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Abstract

We report on a series of economic decision-making experiments exploring how indi-
viduals make lifecycle consumption plans when they face various different deterministic
endowment profiles over their lifetimes. In some treatments, subjects face a decline in
their endowment income during a retirement phase while in other treatments endow-
ment income is constant over all periods of life or subjects receive a single lump sum
endowment only at the first period of their life. In all treatments, the present value
of lifetime income is the same and so is the optimal consumption path. We find that,
regardless of the endowment profile, subjects generally over-consume relative to the
optimum in the early periods of life. Consequently, they accumulate too little wealth
and so they under-consume relative to the optimum in later periods of life. We also
find that consumption is excessively sensitive to endowment income and that there
is a drop in consumption during the retirement phase of life regardless of whether or
not there is a decline in the endowment received during those periods. Our lifecycle
consumption findings thus mimic those found in studies using field data and so we
argue that the laboratory provides an empirically relevant and controlled environment
in which to study lifecycle consumption plans and retirement savings behavior and
to assess the role of policy interventions. Finally, we develop a behavioral model of
consumption behavior that is a hybrid of the Keynesian current-income approach and
the forward-looking permanent income approach. We show that our hybrid behavioral
model is able to explain several puzzling consumption/saving patterns found in the
experiment.
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1 Introduction

Saving for retirement is one of the most important economic decisions that households face.

Yet the available evidence suggests that households have performed poorly in preparing for

this important task. Rhee (2013) estimates that 45 percent of working age (25-64) U.S.

households do not own any retirement account assets, whether in an employer-sponsored

401(k) plan or an IRA. Among the 55 percent of working-age households with retirement

assets, the median retirement account balance (excluding pension obligations) for all ages

25-64 in 2010 was $40,000; and the median balance for those near retirement (age 55-64)

was $100,000. These numbers suggest a substantial shortfall in retirement savings amounts

relative to what most U.S. households will need to finance the average retirement period

of 18 years. Indeed, the National Retirement Risk Index shows that, in 2013, 52 percent

of households were at risk for not saving enough to maintain their living standards after

retirement (Center for Retirement Research at Boston College).1

What are the causes of this retirement savings shortfall and what policies might counter-

act the under-saving phenomenon? In this paper we provide some answers to these questions

by using a novel methodology - laboratory experiments with paid human subjects. Our aim

is to first understand how individuals make consumption and savings decisions over a life-

cycle. We study environments where subjects are induced to hold concave preferences over

consumption in each of the 25 periods of the lifetimes so that lifecycle consumption smooth-

ing is desirable as in the permanent-income approach. Within this environment, we consider

how subjects make consumption and savings decisions facing several different lifecycle pro-

files for their income. These lifecycle income processes are know with certainty, and some of

them involve explicit drops in income to mimic a retirement phase of life. To allow subjects

1The pattern of under-saving is confirmed by the economic literature. For instance, Mitchell and Moore
(1998); Scholz et al. (2006); Love et al. (2008); Hurd and Rohwedder (2008); Poterba et al. (2011); Rhee
(2013), argue that a substantial number of US households do not save enough for retirement, which indicates
that these people have consumed too much during their working periods.
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to learn, we have them participate in two 25-period lifetimes (sequences) under the same

lifecycle income process.

Our assumption that the lifecycle income process is deterministic and known in advance is

clearly an idealized, best-case-scenario, but it provides us with an important benchmark for

more rigorous analysis; if subjects are unable to intertemporally smooth their consumption

and save for retirement in this very simple environment, then such difficulties are likely

to be further compounded in settings with uncertain and highly variable income processes.

A further rationale for studying the model with a deterministic income process is that is

possible to analytically solve for the optimal consumption path, given the induced concave

utility function.2

Our aim in designing these experiments and analyzing the results is to first understand

the extent to which theories of optimal intertemporal decision-making are relevant to our

subject’s decision-making. To preview our results, we find that subjects exhibit large and

economically significant departures from the optimal path. In particular, they display excess

sensitivity to current income and they over-consume in the early periods of life (relative to

the optimal path), leading to lower wealth accumulation. Consequently, they under-consume

in later periods of life. Our second aim is to propose and empirically validate an alternative

behavioral model of consumption that can better explain subjects’ behavior in this standard

lifecycle framework. The development of such an alternative, behavioral model of lifecycle

consumption behavior is a necessary first step for evaluating the role of various policy changes

on consumption behavior.

