additional infor-

mation on how the withholding tax would be deducted from their earnings

at the end of each period. The instructions explicitly explained that with-

holding tax payments were only provisional and that the final tax payment
11Each period may be interpreted as a month and three periods as a year, however, they

were not referred to as months and years in the instructions.
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Table 1: Marginal tax rates by bracket

Solved tasks Tax rate
0− 4 0%
5− 10 20%
11− 16 36%
17−∞ 50%

would be (re)calculated according to the progressive tax scheme at the end

of the round, i.e. after three periods. It was also explained that this calcu-

lation might result in a refund or an additional payment. Since interest rate

effects and other confounding factors, such as having income available for

consumption or using high withholding as a savings commitment device, are

absent in the experiment, the withholding rate has no impact on the final

payment to participants.

We used several treatments, all between subjects. First, we varied the

withholding rate, using rates of 0%, 20% and 50%. Second, we had treat-

ments with and without a minimum effort option (see below). Third, we

varied the payment per correctly solved task between 30 cents and 50 cents;

this was done to contrast changes in perceived economic incentives to changes

in effective ones. Table 2 summarizes the different treatment combinations

and the number of participants and sessions per treatment. Participants were

randomly assigned to a treatment depending on the session they attended.12

Differences in the number of participants per treatment are mainly due to

the fact that the number of participants coming to a session was not fully
12That is, when sessions were scheduled for a period of one or several weeks of data

collection, treatments were assigned to sessions, while avoiding clustering treatments by
certain characteristics, such as morning or afternoon, specific weekdays, etc.
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predictable (and the number of participants per session was not fixed).13

Table 2: Number of participants [sessions] per experimental treatment

Minimum Effort Payment per task Withholding rate
0% 20% 50% Total

No 30 cents 37 [2] 39 [2] 44 [3] 120 [7]
No 50 cents 35 [2] 38 [2] 32 [2] 105 [6]
Yes 30 cents 79 [8] 107 [7] 186 [15]

Total 151 [12] 77 [4] 183 [12] 411 [28]

In treatments with a minimum effort option, participants could opt out

of the piece rate and choose a fixed payment for decoding two sequences (it

was possible to decode additional sequences but these were not remunerated;

in our data all participants who chose minimum effort solved at least two

sequences). The decision on minimum effort had to be made before the

respective period started. We thus added an extensive margin to the labor

supply decision problem. The payment for the minimum effort option was

exempt from tax. The level of payment, 120 Cents, was chosen such that it is

an attractive option if effort is perceived to be very costly or the tax as high.

If participants misinterpret the 50% withholding tax as final, they believe

that they have to solve at least 9 sequences (remunerated at 30 cents each) to

outperform the minimum effort option. However, 50% is only the marginal

tax rate in the highest bracket, which most participants only reach at some

later time during the third period of a round. The minimum effort option was

available from period 2 onwards. This ensures that all participants observe
13The experiment was the first experimental economic study at this laboratory, therefore

participant attendance habits were not known before the beginning of the data collection.
Further sessions were added later in the year to reach at least 32 participants in each
treatment arm and enough cases of minimum effort choices. However, also at later dates
of data collection a range of different treatments were included.

12



the withholding rate at least once (i.e., after the first period). Furthermore,

this way participants learn that it is easy to solve more than two sequences

in one period (the average number of solved sequences was 8.7).

In treatments with the minimum effort option, we did not vary the pay-

ment per task because the previous results had not indicated strong effects

of paying 30 cents instead of 50 cents. Furthermore, we only used withhold-

ing rates of 0% and 50% to increase the statistical power of comparisons.

As only a small fraction of participants chose minimum effort at least once,

larger samples are necessary to make sound comparisons. For the minimum

effort option we increased the number of subjects until a sufficient number

of participants had chosen minimum effort at least once. The number of

participants required in the minimum effort treatment was estimated after

running the first sessions, aiming at 30 individuals choosing minimum effort

at least once.14

All participants were able to keep track of their gross income earned in a

period (in real time) at the top of the decision screen.15 The treatments differ

in the time profile of information. After each period, the no-withholding

group received a summary of gross income earned in a period, whereas the

withholding group was provided with a summary of gross income minus the

withholding rate and the withheld tax payment. Furthermore, participants

in all treatments (with and without withholding) were reminded that these

income and tax figures were preliminary and that the final tax liability would
14One more session was run for the high withholding rate by chance, as this session had

already been scheduled, resulting in 28 participants more in this treatment arm.
15This information was provided independent of the withholding rate. In case minimum

effort was chosen the number of correctly solved sequences as well as information that two
sequences needed to be solved was provided.
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be calculated at the end of the round. In case of the minimum effort option,

the numbers of correctly solved tasks as well as the tax free payment of 1.20

Euro was displayed. After each round, the final tax liability for the three

preceding periods was calculated and displayed. Withholding tax payments

were credited against the final tax liability and tax adjustments were shown.

