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Abstract
There is increasing evidence that people underestimate the magnitude of compounding in-

terest. However, if people were aware of their inability to make such calculations they should
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we find that people exhibit substantial exponential-growth bias, and, more importantly, that
they are overconfident in their ability to answer questions that involve exponential growth. They
also exhibit overconfidence in their ability to use a spreadsheet to answer these questions. This
evidence explains why a market solution to exponential-growth bias has not been forthcoming.
Biased individuals have sub-optimally low demand for tools and services that could improve
their financial decisions.
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1 Introduction

Chess . . . was invented for the entertainment of a king who regarded it as a training in
the art of war. The king was so delighted with the game that he offered the inventor
any reward he chose to name. The latter said he only wished to have the amount of
corn resulting from placing one grain on the first square, two on the second, and so
on, doubling the number for each successive square of the sixty-four. This sum, when
calculated, showed a total number of grains expressed by no less than twenty figures, and
it became apparent that all the corn in the world would not equal the amount desired.
The king thereupon told the inventor that his acuteness in devising such a wish was even
more admirable than his talent in inventing [chess]. — A.A. Macdonell, “The Origin
and Early History of Chess”, Journal of the Royal Asiatic Society, January 1898, 30(1):
pp. 117–141.

The passage above highlights the unintuitive difficulty in perceiving exponential growth. This

systematic underestimation is referred to as exponential-growth bias (EGB) in the economics liter-

ature (Stango and Zinman, 2009; Levy and Tasoff, 2015). This misperception implicates a second

and equally important error; the king is surprised by the magnitude of his misperception. We refer

to this mistake as overconfidence in exponential estimation, and it is the focus of this paper.

Recent work has shown that EGB is widespread and correlated with important financial out-

comes. Many psychology and economics papers, beginning with Wagenaar and Sagaria (1975), have

shown robust evidence for EGB in the lab (Wagenaar and Timmers, 1979; Keren, 1983; Benzion,

Granot and Yagil, 1992; MacKinnon and Wearing, 1991; Eisenstein and Hoch, 2007; McKenzie and

Liersch, 2011). Stango and Zinman (2009) use the 1977 and 1983 Survey of Consumer Finances

and find that those with a larger error on a question about interest rates have higher short-term

debt to income ratios, lower stock ownership as a percentage of portfolios, lower savings rates, lower

net worth, and no difference in long-term debt to income ratios. Levy and Tasoff (2015) measure

EGB in a representative sample of the US population and find that about one third are fully biased

meaning that they perceive compound interest as simple interest. They find that all else equal, the

un-biased type is associated with 55-90% more assets than a fully biased type, or $87,878–93,500 in

absolute terms. This is about one third of the median household’s non-annuitized wealth at retire-

ment (Poterba, Venti and Wise, 2011), and it is therefore important to understand the mechanism

underpinning the correlation.
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While the evidence is mostly correlational, there are reasons to believe that some of these

associations are causal in nature. First, theory predicts that EGB will lead to sub-optimally

low savings. The model of Stango and Zinman (2009) predicts the correlations found in their

empirical analysis, and the lifecycle-consumption model in Levy and Tasoff (2015) predicts that

biased people will undersave. Second, there is observational evidence that a law designed to curb

the negative effects of EGB heterogeneously affected consumers as a function of their bias. Stango

and Zinman (2011) find that people who make larger errors on an interest rate question in the

Survey of Consumer Finances have higher APR’s on their personal loans prior to mandated APR

disclosure. Mandated disclosure then compressed the interest rates on the loans of the relatively

biased and unbiased people. Regulation seems to have prevented firms from price-discriminating

on borrowers’ cognitive biases. Finally, perhaps the most direct evidence comes from Goda et al.

(2015). In a hypothetical retirement savings experiment, using a representative sample of the US

population, they find that less biased people increase their 401(k) contributions more in response

to an employer match.

Conventional economic thinking suggests that the market should solve this problem. A finan-

cially unskilled agent could simply outsource financial decisions to an expert, and a competitive

market for advice would eliminate the effect of EGB on financial decisions. Given the pervasiveness

of EGB, if consumers were self-aware of their inability to evaluate financial products, there should

be large demand for services and tools that could help biased consumers to make sound financial

decisions. Although such services do exist it seems that consumer biases persist in the unfettered

marketplace (Stango and Zinman, 2011). Agency problems may cause partial unraveling of advice

markets. Mullainathan, Noeth and Schoar (2012) find that investment advisors encourage clients

to incur unnecessary fees. Perverse incentives may cast doubt on some forms of advice. But there

is a supply of financial advisers that seem to offer sound honest advice to help clients reduce their

debt, obtain low-interest loans, and save for retirement. Nonetheless, the extent of demand for

such advice appears insufficient to eliminate a correlation between EGB and financial outcomes in

cross-sectional analysis.

We posit that people are overconfident about their exponential estimation, and therefore exhibit
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sub-optimally low demand for financial advice and tools that could improve their financial decisions.

Overconfidence is a widespread cognitive bias but not universal. Moore and Healy (2008) find that

people tend to be overconfident on hard tasks but under-confident on easy tasks. Lusardi and

Mitchell (2014) find that confidence in financial literacy tends to be high even in samples that have

low actual literacy rates. Although these results are suggestive, these subjective Likert measures

cannot be used to measure the degree or importance of overconfidence. Moreover, these measures

are silent on whether people are overconfident about their exponential estimation.

In our experiment, subjects answer questions that involve exponential growth and are paid

based on accuracy. They may obtain either a spreadsheet or the true answer to improve their

score. We elicit subjects’ willingness to pay (WTP) for the spreadsheet and for the correct answer.

A risk-averse subject who expects to lose x on a question should be willing to pay at least x for the

correct answer, and strictly more than x if she is strictly risk-averse over the experimental stakes.

Any disutility from answering the questions without aid would further increase her WTP.

We find that subjects exhibit a high degree of EGB. We estimate the distribution of α, the

accuracy of a person’s perceptions, where α = 1 implies the person correctly perceives exponential

growth and α = 0 implies that a person perceives exponential growth as linear. The average α

is 0.65 which is slightly higher than the distribution in a representative sample of the population

US (Levy and Tasoff, 2015). Average performance earnings across the control group were $11.33.