Regarding possible policy interventions, we are particularly interested in how variations

in the replacement rate of working year income during the retirement phase of life can aid or

hinder our subjects’ ability to accumulate enough wealth upon retirement thereby enabling

2As Carroll (2001) notes “when there is uncertainty about the future level of labor income, it appears
to be impossible under plausible assumptions about the utility function to derive an explicit solution for
consumption as a direct (analytical) function of the model’s parameters.” To better evaluate our subjects’
performance we wish to study environments where the solution to the planning problem can be computed.
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them to better smooth consumption over their lifetimes. Variations in the retirement in-

come replacement rate comprise one of the main treatment variables of our experiment, and

these variations can help us to better understand whether and how changes in government

social security policies can affect the retirement planning choices of households. Such exper-

iments are difficult to conduct in the field and indeed, our ability to explore the effects of

different income processes and retirement replacement policies is the main advantage of our

experimental approach.

This paper complements three strands of existing research. The first strand uses labora-

tory experiments to study consumption and saving decisions (Johnson et al., 1987; Fehr and

Zych, 1998, 2008; Ballinger et al., 2003; Carbone and Hey, 2004; Carbone, 2006; Brown et al.,

2009; Ballinger et al., 2011; Feltovich and Ejebu, 2013; Carbone and Duffy, 2014; Meissner,

2014; Meissner and Rostam-Afschar, 2014; Koehler et al., 2015). Many of these papers make

use of more complicated lifecycle income processes, with no explicit retirement phase of lower

income toward the end of life. Koehler et al. (2015) is the only study that includes a retire-

ment phase, but they do not use an induced utility function. In such cases, it is not possible

to easily determine an optimal consumption path in order to evaluate subject behavior. We

contribute to this literature by studying settings where there is a drop-off in income in the

retirement phase of life and where there always exists an optimal path. The second strand

of the literature uses survey or field experiment methods to evaluate the efficacy of various

interventions to aid in retirement planning (Brown et al., 2011, 2013; Liebman et al., 2015).

Our research complements these studies by focusing on lifecycle consumption and saving

decisions. The final strand of the literature documents that many US households do not

save enough for retirement (Mitchell and Moore, 1998; Scholz et al., 2006; Love et al., 2008;

Hurd and Rohwedder, 2008; Hastings and Mitchell, 2011; Poterba et al., 2011; Beshears et

al., 2012; Rhee, 2013). The results of this paper provide some behavioral explanations for

the lack of sufficient retirment savings.
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The reminder of the paper proceeds as follows. Section 2 describes the theoretical frame-

work that motivates the design of our experiment; Section 3 explains the experimental envi-

ronment and model parameters; Section 4 provides our main research questions and Section 5

addresses these questions by reporting our main experimental findings; Section 6 proposes a

behavioral model of lifecycle consumption that can explain the puzzling consumption/saving

patterns found in the data; Section 7 estimates and evaluates this behavior model; Finally,

section 8 provides a summary and conclusions.

2 Theoretical Framework

Our theoretical framework is the standard, intertemporal model of lifecycle consumption and

savings choices originating in the work of Modigliani and Brumberg (1954) and Friedman

(1957). We adopt this framework as it remains the workhorse approach to the modeling of

household consumption and savings behavior in the macroeconomic and finance literatures,

and we wish to present our results using a framework that is familiar to this audience,

as we hope to move the discussion of lifecycle planning in a direction that takes greater

account of departures from the rational choice ideal. We further restrict attention to the

case of complete markets and no uncertainty as we wish to make the environment as simple

as possible for our human subjects. As noted in the introduction, the world is far more

complex—income is uncertain and markets are incomplete—but we wish to start with the

simplest framework possible; if subjects are not able to optimally save for retirement in this

simple setting, then it is unlikely that they will do better in a more complicated setting.