This calculation results in either a tax refund or an additional tax payment.

If minimum effort was chosen in some periods, income from these periods

was added to the final income of the round. Due to this design responses

to withholding taxes will always be observable in the subsequent period (in

the first period effort should be the same across treatments). Thus, our

identification strategy rests on the comparison of participants which have

perfectly identical incentives to exert effort but are provided with different

streams of information on income from effort.

Each experimental session lasted approximately one hour including in-

struction time and a post-experimental questionnaire. Participants received

a show up fee of 5.00 Euro plus earnings from solving tasks during the ex-

periment, earning on average 17.87 Euro. After all participants had finished,

they were given a short questionnaire on personal background, motivation

to participate in the experiment and attitude towards taxes (see OA for a

list of questions).

Our pretest, intended to estimate the expected number of solved se-

quences per participant, indicated that numerous participants mainly tried

to solve as many sequences as possible, independent of incentives. To iden-

tify this group of intrinsically ambitious participants as well as those who

would be motivated to exert effort in response to economic incentives, we
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included a question in our post-experimental questionnaire to identify these

and other types of individuals (we added two further categories of potential

motivation). Although rarely studied as the main variable of interest, the

existence of types is widely documented in the experimental economic lit-

erature (e.g., Fischbacher and Gächter, 2010; Kurzban and Houser, 2005).

Table 3 provides information on the sample of participants based on their

motivation to solve tasks. While there are more individuals motivated by

money and less ambitious participants in the 20% withholding treatment,

no relationship between these two motivations and the withholding rate is

observable when testing for statistical significance. Testing for whether treat-

ments induce certain motivations does not show any significant bias.16 See

the OA for detailed results, showing that motivational type does not ap-

pear to be influenced by treatment (supporting our assumption that these

self-assessed traits can be considered fixed). Similarly, the fraction of par-

ticipants motivated by money is not significantly more common (p>0.151)

in the 20% treatment. Further testing also shows that performance in the

experiment is significantly higher for ambitious participants (p≤0.001) who

solve on average 6.36% more than the other groups.

In the analysis below, we differentiate in large parts of our analysis by

these self-chosen types and focus on those motivated by money. Our con-

jecture is that those motivated by money react more strongly to economic

incentives. Our results show that they do, being the driving factor behind
16Only the presence of the outside option is correlated with a higher number of par-

ticipants reporting their main motivation to solve tasks as fun, which should not have
any effect on the results, given the low number of participants in this category and the
fact that results do not depend on pooling these participants with money-motivated or
non-money-motivated subjects.
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Table 3: Self-reported motivations of participants

All 0% 20% 50%
Earn as much money as possible 52% 50% 60% 50%
Ambition 41% 42% 32% 44%
Fun 5% 7% 4% 4%
To do what the experimenter asked me to do 2% 1% 4% 2%

any findings on the effects of tax adjustments and withholding, but also by

having higher effort in sessions with a higher piece rate – in contrast to am-

bitious participants whose effort is rather lower when they are paid more for

their effort.

4 Experimental results

4.1 Baseline results

We start by reporting the basic properties of our experimental data. There

is an upward trend in effort over the six periods, which we interpret as learn-

ing or practice, whereas better performance in the previous period improves

practise and positively influences the score in the following period(s). Aver-

age effort is 7.8 tasks solved (standard deviation = 1.8) in period 1 and 10.1

(s.d.=2.4) in period 6. The average numbers per round are 8.5 (s.d.=1.9) in

round 1 and 9.7 (s.d.=2.1) in round 2.

The withholding rate has no signiqficant impact on aggregate effort (9.1

tasks per period for 0%, 8.9 for 20% and 9.2 for 50%, all pairwise com-

parisons between treatments using t-tests and ranksum tests with p≥0.2).