Given that maximum earnings were $25, and the correct answer, barring trembles, guarantees

maximum earnings, the optimal average WTP should be $13.67. Instead we find that the average

WTP for the correct answer is only $5.70. We construct a normalized measure of overconfidence

defined as (Optimal WTP − Actual WTP)/$25, where the Optimal WTP is defined conservatively

as the earnings-maximizing WTP ($25 − actual earnings without help). This gives us a measure

on [−1, 1] where 1 signifies that the person earned $0 without help but believes he earned the

maximum, and -1 signifies that the person earned $25 without help but believes he earned $0. The

mean overconfidence is 0.31, and 86% of subjects exhibit overconfidence. Thus overconfidence may

act as a significant damper on the market’s ability to correct EGB through professional advice.

Moreover as with Kruger and Dunning (1999), we find that less skilled individuals, those with
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lower α, tend to be more overconfident. This suggests a pathological selection in the marketplace,

whereby the people who need help the most have the lowest demand for it.

Given these findings, one may expect sub-optimally low demand for the spreadsheet as well.

We actually find the reverse. The spreadsheet had no measurable positive impact on subject

performance. Consequently, any positive WTP for the spreadsheet indicates a different type of

overconfidence: overconfidence in one’s ability to use the spreadsheet. The average WTP for the

spreadsheet is $4.59, indicating an average overconfidence in ability to use the spreadsheet of 0.165.

We find that 75% of subjects in the spreadsheet group have significant overconfidence in their ability

to use the spreadsheet. There are two implications from this finding. First, even with a sample

of students from an elite college who have access to a spreadsheet, EGB is severe. This is all the

more striking because a person who knows the proper formula could use the spreadsheet to get

perfect answers with relatively little time and effort. The second implication is that the availability

of tools that facilitate solutions but do not do so in a transparent way, may be worse than nothing.

The experiment shows that people are willing to pay for tools that do not in practice improve their

performance.

The next section presents the experimental design. Section 3 contains the results and Section

4 concludes.

2 Design

This study was conducted through the Center for Neuroeconomic Studies (CNS) at Claremont

Graduate University on a sample of Claremont Colleges students. Like all laboratory-based experi-

ments on university students, our results pertain to a potentially unrepresentative sample. Previous

research has demonstrated that EGB is widely prevalent in the general population (Stango and Zin-

man, 2009; Levy and Tasoff, 2015), but it is possible that students are more or less overconfident.

It was necessary to conduct the study under laboratory conditions rather than using a represen-

tative online panel, however, in order to exercise control over subjects’ problem-solving resources.

Subjects were not provided with any tools, and calculators/cell phones were expressly forbidden.

The experimenter routinely checked upon the students to ensure that no one violated the rules.
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To measure EGB, subjects answered questions that involved exponential growth, and to measure

overconfidence subjects stated their WTP for a spreadsheet and for the answer, which could be

purchased to improve responses. Overconfidence is measured by taking the difference between the

WTP and the true value of the resource. The experiment began with comprehensive instructions

and examples as well as a comprehension check that was necessary to correctly complete in order

to proceed. The appendix contains the instrument. Figures A1–A4 display the instructions.

Subjects faced a series of 32 questions relating the growth of two hypothetical assets. The first

asset’s value was occluded by computations that included exponential growth, and the second asset

always had a free variable X. The subjects’ task was to estimate or compute the X that would

make both assets equal after the specified number of periods. Subjects were paid based on the

accuracy of a randomly-selected question.

The 32 questions were divided across four domains, randomized first at the domain level and

then within-domain. A list of all 32 questions is given in Table A1. The domains comprised the

exponential, periodic savings domains, and fluctuating interest from Levy and Tasoff (2015), and

an additional front-end load domain. Questions took the form:

• Exponential: “Asset A has an initial value of $P , and grows at an interest rate of i% each

period. Asset B has an initial value equal to $X, and does not grow. What $X will make the

value of asset A and B equal at the end of T periods?”

• Periodic savings: “At the beginning of each period, Asset A receives a $c contribution. These

contributions earn i% interest every period, and Asset A includes both the contributions and

the interest earned at the end. Asset B returns a fixed amount of $X at the end. What value

of X will cause the two assets to be of equal value after T periods?

• Front-end load: “Asset A has an initial value of $PA, and grows at an interest rate of iA%

each period. Asset B has an initial value equal to $X, and grows at an interest rate of iB%

each period. What $X will make the value of asset A and B equal at the end of T periods?”

• Fluctuating interest: “Asset A has an initial value of $PA, and grows at an interest rate

of iA1% in odd periods (starting with the first), and at iA2% in even periods. Asset B has
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an initial value of $PB, and grows at X% per period. What value of X will cause the two

assets to be of equal value after 20 periods?” In questions 29–32 (see Table ??) Asset B also

experienced a fluctuating interest rate.

The variety of domains serves two purposes. First, it better captures the breadth of decisions

that involve exponential growth in naturalistic environments. Second, the variety of domains also

represents a range of more and less challenging questions. Whereas a spreadsheet may directly

give the solution to the exponential domain, a bit more thinking is necessary to use it to solve the

periodic-savings domain. This may make the value of the spreadsheet more noisy, just as it would

be in naturalistic environments.

Subjects were informed that one question would be chosen randomly by computer, and that

they would receive an incentive payment based on the accuracy of their response to that question

(in addition, subjects received a show-up fee of $5.00). The incentive payment used a quadratic

scoring rule in accuracy, bounded below by zero. That is, if a subject i responded rij to a question

on which the correct answer was cj , then their payment would be:

πij = max

25− 100 ·
(

1− rij
cj

)2

, 0

 (1)

Subjects were given examples of this payment rule in the instructions, and were provided with a

table of payments corresponding to different percentage errors alongside every question (see Figure

A2 for instance).

The experiment can be broken down into two phases. The design is presented in Figure 1.

The purpose of the first phase was twofold: (1) to elicit subjects’ WTP for the spreadsheet and

the answer, and (2) to get subjects’ initial estimates of the value of an asset. Subjects indi-

cated their WTP to receive the use of a spreadsheet and their WTP for the correct answer, on a

question-by-question basis. The elicitation procedure was based on the Becker-DeGroot-Marshack

mechanism to maintain incentive compatibility. There is every indication that subjects under-

stood the incentive-compatibility of the willingness-to-pay elicitation mechanism. The instructions

explicitly stated that the earnings-maximizing strategy was to enter the amount by which they
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expected having the correct answer would increase their earnings if the question were chosen, i.e.