The theoretical framework can be described as follows. Each household i makes con-

sumption and savings decisions in each of periods p = 1,2,..P , where P is perfectly known.

Household i’s endowment process over the lifecycle is also perfectly known, and denoted by
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{eip}Pp=1. Household i’s objective is to:

max
{cip,ai(p+1)}Pp=1

P∑
p=1

u(cip)

subject to

cip +
ai(p+1)

1 + r
= eip + aip, ∀p

ai(p+1) ≥ 0 ∀p, and ai1 = 0.

Here, cip denotes household i’s period p consumption, ai(p+1) denotes household i’s initial

assets for period p + 1, and r > 0 is an exogenous fixed and known rate of interest; again,

with the aim of simplicity, we are thus considering a partial equilibrium environment. We

also impose a no-borrowing constraint, which should not be binding given a positive r and

the specified utility function; again the rationale is simplicity, though we recognize that

borrowing constraints can be empirically important in lifecycle consumption and savings

decisions.3 Notice further that we are ignoring any time discounting (i.e., we are setting

the discount factor, β = 1) as our experiment will be conducted over several hours in a

laboratory setting. The utility function u(·) is assumed to be increasing and concave, and

represents the payoff function by which subject’s period by period consumption choices earn

them monetary payments. Compared with an alternative setting without induced utility,

the introduction of u(·) yields a unique, optimal consumption path against which we can

compare the behavior of our subjects.4 We adopt a concave utility function specification

as this implies that intertemporal smoothing of consumption is desirable (as in the lifecycle

3Allowing borrowing, we would have to specify borrowing constraints, which would further complicate
the model. The optimal path for the model that we do implement does not require any borrowing.

4It would, of course, be interesting to study how individuals make consumption and savings decision over
their lifetimes given their own, “homegrown” preferences, but it might be difficult to determine the nature
of those preferences and thus the optimal consumption path, hence our decision to induce preferences.
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theory).

Given the concavity of the utility function and given a lifetime endowment sequence,

{eip}Pp=1, it is straightforward to calculate, by working backwards, the solution to the max-

imization problem state above, which we refer to as the unconditional optimal path and

denote by {c∗∗ip , a∗∗i(p+1)}Pp=1. Recognizing that subjects may make decision errors over their

lifetimes, we will also consider their behavior relative to the conditionally optimal consump-

tion path, which we denote by {c∗ip}Pp=1. Formally, c∗ip involves re-optimization at each new

period of the lifecycle, based on current asset holdings, and is the solution to:

max
cip

P∑
j=p

u(cij)

subject to

cij +
ai(j+1)

1 + r
= eij + aij, ∀j ≥ p

ai(j+1) ≥ 0, ∀j ≥ p and aip is given

3 Experimental Design

In our experiment, we set P = 25 and u(c) = 0.2 ln(0.01c + 1). Assuming that each period

in the model represents 2.3 years, setting P = 25 periods corresponds to an economy where

people begin life at age 23 and exit at age 79. More precisely, the first 17 periods correspond

to ages 23-60 and represent the period of the lifecycle in which people work and receive

(after-tax) earnings; the last 8 periods correspond to ages 61-79 and represent the period

when people are retired and receive benefit income or consume out of their accumulated asset

position. We induce a log utility function over consumption because the implied coefficient

of relative risk aversion of 1 finds support in the empirical literature (Chetty, 2006). The
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interest rate, r, was set at 10 percent per model period and remained constant across all of

our treatments; this choice implies an average annual real return of 4.5 percent on long term

investments (Munnell et al., 2013).

We consider four different lifetime sequences for endowments, which comprise our four

main experimental treatments. All four endowment processes have the same present value,

that is, for any two treatments i 6= j, it was always the case that:

P∑
p=1

eip
(1 + r)p

=
P∑

p=1

ejp
(1 + r)p

.