Given that participants faced the same tax incentives, this may be considered

unsurprising. However, it does not necessarily mean, though, that withhold-
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ing taxes have no impact at all because withholding taxes affect the time

profile of information received by participants. If net-of-withholding wages

are perceived as an approximation of effective net wages, participants in the

50% treatment perceive their wages to be lower than those in the 20% or 0%

treatment. Our theory implies that participants update their beliefs after

having received income after each period and in period 4 when having re-

ceived a refund or paid additional taxes. Therefore the question is whether

new information leads to an adjustment in effort.

In period 1, each participant has the same set of information (recall that

participants do not experience withholding taxes before the end of period 1)

and, reassuringly, effort in this period is virtually the same across withhold-

ing treatments.17 We subsequently loo at between-period changes in effort.

18 Taking this as a starting point, the treatments vary in the information re-

ported to the participants. In periods 2 and 3 as well as 5 and 6, participants

have just received their wage net of withholding tax or their gross wage, de-

pending on the treatment. In period 4, participants have just experienced the

tax adjustment, i.e. they had to pay additional taxes or got a refund. Hence,

we have ’Withholding’ periods (2,3,5,6) and a ’Tax adjustment’ period (4).
17All p≥0.44 for any t-test of pairwise comparisons between treatments and also small

in magnitude, with 2.5% deviation at the mean being the largest difference.
18The focus on changes instead of absolute levels is due to the nature of data generated in

our real effort task and due to the conjectures effect of withholding. Firstly, effort provided
in real effort tasks tends to be concentrated around maximum effort. Hence, treatment
differences will mainly reflect how much participants try to extend their maximum score,
which will be done by increasing their score from one period to the next (or reduce effort
in case demotivating information has been received). Secondly, our design only changes
the information flow between periods. Therefore, new information will only lead to an
adaption of behavior compared to the previous period. Finally, due to the nature of
withholding taxes, withholding in normal months and tax adjustments at year end have
effects in the opposite direction. All these factors are best reflected when using between-
period changes in effort as the variable of interest.
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We can also use a more narrow definition of more pure ’Withholding’ pe-

riods (1,3), as later periods may be influenced by having experienced tax

adjustments before, and this experience may have a lingering-on effect.

If information is behaviorally relevant, we should expect individuals to

adjust their effort differently in each treatment. Figure 1 presents the between-

period changes in effort for periods 2 and 3, and period 4 using the more

narrow definition. The corresponding figure with the wider definition is in-

cluded in the appendix. Figure 1 shows changes for the full sample (left

panel) and the money-motivated subsample (right panel), previewing our

main findings, showing no visible effect of the withholding rate on effort for

the full sample, and a strong difference between high and low withholding

treatments and their resulting tax adjustments. The right panel refines this

picture and shows effects of both the withholding rate and tax adjustments

for the money-motivated subsample.

We interpret this as first evidence that the difference in information flows

due to withholding rates may affect effort, at least via the tax adjustment.

To further examine this effect, we turn to regression analysis. We continue

to focus on between-period changes as the main outcome variable.19 On

average, participants increase their effort by 0.45 (standard deviation: 1.78)

with a small (but significant) decreasing trend towards later periods.20 We

test our hypothesis in a regression model which can be described as

∆ Effortt = α + Xβ + γ tax adjustment + δ withholding rate + ε

19The OA shows that the main result can also be shown using effort levels as the outcome
variable; that is, a significant effect of tax adjustment on effort for the full sample and a
stronger effect for those who are money-motivated.

20The corresponding number for the subsample of money-motivated participants is a
mean of 0.39 with a standard deviation of 1.80.
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Figure 1: Average change in effort to the previous period
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The figure shows the change in average effort (i.e. the change in the number
of sequences solved) for the full sample (left panel) and the money-motivated
subsamples (right panel). Within each sample, the average effort change of
the periods 2 and 3 (”Withholding”) and the average effort change in period 4
(”Tax adjustment”) are reported.