$25 − E
(

100 ·
(
1− rij

cj

)2
)
, and were given examples of how under-bidding and over-bidding were

dominated strategies. Moreover, subjects were asked what bid would maximize their expected earn-

ings if they thought their answer with no help would earn $9.50. Only once they correctly answered

that a WTP of $15.50 would maximize expected earnings were they allowed to exit the instructions

and proceed to the experiment. We would expect that, if anything, this would anchor their stated

willingness-to-pay at $15.50 if subjects interpreted this example as containing information about

their expected performance (this would have biased behavior away from overconfidence).

Figure 1: Experiment Design

In the first phase subjects also gave an initial un-incentivized estimate of the value of the asset

(see Figure A6). These initial estimates are used later in our analysis to help measure treatment

effects (i.e. the impact of the spreadsheet on performance), with the caveat that subjects understood

these initial estimates would not count for payment.
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In the second phase subjects were randomized into one of four groups. Subjects in the control

group were given neither the spreadsheet nor the correct answer, regardless of their WTP. Subjects

in the spreadsheet group, were given the spreadsheet, regardless of their WTP. Subjects in the

answer group would receive the correct answer on some — though not all — questions, regardless

of their WTP. And subjects in the incentive-compatible group would purchase the spreadsheet

and the correct answer at a randomly-drawn price X if it were below their indicated WTP, and

would not receive the correct answer and would not pay anything if X were above their WTP.

The existence and randomization into these groups was clearly explained to subjects. The control

group allowed for measuring performance, without help, on a random sample (i.e. without selecting

those least willing to pay for help). The spreadsheet group served the same purpose, measuring

performance with a spreadsheet on a random sample. The answer group allowed confirmation that

subjects given the correct answer would actually use it. The incentive-compatible group enforced

incentive compatibility. Subjects were not told the distribution of treatments, or the distribution

from which X was drawn.

After subjects completed the willingness to pay elicitation task for all questions, the computer

randomized them first into the four treatment groups and then drew values of X for the BDM

randomizer from a uniform [0,25] distribution. There were 49 subjects who were assigned to the

control group, which received no help on any questions. We will focus on these subjects in most of

the analysis. These subjects then gave final (i.e. for-payment) answers to all 32 questions, again in

an order randomized first across and then within domains. Subjects in the other treatment groups

first gave final answers to questions for which they did not receive aid and then the questions for

which they did. The spreadsheet group had 38 subjects, and the answer group had 2 subjects. The

remaining 6 subjects were assigned to the incentive-compatible group.
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3 Results

3.1 Exponential-Growth Bias

We first confirm that subjects are systematically biased in the direction predicted by exponential-

growth bias. Figure 2 plots the distribution of log errors at the question×subject and subject level

for each of the 48 subjects’ responses to each of the 32 questions. We are left with 1481 subject-

question observations after dropping skips. In panel (a), where under-estimation is predicted by

EGB, the median at the question level (-0.34) and at the subject level (-0.42) are significantly

negative (p<0.01), and in panel (b) where over-estimation is predicted the median at the question

level (0.19) and subject level (0.25) are significantly positive p<0.01. The means are similarly

significant (p<0.01), confirming that subjects’ responses are systematically biased in the direction

predicted by the theory.

Figure 2: Mistakes
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(b) Over-Estimation
Notes: Underestimation on questions where EGB predicts a downward-biased answer (Panel a); overestimation on
those where an upward bias is predicted (Panel b). The distribution of errors in predicted asset growth should
be symmetric about zero if subjects’ errors on a percentage basis are symmetric about zero. The means of all
distributions are significantly different from zero at both the question and subject levels (p < 0.01)

We next use each subject’s combined responses to estimate an individual-level degree of EGB

corresponding to α in Levy and Tasoff (2015), where α = 0 constitutes the fully-biased type and
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α = 1 the fully rational type, and values of α ∈ (0, 1) constitute intermediate levels of bias.1 We

then compare the distribution of bias in our student sample to the general population in Figure

3. Subjects in the control group of our student sample had more accurate perceptions than the

population at large. The mean α for the students is 0.65 with a median of 0.71 compared to 0.60

and 0.53 for the representative sample. Only 16% of our student sample is fully biased, in contrast

to 33% in the representative sample. Overall, the students outperformed the representative sample

despite the fact that the representative sample was allowed to use tools and get help and the student

control-group sample was not.

Figure 3: CDF of Alpha
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Notes: Cumulative distribution of EGB (α = 0 is full-bias, α = 1 no-bias). Laboratory sample estimates subject-
level parameter for control subjects using all 32 questions. Representative sample is from Levy and Tasoff (2015)

3.2 Overconfidence in Exponential Estimation

This section seeks to establish that subjects overestimated both their accuracy and their precision.

We begin by demonstrating that subjects systematically stated a willingness to pay for the correct

answer that was below the ex post optimal level. We then show that the elicited WTP measures

are too low to be justified by the observed level of precision.
1An EGB agent of degree α mis-perceives the period-T value of $1 invested at t and growing according to a vector

of interest rates ~i as: p(i, t;α) =
∏T −1

s=t
(1 + αis) +

∑T −1
s=t

(1 − α)is
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3.2.1 Main Results

Table 1 shows subjects’ performance and demand for answers and the spreadsheet by treatment.

The first column includes all observations in the control condition, the second column includes all

observations in the spreadsheet condition in which a person received a spreadsheet (all observations

in the spreadsheet group), and the fourth column contains the observations in the answer group in

which a person received an answer (not all observations in the answer group). In our analysis we

drop one subject from the control group and two subjects from the spreadsheet group who gave

consistently low-quality responses.2

Table 1: Behavior by Treatment

Control Spreadsheet Answer
Mean Mean Difference Mean Difference
(1) (2) (3) (4) (5)

First-pass Hypothetical Earnings 7.886 6.860 -1.026∗ 9.776 1.890
(9.741) (9.393) [0.554] (10.13) [3.265]

Performance Earnings 11.33 11.47 0.140 24.57 13.24∗∗∗

(10.24) (10.68) [1.101] (1.213) [0.621]

Performance − First-pass Earnings 3.439 4.606 1.166 14.79 11.353∗∗∗

(12.93) (12.56) [0.939] (10.02) [3.342]

WTP Answer 5.699 5.451 -0.248 10.47 4.775∗

(4.511) (3.998) [0.762] (4.757) [2.777]

WTP Spreadsheet 4.517 4.587 0.070 6.469 1.952
(4.270) (4.067) [0.742] (3.238) [1.439]

N 1471 1144 2615 14 1485

Subjects 48 36 84 2 50
Notes: “First-Pass Hypothetical Earnings” is earnings if the first-pass answer counted for pay. “Difference” columns show
treatment group minus control group. “Spreadsheet” columns include all observations in the spreadsheet group in which
the subject got the spreadsheet. “Answer” columns include all observations in the answer group in which the subject
got the answer. Standard deviations in parentheses and robust standard errors clustered by subject in square brackets.
∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01

The first row shows what the earnings would have been if the (unincentivized) first-pass re-
2For example, one subject answered “250” on all 32 questions, while the other two gave answers orders of magnitude

larger than other subjects. Including these three subjects does not substantively change any of our results.
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sponses were used for payment. For these questions subjects in all groups faced identical tasks.