Our four treatments differ according to the distribution of endowments over the lifecycle,

or, equivalently, the social security tax and benefit scheme. For instance, the endowment

flow in treatment one (T1) is at a constant 500 “tokens” for the first 17 (work) periods,

but in the last 8 (retirement) periods, this endowment amount drops to 200 tokens, which

replaces 40 percent of the average endowment received during working periods. We chose a

40 percent replacement rate because this represents the replacement rate of social security

benefits for a worker who earns the median U.S. income (Feldstein, 2005). Treatment two

(T2) is designed to represent an economy without a social security system in which subjects

receive a higher endowment than in T1 of 526 tokens during the first 17 working periods

(as they pay no tax) but they receive a zero endowment in each of the final 8 periods of

retirement. Hence, subjects in T2 must more actively save during their working years in

order to have any consumption in the retirement phase of their lives. Treatment three (T3)

is an extreme case where subjects receive a single lump-sum endowment of 4,644 tokens in

the very first period of their lives and 0 in each of the remaining 24 periods, while treatment

four (T4) represents the opposite extreme case where subjects receive a constant endowment

of 465 tokens in each of the 25 periods of their lifetimes, which is lower than the endowment

received during the working periods of T1 and T2. Treatment T4 can be viewed as a social
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security system that uses a greater payroll tax to fund a more generous retirement plan,

which replaces 100 percent of pre-retirement after-tax earnings. Figure B.1 in Appendix B

provides a visual illustration for these four endowment processes.

Each period, subjects are asked to decide how many tokens they wish to convert into

money using the rate implied by the utility function. The remaining amount of tokens will

be automatically saved for the future and earns the fixed interest rate of 10% per period.

Following the completion of the final, 25th period, any tokens that were not converted into

money were lost (had zero redemption value) and this fact was made known to subjects.

This payment structure implies that maximization of monetary payoff in the experiment is

equivalent to maximization of lifetime utility in the theoretical model. A sample screenshot

for the decision process as well as the instructions distributed to subjects at the beginning

of the experiment are provided in Appendix A.

In each session, subjects were first assigned to one endowment treatment condition for

two, 25-period sequences (lifetimes), and then they are assigned to a second endowment

treatment for an additional two, 25-period sequences. We repeated each endowment con-

dition twice to allow for some learning by subjects. We chose to implement four different

treatment orders: T1-T2, T2-T1, T3-T4, and T4-T3. Thus subjects who participated for

example in the treatment order T1-T2 played two, 25-period sequences under the endow-

ment profile of treatment 1 and then played 2 additional 25-period sequences under the

endowment profile 2. In all cases, subjects were instructed in the endowment profile of the

first treatment, and following completion of the two lifecycle sequences under that profile,

they were instructed about the endowment profile of the second treatment. Subjects’ ac-

tual monetary payoff was the sum of their experimental lifetime utility from two, randomly

selected sequences (lifetimes), one separately from each of the two treatments of a session,

plus a show-up payment. Subjects were paid in cash at the end of a session with the average

payment being around $25 per subject.
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Figure 1: Optimal decisions implied by rational choice theory

Given the model parameters, Figure 1 plots the optimal lifecycle consumption and asset

profiles for each treatment. Note that the no borrowing constraint is never binding if subjects

behave rationally. As shown in Figure 1(a), the optimal consumption path is upward sloping

and is the same across all four treatments. However, since the distribution of endowments

differs by treatment, the optimal asset path varies across the four treatments. In particular,

to offset for the sharp drop-off in endowments in later periods of life, subjects need to save

more in treatments T3 and T2, as compared with treatments T4 and T1.

4 Questions

Our experiment is designed to answer three main questions:

1. Do subjects depart from the unconditional optimal path? If so, is the departure due

to random errors made in the early periods of life, specifically, do decisions, on av-

erage, depart from the conditionally optimal level which takes into account both the

distribution of past errors and the dispersion of current errors?
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2. Does consumption respond to current endowments (income), and does the respon-

siveness vary with respect to the treatment specific distribution of those endowments

across periods?

3. Does reaching the period of retirement (period 18) play any special role in changing the

deviation of consumption from the conditionally optimal level? If so, does the effect

differ across treatments?