, whereas γ and δ are our main variables of interest and Xβ includes a

vector of control variables, depending on the specification. Table 4 shows

the corresponding regression results for the full sample. The between-period

change in effort is regressed on the tax adjustment (with negative values

implying a refund), the withholding rate (0, 0.2 or 0.5) and other controls.21

21For the following regressions we pool treatments with and without the minimum ef-
fort option. Only very few participants chose minimum effort and appear to be those
in the distribution of participants who would provide low effort also in sessions without
this option. Among those who chose minimum effort, a large fraction also exerts more
than minimum effort, again making effort of minimum-effort choosers very comparable to
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Columns 1 and 2 report the results of the simplest regression using only the

tax adjustment (as parametric variable) in period 4 as the main explana-

tory variable, as well as individual fixed (1) and random effects (2) linear

models. In column 3, a lagged variable for the tax adjustment is added.22

Participants adjust their effort after period 3 according to the information

received at the end of the first round. A refund increases effort, an addi-

tional tax payment reduces effort. Column 4 adds the withholding rate (as

parametric variable),23 column 5 the pay level (50c or 30c) and column 6

potential interactions between the two.24 The tax adjustment effect remains

robust, whereas the effect of the withholding rate is insignificant (p=0.11 for

specifications 4-5 and p=0.18 for specification 6).25

While the significant effect of tax adjustments supports our claim that

withholding taxes are behaviorally relevant, the findings of Table 4 point to

a conflicting result. If only tax adjustments trigger a behavioral response

while the withholding rate does not have an effect during normal periods,

low-effort individuals in the distribution of sessions without the minimum effort option.
The outside option hence serves more as a sorting device than changing the distributional
structure of effort choices. The OA also shows that the main findings of tax adjustments
and withholding for money-motivated participants is very similar (and differences statisti-
cally insignificant) between treatments with and without the minimum effort option. We
pool the treatments with and without the minimum effort option to increase our sample
size and statistical power.

22The OA includes more regression estimates with additional lagged variables for the
tax adjustment and binary indicator variables for the withholding rates.

23Using the withholding rate as an indicator variable instead shows that any withholding
effect would be driven by the high withholding rate. Using the continuous variable allows
us to include a combined variable of the withholding rate and of paying 50 cents instead
of 30 cents per task which can still be meaningfully interpreted. Including this combined
variable is the theoretically most correct approach, as it informs about the displayed net
amount paid per task which the participant observes each round.

24Since the withholding rate affects the perceived net wage differently if the gross wage
changes, we control for differential effects by including an interaction variable.

25Using the tax refund per solved task instead of the raw value of the total tax refund
provides the same result.
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Table 4: Determinants of between-period changes in effort for the full sample

(1) (2) (3) (4) (5) (6)
Tax adjustment -0.13*** -0.10*** -0.09** -0.12** -0.12** -0.12**

(0.05) (0.04) (0.04) (0.05) (0.05) (0.05)
Tax adjustmentt−1 -0.01

(0.04)
Withholding rate -0.22 -0.22 -0.19

(0.14) (0.14) (0.14)
50c per sequence 0.00 0.04

(0.04) (0.06)
Withholding rate -0.18
× 50c per sequence (0.21)
Fixed/random effects FE RE RE RE RE RE
Constant 0.46*** 0.46*** 0.36*** 0.52*** 0.51*** 0.51***

(0.01) (0.02) (0.02) (0.04) (0.05) (0.05)
n (individuals) 411 411 411 411 411 411
N (observations) 2055 2055 1644 2055 2055 2055
Linear random effects regressions, dependent variable: Change (from preceding pe-
riod) in sequences solved, standard errors (in brackets) clustered by individual. *
indicates 10%, ** 5% and *** 1% significance. The variable ’Withholding rate’ takes
the values 0, 0.2 and 0.5; ’Tax adjustment’ describes the (positive or negative) ad-
justment observed in period 4 (the variable is equal to zero in all other periods); and
’50c per sequence’ is a dummy variable equal to 1 if the payment was 50 cents instead
of 30 cents.

total effort should be higher in treatments with higher withholding because

tax adjustments are a direct function of withholding. However, this is not

the case, as shown above. A potential explanation for this puzzle may be

that the withholding rate has a negative effect on effort, but this effect is im-

precisely measured in the full sample. In the following, we will therefore split

the sample to reconcile these two mutually contradicting findings, reverting

to our pre-experimental observation of some participants being seemingly

unresponsive to any incentive, and try to identify individuals reacting to

experimental incentives.
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4.2 Subsamples by motivation

As our pre-test had indicated that some participants appeared to be unre-

sponsive to economic incentives which can be understood as reflecting the

heterogeneity in motivations to work (earn money, work ethic norms, self-

fulfillment, etc.) in real-world labor markets. Heterogeneity of reactions

in terms of performance to monetary incentives in real effort experiments

is commonly observed in the literature (see Camerer and Hogarth (1999)

for a review of heterogeneous effort responses to financial incentives. We

therefore use our data on self-assessed motivation to solve tasks to identify

participants who may be more responsive to incentives and may therefore

drive our results. In the following, we differentiate between individuals who

indicate to be mainly motivated by money and those who are motivated

otherwise (i.e. by ambition, fun and to please the experimenter). Like on

real-world labor markets, extrinsic motivation may affect individual behavior

with differing strength and the heterogeneity in responsiveness to incentives

has been shown in the literature.