Thus one should expect that behavior here is the same across treatments. We use this as a mea-

sure of ability, though with the caveat that subjects knew their answers here would not count for

payment. Control hypothetical earnings on average would have been $7.89. The spreadsheet group

performed slightly worse with hypothetical earnings at $6.86 and the answer group did slightly

better at $9.78. To test the difference between the groups we run an OLS regression of the outcome

variable on a dummy for the two non-control groups clustering the standard errors by subject. We

cannot reject the null that the answer group and control group have the same hypothetical earnings.

The spreadsheet group does seem to do slightly worse by chance (p=0.07). The second row displays

performance earnings not including any loss from purchasing the answer or a spreadsheet. The con-

trol group earns $11.33. The spreadsheet group only earns $0.14 more and it is not significantly

different from the control earnings. This indicates that the spreadsheets had no significant impact

on performance. Even with only 2 subjects and 14 observations, the answer group’s near maximal

earnings of $24.57 is significantly greater than the control earnings (p<0.001). This shows that

the subjects understood the task well enough to exploit the provided answers, although apparently

not well enough to exclude some trembles (12 of the 14 observations achieved maximal earnings of

$25). The third row shows the difference between subjects’ earnings from their final answer (ignor-

ing any price paid for the spreadsheet or answer) and the earnings that would have resulted from

their first-pass answers. Subjects in both the control and spreadsheet groups significantly improved

their second, incentivized, responses relative to their initial responses. However, the third column

indicates that the extent of improvement was no greater for subjects who received spreadsheets

than those who did not. Unsurprisingly, receiving the correct answer led to significantly greater

improvement for subjects in the Answer condition.

The WTP for the correct answer was only $5.70 in the control and $5.45 in the spreadsheet

group, indicating overconfidence. The answer group has a WTP by chance that is somewhat

higher at $10.47 (p=0.10) but at the margin of conventional levels of significance. WTP for the

spreadsheet is $4.52 in the control group, indicating overconfidence in ability to use the spreadsheet

given that the actual value of the spreadsheet was not statistically different than zero. WTP for
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the spreadsheet in the other groups is not statistically different than the control group.

Next we calculate overconfidence in exponential estimation, for every question in the control

group, using the payment that a subject would have earned had that question been chosen for

implementation according to the quadratic payment rule given by (1). Subjects answering exactly

correctly would have an associated payment of $25, while responses more than 50% from the correct

answer would receive zero. The average associated payment across all 1481 subject-question pairs

was $11.28 (s.d. 10.25). If agents were risk-neutral over $25 stakes, then the optimal strategy

would be to state a willingness to pay for the correct answer of WTPij = $25 − E(pij). Any

concavity in utility would set this as a lower bound, as paying for the correct answer can be viewed

as providing insurance for the earnings. A simple test of whether subjects accurately predicted

their performance is to compare the actual willingness to pay against this bound. Subjects may

under- or over-pay on some questions, but by the law of large numbers the average willingness to

pay across all questions should converge to ($25− p̄) = $13.72. Instead, the mean willingness to

pay is significantly lower at $5.76 (p<0.01). That is, subjects on average expect their answers to

earn at least 40% more than they actually do.

Panel (a) of Figure 4 plots the distribution of overconfidence at the subject×question level.

The depicted variable is the difference between the ex-post ‘optimal’ WTP (i.e. $25 less the actual

associated payment) and the stated willingness to pay for the answer, normalized by $25. Thus a

value of 1 indicates that a subject would pay $0 for an answer to a question on which they would

have earned no payment, and a value of -1 indicates that a subject would pay $25 for an answer to

a question on which they would have earned the full payment. This variable should be distributed

about zero if subjects are risk-neutral, or some negative number if they are risk-averse. Instead,

the distribution has a positive mean (0.318), and is skewed highly positive.

The second panel of Figure 4 helps establish that this result is driven by a large fraction of

subjects being systematically overconfident across all questions. Panel (b) computes the mean of

the under-payment variable from panel (a) at the subject level, and plots the distribution of this

subject-level outcome. A subject who over-pays on some questions but under-pays on others would

of course converge towards zero as we average over a large number of questions. Instead we find
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that both the mean (0.31) and median (0.28) are significantly overconfident (p<0.01), with 86% of

subjects exhibiting positive overconfidence.

Figure 4: Overconfidence
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Notes: “Optimal WTP” is defined as $25 less a subject’s actual earnings on a question, and is therefore ex post
optimal. Panel (a) shows the distribution of under-payment, and the mass weighted by the squared error should be
equal on either side of 0 in the absence of systematic bias (or about some negative amount if subjects are risk-averse
over $25 stakes). Panel (b) computes mean under-payment at the subject level, and should converge to a point
mass at zero in the absence of systematic bias (or a mass at some negative amount if subjects are risk-averse).

Subjects were overconfident with their answers and they were also overconfident in their ability

to use a spreadsheet. Receiving the spreadsheet had no effect on their errors. Unlike the overconfi-

dence analysis, we cannot measure a within-subject overconfidence in spreadsheet ability.3 However

we can estimate a between-subject treatment effect of the spreadsheet on hypothetical earnings.

If the spreadsheet group had indeed paid their WTP for the spreadsheet, their earnings averaged

over all questions would have been $5.40 (p=0.003) less than the control group’s earnings.

In Table 2, we explore the predictors of overconfidence. In column (2), we see that subjects

who have taken advanced math courses and who personally owned stocks were significantly less

overconfident (the effect decomposes roughly half into higher payments and half into higher WTP).