In the next section we report on our experimental findings with the aim of addressing these

questions.

5 Findings

The experimental subjects were all undergraduates at the University of California, Irvine

who had no prior experience participating in any of our experimental treatments. The raw

data is composed of 28, 32, 30, and 29 subjects for each of treatment orders T1-T2, T2-T1,

T3-T4, and T4-T3, respectively. In the analysis that follows, we have dropped 9 subjects

whose payments in any sequence were 2.5 standard deviations below the sequence mean.

Such extremely low payment levels suggest that these subjects did not properly understand

the decision problem they faced despite our best efforts to instruct them. For instance,

these 9 subjects on average saved 3,133 tokens in the final 25the period, which had zero

value to them as explained clearly in the experimental instructions and tested explicitly in

a quiz prior to the start of decision-making. Our main results presented in this section are

robust to the inclusion of these 9 subjects, but including these subjects leads to a large

bias in the parameter estimates of our proposed behavioral model. As we did not design

the model to capture the decisions of those who do not understand the consumption/saving

task, to be consistent, we exclude these 9 subjects throughout our analysis. Table 1 reports
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characteristics of the remaining sample. A more detailed tabulation by sequence and by

treatment are relegated to Table B.1 in Appendix B.

Table 1: Characteristics of Experimental Sessions
Treatment Endowments No. Obs. Avg. Earnings

T1 500 for t = 1, 2, · · · , 17 116 $8.53
200 for t = 18, 19, · · · , 25.

T2 526 for t = 1, 2, · · · , 17, 116 $8.64
0 for t = 18, 19, · · · , 25.

T3 4, 644 for t = 1, 104 $8.51
0 for t = 2, 3, · · · , 25.

T4 465 for t = 1, 2, · · · , 25. 104 $8.89

Notes: The unit of observation is one-subject-one-25-period sequence. The earnings from adopting the
optimal consumption path in a sequence is $9.78. Recall that subjects were paid for two randomly chosen
sequences plus a show-up payment.

We have analyzed our experimental data with the aim of addressing each of our three

main questions. We summarize our analysis as a number of different findings.

Finding 1 Subjects depart from both the optimal path and the conditionally optimal path.

In particular, they over-consume when young and they under-consume when old.

Figure 2 presents the average deviation from the optimal path and its 95% confidence in-

terval.5 This figure clearly indicates that decisions observed in the experiment depart from

optimal decisions implied by rational choice theory. Subjects consume more than the optimal

level in early periods, and hence, relative to that optimal level, subjects accumulate fewer

assets and can afford less consumption in the later periods of their lives. To further illustrate

the magnitude of deviations from the optimal paths, Figure 3 plots the percentage deviations

of consumption and assets relative to the optimal path. As shown in Figure 3(a), in the first

three periods, consumption in our experiment is around 100 percent greater than that pre-

dicted by rational choice theory. Over time, the percentage difference becomes smaller and

5The average is calculated for each period based on observations from all treatments and all sequences.
Figure B.2 in Appendix B provides additional information about deviations for each sequence and treatment.
The patterns presented here hold for every sequence and treatment.
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negative and reaches its lowest level beginning around period 18 (the retirement period).

As shown in Figure 3(b), due to over-consumption in the early periods, the observed assets

are more than 40 percent lower than that predicted by rational choice theory from periods

7 through 22. Due to under-consumption in the later periods, the asset deviation becomes

smaller in the very last three periods, but it is still below zero through the end of a 25-period

sequence.
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Figure 2: Average deviation from the optimal path

One concern of studying deviations from the optimal path is that errors made in one

period not only affect that period’s deviation but also have a permanent effect on all future

deviations, even if subjects behave optimally from that period onwards. To address this

concern, Figure 4(a) plots the average consumption deviation from the conditionally optimal

path, which eliminates the effect of past decision errors on current deviations. Notice that

since the deviation in consumption exactly mirrors the deviation in assets when evaluated

both relatively to the conditionally optimal level, there is no need to present a separate

figure for the asset profile. It transpires that the pattern for consumption deviations found in