Table 5 shows the regression results for the subsample of money-motivated

participants. Not only is the effect of tax adjustment significant and stronger

than in the full sample, but the withholding rate has a significant effect (spec-

ifications MM4-MM6). Additionally, the amount paid per sequence (MM6)

have a meaningful and sizeable effect, which is not observable to the non-

money-motivated sample. 26 This resolves the conflicting results in the
26The OA provides the equivalent results for the subsample of non-money-motivated

participants. For them neither the tax adjustment nor the withholding rate have a sig-
nificant effect on effort. In other words, the effects found in the full sample seem to be
entirely driven by the participants that assess themselves as mostly money-motivated.
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full sample: The withholding tax reduces effort, the tax refund increases

effort. In total, withholding rates have no impact on total effort. However,

both findings are only visible for those participants reporting to be money-

motivated and appearing to respond to incentives.

Table 5: Determinants of between-period changes in effort of money-
motivated participants

(MM1) (MM2) (MM3) (MM4) (MM5) (MM6)
Tax adjustment -0.18*** -0.12*** -0.11** -0.16*** -0.17*** -0.17***

(0.06) (0.05) (0.05) (0.06) (0.06) (0.06)
Tax adjustmentt−1 -0.04

(0.06)
Withholding rate -0.44** -0.43** -0.36*

(0.20) (0.20) (0.20)
50c per sequence 0.10 0.21**

(0.06) (0.09)
Withholding rate -0.47
× 50c per sequence (0.33)
Fixed/random effects FE RE RE RE RE RE
Constant 0.41*** 0.41*** 0.33*** 0.53*** 0.50*** 0.48***

(0.01) (0.03) (0.04) (0.06) (0.06) (0.06)
n (individuals) 213 213 213 213 213 213
N (observations) 1065 1065 852 1065 1065 1065
Linear random effects regressions, dependent variable: Change (from preceding period)
in sequences solved, standard errors (in brackets) clustered by individual. * indicates
10%, ** 5% and *** 1% significance. The variable ’Withholding rate’ takes the values 0,
0.2 and 0.5; ’Tax adjustment’ describes the (positive or negative) adjustment observed
in period 4 (the variable is equal to zero in all other periods); and ’50c per sequence’ is
a dummy variable equal to 1 if the payment was 50 cents instead of 30 cents.

4.3 Robustness

We scrutinize the robustness of our findings on the effect of the withholding

rate in several ways. We first investigate if the effect of adjustments lingers

on and influences decisions in further periods. Results from this analysis

show that such a continuation effect, although being in the right direction,

is not consistently significant (MM3 in Table 5; also see OA for alterna-
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tive specifications). We also test whether the effect of tax adjustments is

significant both for refunds and additional tax payments, or if there is a

breakpoint (e.g., due to loss aversion). We find that the effect is about

of the same magnitude for refunds and additional payments as there is no

significant interaction effect (see OA).

We subsequently introduce further control variables based on the exper-

imental structure and our post-experimental questionnaire. These include

the score of the first period (’Initial score’) as an indicator of ability, period

dummies to account for possible time trends and demographics (gender and

age). Specification (MM7) in Table 6 shows the outcome of this procedure

and represents a possibly ’richest’ specification. As can be seen, the initial

score and period controls are significant, while demographics are not. The

main result regarding tax adjustments and withholding remain. This re-

sult does not change when including further control variables based on the

post-experimental questionnaire (see OA).

We also test if participants’ skill levels drive the effect of a reaction to

withholding rates. To answer this question we split the sample of money-

motivated participants once more into high and low performers using the

score in the first period as an indicator of ability, see specifications (MM8)

and (MM9) of Table 6. Using the time used for solving the test questions

or self-reported math skills in the post-experimental questionnaire instead

provides qualitatively the same results (see OA). As can be seen, rather high-

ability individuals seem to drive the result: For them the effect is at least

not weaker than for low-ability participants.