We focus on columns (3) and (4), which examine the relationship between the severity of a subject’s

EGB and his level of overconfidence. It is a common finding in the overconfidence literature that the
3Subjects’ unincentivized estimates on all problems could be used to estimate within-subject treatment effects of

the spreadsheet. However, first-round performance appear substantially lower than final responses in both the control
and spreadsheet groups. Perhaps not so surprisingly, incentives matter.
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Table 2: Overconfidence

(1) (2) (3) (4)

Constant 0.319*** 0.452*** 0.435*** 0.576***
(0.034) (0.081) (0.054) (0.099)

Has Taken Adv. Math -0.196** -0.189**
(0.087) (0.079)

Owns Stocks -0.142* -0.125*
(0.073) (0.074)

No Credit Card Balances -0.092 -0.117
(0.080) (0.079)

Alpha -0.177*** -0.171***
(0.065) (0.058)

N 1,471 1,471 1,471 1,471
Subjectst 48 48 48 48

Notes: Dependent variable is question-level ex post overconfidence, defined as (25 − pij −WTPij)/25 . Standard errors
clustered by subject. ∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01

Figure 5: Subject-level Overconfidence as a Function of α
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most error-prone subjects are the most overconfident, and we find a similar pattern in our setting.4

We find that a fully-biased subject has a 13–14 percentage point greater level of overconfidence

than an unbiased subject.

Figure 5 displays this visually, plotting subject-level average overconfidence on α. There is a

clear pattern: more biased individuals are also more overconfident. This suggests a pathological

selection in the market, whereby the least competent avoid advice the most. This reduces the

incentives for market actors to correct the bias.

3.2.2 Unawareness vs. Overprecision

We next ask whether the overconfidence we observe comes only from the requirement that subjects

cannot be aware of their systematic bias, or whether they are also overconfident about the precision

of their errors even conditional on there being no systematic error. A subject who is not system-

atically biased in her responses, but nevertheless sometimes over- and sometimes under-estimates,

should have a positive willingness-to-pay for the correct answer. If subjects overestimate not only

their accuracy but also their precision (Moore and Healy, 2008), then this will further reduce their

already too-low WTP for aid.

We make the following parametric assumptions for this exercise. Suppose an agent believes that

his responses are noisy, so that rij = (b+ηij)·cj for some ηij drawn i.i.d. drawn from an exponential

distribution: Fη(y) = 1− e−λy. An agent believing himself to be unbiased must have expectations

E[rij ] = cj , and therefore E[b+ η] = 1. Given that E[η] = 1/λ for an exponential distribution, this

is equivalent to the restriction b = 1−1/λ. This rational expectations condition on b does not hold

for a biased agent. Given the multiplicative structure, however, we can estimate the λ parameter

from the variance of rij/cj without having to estimate b, since V ar[r/c] = V ar[η] = 1/λ2. The

mean value across all subjects for 1/λ is 1.07. We can then simulate the subject’s earnings under the

counter-factual restriction that ηij is still exponentially distributed according to λi, but imposing

the restriction that b = 1 − 1/λi to simulate an unbiased agent with the same noise as the biased
4This is not tautological, as it is possible that those making the largest errors are self-aware and could have a

higher WTP. Indeed, economists typically assume that those with the highest marginal utility from a good value it
most highly.
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agent.

We perform this simulation exercise separately for questions on which exponential-growth bias

predicts a positive and a negative bias. In both cases, the simulated responses are associated with

higher earnings than subjects’ actual answers: $13.87 (s.d. 0.23) and $14.23 (s.d. 0.38), respectively,

as compared to actual means of $10.93 and $12.28. Subjects who were aware of the noise in their

answers, but not the systematic bias, therefore ought to have a willingness to pay for the correct

answer of between $10.77 and $11.13 (or more if risk-averse). This is still significantly above

the observed willingness to pay of our subjects, which indicates that they must be overoptimistic

about the precision of their answers in addition to being unaware of their bias. Indeed, the low

willingness to pay is rationalized only if the variance of ηi is one-quarter of its true value, suggesting

that subjects greatly overestimated their precision in addition to their accuracy.

3.3 Overconfidence in Being Able to Use a Spreadsheet

Figure 6 displays the joint distribution of the WTP for the answer and the WTP for the spreadsheet.

As one can see, the WTP for the answer almost always weakly exceeds the WTP for the spreadsheet.

There is considerable mass where WTP for the two are equal, 46.7% in the control group and 44.4%

in the full sample. This implies that on close to half of questions, subjects believe that getting a

spreadsheet is just as good as getting the correct answer. This indicates large confidence in one’s

ability to use the spreadsheet effectively.

We next measure overconfidence in being able to use a spreadsheet. Unlike the general overcon-

fidence measure we found in the previous section, we do not have an obvious counterfactual. The

performance under the counterfactual that a subject receives the correct answer is approximately

the maximal possible earnings $25. Here we construct a counterfactual performance without the

spreadsheet, for the spreadsheet group. We predict performance on the question level using the

regression

PEij = β0 + β1FPHEij + β2FPHE
2
ij + δ · qj + eij . (2)

The outcome variable is the performance earnings (what the subject would have earned if the
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Figure 6: WTP for Excel vs WTP for Answer

question were selected to count) for individual i on question j. FPHEij is the first-pass hypothetical

earnings discussed above and FPHE2
ij is the square of this term. Question dummies are in the

vector qj , and eij is the error term. We estimate the coefficients using the control group sample.

The predictive model performs well, F(33, 48)=24.81, r2 = 0.240.

We then use this model to predict performance earnings for the spreadsheet group, under the

counterfactual that they did not get the spreadsheet. We define overconfidence in being able to

use the spreadsheet as (WTP − (performance earnings − predicted earnings))/$25. The difference

on the right is the predicted performance value of the spreadsheet and the WTP is a person’s

actual valuation. The total difference is thus a person’s overvaluation for the spreadsheet. We

normalize by dividing by $25. Thus if the person values the spreadsheet at $25 but the benefit was

0 then overconfidence is 1, and if the person values the spreadsheet at $0 but its benefit is $25 then

overconfidence is -1. If the spreadsheet hurts performance then values of overconfidence greater

than 1 are possible.

Overconfidence in exponential estimation conceptually differs from overconfidence in being able

to use the spreadsheet. The former measures the gap between the expected performance and
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actual performance, whereas the latter measures the gap between the expected value added of the

spreadsheet and the actual value added. A person who has α = 1 could not be overconfident

in exponential estimation, but would necessarily have overconfidence in being able to use the

spreadsheet if she had a strictly positive valuation for it.

Figure 7 panel (a) shows the distribution of overconfidence in being able to use a spreadsheet. It

restricts attention to the interval [-1,1].5 The mean spreadsheet overconfidence is 0.165 with 63.3%

of responses exhibiting overconfidence. This is significantly different from zero (clustered standard

errors, p=0.001). Panel (b) shows subject level overconfidence. The population is significantly

overconfident (clustered standard errors, p=0.001) with 75% exhibiting average overconfidence.

Figure 7: Overconfidence In Using the Spreadsheet
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Finally, we explore some of the correlates of overconfidence in being able to use the spreadsheet.

Table 3 includes the same regressions as Table 2 but with overconfidence in being able to use the

spreadsheet as the outcome variable. Column (1) shows the level. Column (2) shows that those

who have taken advanced math have substantially lower overconfidence. An F-test indicates that

the hypothesis that Constant + Has Taken Adv. Math = 0 cannot be rejected (p=0.890). Thus

those with better self-reported mathematical background are fully self-aware about their ability to
5This includes 97.4% of the sample. The other 2.6% have overconfidence greater than 1 implying that the

spreadsheet may have hurt their performance.
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Table 3: Overconfidence in Using the Spreadsheet

(1) (2) (3) (4) (5)

Constant 0.165*** 0.239** 0.286*** 0.302*** -0.096
(0.045) (0.108) (0.077) (0.101) (0.084)

Has Taken Adv. Math -0.226** -0.191* 0.207***
(0.101) (0.112) (0.059)

Owns Stocks 0.045 0.042 0.092
(0.103) (0.097) (0.062)

No Credit Card Balances 0.009 0.006 0.134**
(0.106) (0.100) (0.064)

Alpha -0.162 -0.099 0.159***
(0.120) (0.115) (0.054)

N 1,144 1,144 1,144 1,144 1,471
Subjectst 36 36 36 36 48

Notes: Dependent variable is question-level overconfidence in using a spreadsheet, defined as (WTP - Predicted Gain)/25 .
Standard errors clustered by subject. ∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01

use a spreadsheet.6 Column (3) shows overconfidence regressed on α. Overconfidence and α are

uncorrelated. Column (4) contains all the covariates, producing results that are consistent with

columns (2) and (3). In column (5) we measure overconfidence in a different manner. We estimate

equation (2) using the spreadsheet group, and then predict earnings for the control group under

the counterfactual that they received the spreadsheet. Overconfidence is measured as (WTP −

(predicted earnings−performance earnings))/$25. The average overconfidence using this measure

is 0.278 (standard errors, p=0.009). When we regress this measure on all the covariates the sign

on Has Taken Adv. Math and α is significant and reverses. No Credit Card Balances is now

significant and positive. The instability of these coefficients casts doubt on their validity. These

results collectively support the claim that overconfidence itself is robust, but the inconsistency of

the coefficients on the correlates does not support these findings.
6Amongst those who have taken advanced math, the average earnings are $13.31 in the control and $15.08 in the

spreadsheet group. The spreadsheet does seem to improve earnings in this subsample by $1.76 but it is not significant
(p=0.357) possibly due to a small sample. There are only 11 subjects in the control and 14 in the spreadsheet group.
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4 Discussion and Conclusion

A growing literature has shown that EGB is a prevalent phenomenon. This does not imply that

there is a market failure. Just as the inability to make finely crafted widgets does not preclude

one from obtaining them in a competitive marketplace, EGB should not preclude individuals from

obtaining the advice or tools to make good financial decisions. A second error is necessary for this

to happen. Agents who are overconfident in their exponential estimation will exhibit suboptimally

low demand for such advice and tools. Our laboratory sample exhibited high degrees of EGB and

overconfidence. While subjects believed that they earned at least $19.24 on average, they actually

only earned $11.28. Individuals with greater EGB exhibited greater overconfidence. This suggests

pathological selection in the marketplace. Those who would benefit the most from advice or tools

have lower demand for these things. Ironically, subjects exhibit too much demand for a spreadsheet

that does not help them. The average WTP for the spreadsheet in the full sample is $5.78 yet it

had no statistically significant impact on performance. The provision of costly tools that require

significant skill to use effectively could have easily made the vast majority of our subjects worse off.

A possible countervailing force against consumer overconfidence is firms’ profit motive. A

common argument against the persistence of biases in the marketplace is that firms will inform

consumers about their biases in order to sell them advice or financial tools. To the contrary, firms

may have incentives to keep consumers ignorant. For example Gabaix and Laibson (2006) show

that when there are “shrouded” add-on goods, firms will not de-bias consumers in equilibrium

because it would cause them to earn strictly lower profits. Similarly, Heidhues et al. (2014) show

that firms may deceive naive consumers about socially wasteful products in equilibrium. Thus if

people are overconfident in their exponential estimation, firms may have little incentive to de-bias

them.

Our results and those in the literature lead us to question whether ad hoc interventions can

ameliorate confusing choice architectures. We show that providing costly but perfect solutions will

not work because people have insufficient demand, and that providing costly tools that require skill

may make people worse off. Ambuehl, Bernheim and Lusardi (2014) further show that educational

interventions can change behavior but still fail to improve welfare. Perhaps a more promising
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approach to address EGB is to design choice architectures that make it irrelevant. Explicit state-

ments about the time it takes to pay off a loan, or the amount of retirement income generated from

savings as in Goda, Manchester and Sojourner (2014) are steps in this direction. Similarly, Royal

and Tasoff (2014) show that if tools are a complement with ability (tools are more valuable to high

ability people), not only will overconfident people exhibit overly high demand for the tools, but the

mere opportunity to obtain tools can induce more over-entry into skilled tasks thus making them

strictly worse off. In the context of EGB, spreadsheets and other financial software may induce

over-entry into tasks that require computation of exponential growth such as active trading and

speculative real-estate investment. However, this remains an open question.
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5 Appendix

Table A1: Experiment Questions
Domain Question Asset A: T Asset B: T Asset A: P0 Asset B: P0 Asset A: i Asset B: i