Finally, we check if learning about the withholding rate in the second
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Table 6: Drivers of between-period changes in effort for money-motivated
participants

Initial score Round
low high first second

(MM7) (MM8) (MM9) (MM10) (MM11)
Tax adjustment -0.20*** -0.14 -0.22*** -0.24***

(0.07) (0.10) (0.08) (0.07)
Withholding rate -0.39* -0.29 -0.52* -0.34 -0.51*

(0.21) (0.27) (0.28) (0.31) (0.28)
50c per sequence 0.22** 0.20 0.23** 0.03 0.38***

(0.10) (0.13) (0.10) (0.18) (0.13)
Withholding rate -0.50 -0.20 -0.75** -0.18 -0.78*
× 50c per sequence (0.33) (0.44) (0.32) (0.63) (0.45)
Initial score -0.04** -0.07** 0.05 -0.23*** 0.08***

(0.02) (0.03) (0.05) (0.04) (0.02)
Female -0.02 -0.02 -0.01 -0.04 -0.01

(0.06) (0.08) (0.08) (0.13) (0.08)
Age 0.01 -0.00 0.02* 0.04* -0.01

(0.01) (0.01) (0.01) (0.02) (0.01)
constant 0.91*** 1.83*** -0.81** 1.83*** -0.22

(0.27) (0.36) (0.38) (0.56) (0.33)
Period Dummies Yes Yes Yes Yes Yes
n (individuals) 213 130 122 213 213
N (observations) 1065 650 610 426 639
Linear random effects regressions, dependent variable: change (from preced-
ing period) in sequences solved; standard errors clustered by individual. *
indicates 10%, ** 5% and *** 1% significance. The variable ’Tax adjustment’
describes the (positive or negative) adjustment observed in period 4 (the vari-
able is equal to zero in all other periods). Initial score describes the effort in
the first Period; other control variables as indicated.
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round (or ’year’) leads to a disappearance of the effect. If this were true,

the withholding rate effect would be only short-lived (and of little relevance

in real world tax systems). However, again we find that the effect does not

become smaller (specifications (MM10) and (MM11)). Hence, both higher

ability and learning do not seem to correct the misperception of income and

taxes due to withholding.

4.4 Minimum effort choices

Do high withholding rates cause participants to opt out of the pay-for-

performance scheme and choose the minimum effort option? As shown in

Table 2, 186 participants could chose minimum effort from Period 2 onwards.

Concentrating on those participants mainly motivated by money, this sam-

ple is reduced to 98 participants. Figure 2 shows the frequency of minimum

effort choices as well as the fraction of individuals who chose minimum effort

at least once, separated by those mainly motivated by money and others.

While there is virtually no effect for non-money-motivated participants,

the frequency of minimum effort choices when withholding is high (17%) is

more than twice the frequency under no withholding (8%) for the money-

motivated. A similar, but less striking result is visible when looking at the

fraction of individuals with at least one minimum effort choice. This indicates

that withholding influences the decision to opt out of the performance-based

income scheme. However, analysis of the data needs to consider that these

results are influenced by individuals who completely opt out of the piece

rate, while others choose minimum effort only once or twice.

We first test the higher propensity to opt out of the piece rate using
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Figure 2: Choice of the ’minimum effort’ option
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Minimum effort chosen by withholding rate

The figure shows the fraction of times in which participants chose the mini-
mum effort when this option was available, for the subsamples of non-money-
motivated and money-motivated participants and, within these two subsamples
differentiated for the 0 per cent and 50 per cent withholding rate treatments.
For example, money-motivated participants chose the minimum effort option
in about 17 per cent of all periods with a 50 per cent withholding rate.

several tests. We first use t-tests and Wilcoxon ranksum test of participants

choosing minimum effort at least once, both indicating a significant difference

(t-test: p=0.047; ranksum: p=0.048) for the full sample, as well as for

the subsample of money-motivated participants (t-test: p=0.036; ranksum:

p=0.036). We then calculate the total number of minimum effort choices by

individual and test these across treatments, showing an insignificant effect

in a t-test (p=0.234) for the full sample and a marginally significant one in
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a ranksum test (p=0.087), while being marginally significant in a t-test for

the money-motivated subsample (p=0.095) and insignificant in a ranksum

test (p=0.130). However these tests cannot fully reflect the repeated-choice

structure of the data.

We therefore scrutinize the difference in a regression analysis, using lin-

ear and probit random-effects models. Results from this analysis for the

money-motivated participants are shown in Table 7. They are, however,

inconclusive, with the significance level being either marginally significant

or insignificant depending on the specification. The corresponding results

for the full sample (included in the OA) show no significant overall effect.

Hence, even for money-motivated participants we cannot firmly conclude if

withholding or tax adjustments lead to significantly more minimum effort or

not and the effect is insignificant when including all participants.

5 Discussion: Implications and external validity

Our study shows that tax withholding can be behaviorally relevant by chang-

ing labor supply, most strongly through resulting tax adjustments at year

end but potentially also throughout the year. Our results suggest that par-

ticipants in our experiment update their beliefs on the tax burden by putting

too much weight on currently experienced tax payments. Our hypothesis H0

of withholding and adjustments being behaviorally neutral is rejected in fa-

vor ofH1a for all participants, due to the significant effect of tax adjustments.

As those participants who drive our rejection of H0 also react significantly

to withholding over the periods, H1b appears as the most appropriate alter-
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Table 7: Determinants of minimum effort choices of money-motivated par-
ticipants

(MM10) (MM11) (MM12) (MM13) (MM14) (MM15)
Linear model Probit model

Withholding rate=50 0.08* 0.08* 0.10** 0.59* 0.60 0.75*
(0.05) (0.05) (0.05) (0.36) (0.37) (0.39)

Tax adjustment 0.00 0.01 0.02 -0.18
(0.01) (0.01) (0.15) (0.33)

Initial score -0.04*** -0.32***
(0.01) (0.11)

Female -0.07 -0.49
(0.05) (0.38)

Age 0.00 0.02
(0.01) (0.07)

Period Dummies NO NO YES NO NO YES
Constant 0.08*** 0.08*** 0.42* -2.13*** -2.13*** 0.35

(0.03) (0.03) (0.23) (0.33) (0.34) (1.66)
n (individuals) 98 98 98 98 98 98
N (observations) 490 490 490 490 490 490
Linear and probit random effects regressions, dependent variable: Minimum effort option
chosen (=1) or not(=0), standard errors (in brackets) clustered by individual in the lin-
ear model. * indicates 10%, ** 5% and *** 1% significance. The variable ’Withholding
rate=50’ is a binary variable equal to one when the withholding rate is 50%; ’Tax adjust-
ment’ describes the (positive or negative) adjustment observed in period 4 (the variable
is equal to zero in all other periods); ’Initial score’ describes the effort in the first period;
other control vairables are as indicated.

native to H0 for money-motivated participants.

5.1 Economic significance

While we show statistically significant effects of withholding on labor supply,

we also consider the economic significance of our results. A withholding rate

of 50 per cent reduces the average increase in effort by 0.18 (=0.36 * 0.5)

sequences (see MM6), which is large relative to the corresponding average

effort change of 0.39 for money-motivated participants. This would translate

into a perceived-net-wage elasticity of effort change of 0.72. The compari-

son is less pronounced relative to the average overall effort of 9 sequences,
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corresponding to an elasticity of 0.04. Are these large or small labor supply

responses to withholding? We read these elasticities as substantial. Par-

ticipants in our experiment do not respond very strongly to real economic

incentives and a similar picture is true for wage earners in the real world27.

To evaluate the economic significance of withholding we may be use a com-

parison with effects of changing the effective net wage. Reducing the gross

payment per task from 50 to 30 cents (equivalent to a 40% effective tax)

leads to an effort reduction of money-motivated participants (relative to the

trend) of 0.21 sequences (MM6), translating into an elasticity of 0.06 relative

to total effort. Hence, the perceived-net-wage elasticity is two thirds of the

effective-net-wage elasticity, which we regard as an economically large effect.

While effects are substantial for our money-motivated participants, ef-

fects in the full sample are smaller and essentially zero for non-money-

motivated participants. Our results therefore need to be qualified: To the

degree that economic incentives matter, withholding tax rates significantly

affect labor supply. Hence, participants who respond to monetary incentives

also respond to withholding tax rates, although these do not matter for net

wages.

5.2 Policy implications

Our results imply that, from a policy perspective, there is a trade-off between

high perceived tax rates in some months and low perceived tax rates in oth-

ers. Lower withholding rates reduce the perceived tax rates throughout the
27E.g., Bargain et al. (2014) estimate own-wage labor supply elasticities of European

married men to be between 0.05 and 0.15.
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year, but increase them at the end of the year due to larger tax adjustments.