Exponential

1 10 10 100 X 10% 0%
2 20 20 200 X 5% 0%
3 10 10 90 X 25% 0%
4 35 35 30 X 7% 0%
5 30 30 120 X 4% 0%
6 10 10 500 X -8% 0%
7 20 20 1000 X -4% 0%
8 8 8 1000 X -15% 0%

Periodic Savings

9 30 30 +10/period X 5% 0%
10 30 30 +15/period X 2.5% 0%
11 20 20 +12/period X 10% 0%
12 20 20 +20/period X 5% 0%
13 15 15 +20/period X 6% 0%
14 20 20 +20/period X 6% 0%
15 25 25 +4/period X 5% 0%
16 50 50 +6/period X 5% 0%

Front-end Load

17 25 25 100 X 5% 8%
18 25 25 100 X 5% 10%
19 20 20 100 X 10% 13%
20 10 10 200 X 10% 20%
21 25 25 40 X 8% 5%
22 25 25 100 X 8% 5%
23 20 20 50 X 13% 10%
24 30 30 100 X 5% 4%

Fluctuating i

25 10 10 100 100 40% in odd; 0% in even X%
26 14 14 50 50 30% in odd; 0% in even X%
27 10 10 100 100 50% in odd; 0% in even X%
28 6 6 50 50 100% in odd; 0% in even X%
29 20 20 100 100 10% -20% in odd; X% in even
30 6 6 300 100 0% -40% in odd; X% in even
31 30 30 30 30 10% -10% in odd; X% in even
32 20 20 20 20 20% -20% in odd; X% in even
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Figure A1: Payment Instructions

Logged in as PGw689z.

Logout

This portion of the experiment is divided into 32 independent questions. Each question will
describe one or more financial asset, and ask you about their value over time.

The values of the assets will be calculated according to the description in the questions. Your
payment will be dependent on the accuracy of your response according to the quadratic equation,
payment= , where  is your response and  is the correct value. All negative
payments will be treated as zero.

Your payment is maximized when your response equals the correct value, . Below is a graph
that explains your payments as a function of accuracy.

This formula gives the exact way we will calculate your earnings, but it may be useful to think
about a few examples. For your reference:

If your answer is this far from the correct value, then you will earn:
0% $25.00
5% $24.75

10% $24.00
15% $22.75
20% $21.00
25% $18.75
30% $16.00
35% $12.75

25 − 100(1 − r
v )2 r v

r = v
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Figure A2: Payment Instructions, continued

Logged in as PGw689z.

Logout

This formula gives the exact way we will calculate your earnings, but it may be useful to think about a
few examples. For your reference:

If your answer is this far from the correct value, then you will earn:
0% $25.00
5% $24.75

10% $24.00
15% $22.75
20% $21.00
25% $18.75
30% $16.00
35% $12.75
40% $9.00
45% $4.75

50% or more $0.00

Example 1:

Asset A is worth . Asset B is worth $X. What value of X makes Asset A and Asset B
worth the same amount?

The true value of this Asset A is $410.

Suppose Leia states that X is $410. Then Leia will earn $25 if this question is selected.
However, Chewy states that X is $390. Then Chewy will earn 

 if this question is selected.
If Chewy had stated it is worth $300 he would have only earned 

.
If Chewy had stated that it is $700 then he would have earned $0 because 

.

In this example, how much would an answer of $800 have earned?

Continue

$100 + 330 − 20

25 − 100(1 − = $24.76390
410 )2

25 − 100(1 − = $17.80300
410 )2

25 − 100(1 − < 0700
410 )2
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Figure A3: Treatment Instructions

Logged in as PGw689z.

Logout

First Phase

There are two phases in the experiment. In the first phase you will face a series of questions about
the values or interest rates of assets. For each question you will be asked for three responses: your
initial estimate, and the maximum you are willing to pay for each of two services that may be
available in the second phase. In the second phase you will answer all the questions a second time
but possibly with the assistance of one of the aforementioned services.

The first service is a spreadsheet capable of basic arithmetic, exponentiation, and summation. The
second service will provide you with the correct answer directly. Both of these services may help
you in calculating the value of the asset for questions in the second phase, thereby increasing your
expected earnings.

You will be asked to state the maximum you are willing to pay (cutoff) for each of these two
services on every question. On any given question in the second phase, you may ultimately receive
either the spreadsheet or the correct answer, or neither, but never both.

After you provide an answer, and state your cutoffs for each service on each question, you will
begin the second phase.

Second Phase

In the second phase you will answer the exact same questions a second time possibly with the help
of a service. You will be randomly assigned to one of three possible tracks which determine the
service you receive and how you receive it.

Track A: Whether you receive one of these services and how much you pay for it is
determined in the following manner. For a given question, we will first randomly determine
which service is available. We will then randomly determine a price p for that service that is
independent of your stated cutoff. In other words, your stated cutoff will have no effect on
the random price. However, it will determine whether you purchase the service or not. If p is
equal to or above your stated cutoff (p ≥ cutoff) then you will not get the service. If p is less
than your stated cutoff (p < cutoff) then you will get the service for that question. At the end
of the experiment, you will pay $p (subtracted from your final earnings although you will
always earn at least $5 for participation) if and only if that particular question is selected for
payment. This procedure is then repeated to determine which service you get for every
question.

To maximize your expected earnings you should estimate how much each service would
improve your earnings and then state that as your cutoff. If the price p is then less than
your estimate, you will get the service and will expect to earn more money in total by buying
the service. If the price p is greater than your estimate, you will not buy the service which is
a good thing because you believe the service would cost more than it earns you (meaning
your total earnings would be lower if you had bought it).

Track B: you will receive one of the two services for free on all questions.

Track C: you will not receive any of the services nor will you pay for them.

Logged in as PGw689z.

Logout

Second Phase

In the second phase you will answer the exact same questions a second time possibly with the help

of a service. You will be randomly assigned to one of three possible tracks which determine the

service you receive and how you receive it.

Track A: Whether you receive one of these services and how much you pay for it is

determined in the following manner. For a given question, we will first randomly determine

which service is available. We will then randomly determine a price p for that service that is

independent of your stated cutoff. In other words, your stated cutoff will have no effect on

the random price. However, it will determine whether you purchase the service or not. If p is

equal to or above your stated cutoff (p ≥ cutoff) then you will not get the service. If p is less

than your stated cutoff (p < cutoff) then you will get the service for that question. At the end

of the experiment, you will pay $p (subtracted from your final earnings although you will

always earn at least $5 for participation) if and only if that particular question is selected for

payment. This procedure is then repeated to determine which service you get for every

question.