This trade-off sheds light on recent work suggesting that shrouded tax in-

centives may be welfare-enhancing since they mitigate potentially negative

responses to taxation (Abeler and Jäger, 2015; Chetty et al., 2009). Our

study demonstrates that mistaken responses to shrouded taxes will at some

point become visible, be it in the form of large additional tax payments or

refunds, and lead to a revision in behavior.

This raises the question how withholding taxes could be optimized and

what could be their optimal economic salience (Goldin, 2015) in terms of

household behavior (Sitzia et al., 2012). To answer this question, additional

effects of withholding have to be considered, for example on saving, consump-

tion or tax compliance. As pointed out in the introduction, many studies

come to the conclusion that high withholding rates are desirable. Our results

may be interpreted as an argument against high rates since it highlights the

potential cost of lower perceived net wages throughout the year.

Our results may also be informative for the taxation of married couples.

With joint taxation and progressive income tax rates, choosing adequate

withholding rates is more difficult, since the effective tax depends on the

income of both spouses. The withholding rate on the second earner’s in-

come cannot be computed without information on the first earner’s income.

Since employers usually do not have this information, withholding rates are

necessarily incorrect in many cases. This is true for the United States and

Germany where tax authorities differentiate withholding taxes for single and

married individuals, or for the United Kingdom, Ireland and Australia where

governments have implemented comprehensive withholding systems that col-
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lect all taxes on wage income.28 An undesirable effect of joint taxation may

be that it increases the perceived marginal tax rates for the second earner

and negatively affects labor supply at the intensive (by adjusting the number

of hours worked) and the extensive margins (by quitting the labor market

or opting for jobs in which performance above a certain minimum is not

further rewarded). Our results indicate that both effects could arise and

may lead to a higher fraction of second earners working less or opting out of

performance-based jobs due to high withholding.

5.3 External validity

An obvious caveat of laboratory results is that it is difficult to translate

them to the real world. However, the laboratory allows focusing on specific

features of real-world labor markets and their effect on individual behavior.

In this regard, we consider our experiment a proof of concept, testing for

withholding rate effects when real-world complexities (time discounting, risk,

tax law complexity, etc.) can either be abstracted from or be controlled

for. Our results show that behavior is affected by theoretically irrelevant

withholding taxes although participants are thoroughly explained how the

tax system works. In real-world labor markets and in a more complicated

tax system, without explanations provided and a large time gap between

working and receiving tax refunds, effects similar to ours are likely. In this
28 See for the US the tables in www.irs.gov/pub/irs-pdf/p15.pdf (p.

43ff), for Germany §§ 38, 38a-b, 39, 39a-f EStG (http://www.gesetze-im-
internet.de/estg/BJNR010050934.html), for the UK a pay-as-you-earn system
(http://www.hmrc.gov.uk/payerti/paying/deadline.htm), for Australia a pay-as-
you-go system http://www.ato.gov.au/Business/Activity-statements/Pay-as-you-go-
%28PAYG%29-income-tax-instalment/.
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sense, our contribution provides first hints how withholding taxes may affect

labor supply, but not how much. For the same reason, the fact that, in

aggregate, our withholding and tax adjustment effects balance each other

out does not extrapolate to the real world.

The results in Tables 5 and 6 demonstrate that the behavioral effects of

withholding taxes, at least through tax adjustments, can be shown for the full

sample, but are driven by money-motivated individuals. We do not consider

this as a major limitation, since heterogeneity in work motivation may also be

expected to be a feature of real-world labor markets. Workers who are mainly

motivated by ambition, follow perceived work norms or simply enjoy work

may not react strongly to a change in their extrinsic incentive environment.

We therefore summarize that, as long as there are wage earners who are

motivated by money, withholding taxes can have distortive effects.

6 Conclusion

In our experiment, we investigate the effect of withholding taxes on labor

supply decisions. We vary the level of withholding rates which are, by con-

struction, irrelevant for the decision-makers’ economic incentives. We find

that withholding taxes decrease labor supply, at least when decision mak-

ers are motivated by monetary incentives. Provided that our results can be

interpreted in terms of real-world labor markets, policy-makers should pay

attention to the choice of withholding taxes and the payment of refunds.
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