To maximize your expected earnings you should estimate how much each service would
improve your earnings and then state that as your cutoff. If the price p is then less than

your estimate, you will get the service and will expect to earn more money in total by buying

the service. If the price p is greater than your estimate, you will not buy the service which is

a good thing because you believe the service would cost more than it earns you (meaning

your total earnings would be lower if you had bought it).

Track B: you will receive one of the two services for free on all questions.

Track C: you will not receive any of the services nor will you pay for them.

You will then proceed to answer the questions a second time with the services that have been

granted to you.

Back  Continue
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Figure A4: WTP Examples

Logged in as PGw689z.

Logout

Example 2:

In the first phase, Hikaru states his cutoffs for question J as $0.32 for the spreadsheet and

$0.74 for the correct answer. In the second phase, Hikaru is assigned to Track B and he gets

the use of a spreadsheet for all of his questions for free. Question J is randomly selected for

payment.

Suppose Hikaru's answer is 40% higher than the correct answer. Then his earnings

are .

In the first phase, Pavel states his cutoffs for question J as $15.56 for the spreadsheet and

$15.56 for the correct answer. In the second phase, Pavel is assigned to Track C and he does

not get either service for any of his questions. Question J is randomly selected for payment.

Suppose Pavel's answer is 6% higher than the correct answer. Then his earnings are

.

Notice that, for both Hikaru and Pavel, their cutoffs had no effect on their earnings because they

are in Tracks B and C. Thus they have no incentive to lie about their true maximum willingness to

pay for these services.

Back  Continue

Logged in as PGw689z.

Logout

Example 3:

In the first phase, Montgomery states his cutoffs for question J as $6.17 for the spreadsheet
and $8.94 for the correct answer. Montgomery is assigned to Track A in the second phase. It
is determined that the spreadsheet is available. The random price for the spreadsheet comes
out to be $15.03. 

Since this is above $6.17, Montgomery does not get the spreadsheet for question J
nor does he pay anything for it. 

Question J is randomly selected for payment. Suppose Montgomery’s answer is 35%
lower than the correct answer. Then his earnings are 

Now suppose Christine states her cutoffs for question J as $7.73 for the spreadsheet and
$9.00 for the correct answer. Christine is assigned to Track C in the second phase. It is
determined that the correct answer is available. The random price for the answer comes out
to be $0.62. 

Since this is below $9.00, Christine receives the correct answer for question J. 

Question J is randomly selected for payment and thus she is charged $0.62 for the
answer service. Since Christine's answer is exactly correct, her earnings are 25-
0.62=$24.38.

Notice that you are best off truthfully stating the cutoff that makes you indifferent to receiving the
service. There is no advantage to strategic behavior because your cutoff has no effect on the price.
Example 4 illustrates this point.

Back  Continue
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Figure A5: More WTP Examples

Logged in as PGw689z.

Logout

Example 4:

Dianna reads question J and believes that she will lose about $10 from having the wrong answer.
Thus she values the correct-answer service at $10 and is willing to pay $10 for it.

Suppose she honestly states her cutoff. If the price p is below $10 then she will get the
service and pay $p, earning 25-p>15. If the price p is above $10 then she does not purchase
it and earns $15. 

Suppose that she lies about her true cutoff and states that it is y>$10. If the price of the
service is below $10, then she purchases it and earns the same amount as if she had stated
her real cutoff. If the price is above $10 but below y, however, she will end up buying the
service and earning 25-y < $15. In this case, she could have earned more by stating her real
cutoff and not paying too much for the service.

Finally, suppose she lies about her cutoff and says that it is z<$10. If the price for the service
is above $z but below $10, she does not purchase it even though it could have increased her
expected earnings.

Suppose you thought that you would make $15.50 more from having access to the spreadsheet
service. What cutoff would maximize your expected earnings? 

Back  Continue
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Figure A6: WTP Elicitation

Logged in as PGw689z.

Logout

Asset A
has an initial value of $90 and grows
at an interest rate of 25% each period

Asset B
has an initial value of $X, and does

not grow

What number X equalizes the value of:

The value of the assets should be
equal after: 10  periods.

Give your initial estimate of X: 

In the second part of this study, you may have the opportunity to purchase tools which can
help improve your answer, and therefore your payoff. The availabilty of these tools is random, and
at most one will be available to you.

Please indicate the maximum you would spend to buy assistance for this question: if the
randomly-determined price p is below your cutoff, you will pay p from your earnings and receive
the assistance.

I will pay no more for a spreadsheet than: 

I will pay no more for the correct answer than: 

Next

Remember, if this question is selected for payment then your earnings will be given by the
formula , where  is your response and  is the correct value of X. If you are
given the chance to purchase one of the tools, then we will subtract the price of that tool from this
amount. All negative payments will be treated as zero. For your reference:

If your answer is this far from the correct value v: Then you will earn:
0% $25.00
5% $24.75

10% $24.00
15% $22.75
20% $21.00
25% $18.75
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Figure A7: Control Group

Logged in as PGw689z.

Logout

Asset A
has an initial value of $90 and grows
at an interest rate of 25% each period

Asset B
has an initial value of $X, and does

not grow

What number X equalizes the value of:

The value of the assets should be
equal after: 10  periods.

Please indicate the value of X which equalizes the assets after the indicated number of periods: 

Note:Your answer to this question may be randomly drawn for payment based on its accuracy.

Next
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Figure A8: Spreadsheet Treatment

Logged in as PGw689z.

Logout

Asset A
has an initial value of $90 and grows
at an interest rate of 25% each period

Asset B
has an initial value of $X, and does

not grow

What number X equalizes the value of:

The value of the assets should be
equal after: 10  periods.

Please indicate the value of X which equalizes the assets after the indicated number of periods: 

Note:Your answer to this question may be randomly drawn for payment based on its accuracy.

Open spreadsheet  Next
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Figure A9: Answer Treatment

Logged in as PGw689z.

Logout

Asset A
has an initial value of $90 and grows
at an interest rate of 25% each period

Asset B
has an initial value of $X, and does

not grow

What number X equalizes the value of:

The value of the assets should be
equal after: 10  periods.

Please indicate the value of X which equalizes the assets after the indicated number of periods: 

Note:Your answer to this question may be randomly drawn for payment based on its accuracy.

The answer is 838.19.

Next
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