Figure 2(a) is preserved in Figure 4(a): relative to the conditionally optimal path, subjects
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Figure 3: Average percent deviation from optimal path

continue to over-consume in early periods and under-consume in later periods. The only

difference is that compared with Figure 2(a), in Figure 4(a), the deviation from the optimal

path remains positive for a longer period of time, and only after period 18 do subjects begin

to consume less than the conditionally optimal level. To understand whether the drop in

this deviation over the life cycle is driven by treatments T1 and T2, which are the only

two treatments with a reduction in endowments starting in period 18, Figure 4(b) plots the

consumption deviation from the conditionally optimal level for each of the four treatments

individually. We find that for all four treatments, including treatments T3 and T4 that have

no change in endowments there is a reduction in the deviation of consumption from the

conditionally optimal path around period 18, indicating that the shortening life span is the

more likely cause for this reduction, although the effect could certainly be amplified by the

declining endowments starting in period 18 of Treatments T1-T2.

To summarize the deviations of actual decisions from the rational choice predictions over

a lifecycle we calculate the Root-Mean-Square-Deviation (RMSD) for each subject in each

sequence. Denote the deviation for subject i in sequence s of treatment t for period p by
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Figure 4: Average consumption deviation from the conditionally optimal path
Notes: The vertical dashed line marks period 18.

zistp. Then, the RMSD for subject i in sequence s is given by:

RMSDis =

√√√√ 1

P

P∑
p=1

z2istp.

In practice, we calculate the deviation using three different measures: the deviation of con-

sumption from the unconditional optimum, (cistp − c∗∗istp), the deviation of assets from the

unconditional optimum (aistp−a∗∗istp), and the deviation of consumption from the conditional

optimum (cistp − c∗istp). The comparison of the average of RMSDs across treatments and

across sequences helps us to understand whether the endowment process and past experi-

mental experience with a given endowment profile matters for the size of these deviations.

As reported in Table 2, in all treatments and sequences, subjects’ decisions are signifi-

cantly different from the rational choice model predictions: on average, actual consumption

differs from the unconditionally optimal level by about 700 tokens and from the conditionally

optimal level by about 400 tokens; actual assets differ from the unconditionally optimal level

by about 3,000 tokens. It turns out that the different endowment processes across treatments
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have very little effect on the extent of these deviations. Among the 18 pair-wise comparisons

(6 pairs for each variable) in Panel A, only two pair-wise comparisons result in deviations

that are statistically different from one another: the RMSD of actual consumption from

conditional optimum in T1 is significantly greater than that in: T3 at the 10 percent level

and T4 at the 5 percent level.

Among the 18 pair-wise comparisons in Panel B, four pair-wise comparisons result in de-

viations that are statistically different: the deviation of consumption from the unconditional

optimum in S1 is greater than that in S4 at the 10 percent level and the deviation of assets

from the unconditional optimum in S1 is greater than that in: S2 at the 5 percent level,

and S3 and S4 at the 1 percent level. These significant differences between earlier and later

sequences indicates that subjects do learn from past experience, and move in the direction of

the rational choice model predictions over time, although the magnitude of the improvement

is relatively small.

Finding 2 The amount and timing of endowments affects consumption.

Several empirical studies have found that consumption is sensitive to current income by ex-

amining consumption responses to exogenous variability in tax rebates (Shapiro and Slemrod,

2003; Agarwal et al., 2007; Parker et al., 2013). To understand whether such responsiveness

of consumption to current income can be replicated in the laboratory, we exploit the exoge-

nous variation in endowments across periods and across treatments and estimate the effect

of endowments on consumption (conditioning as well on conditionally optimal choices) using

the following linear regression specification:

cistp = Constant+ α1eistp + α2c
∗
istp + εistp. (1)

Here, eistp denotes the endowment for subject i in sequence s of treatment t for period

p. The conditionally optimal consumption amount, c∗istp, is added as a regressor to control
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Table 2: Average of RMSD by treatment and sequences

Panel A: By treatment
T1 T2 T3 T4√

1
P

∑P
p=1(cistp − c∗∗istp)2 730.88*** 659.16*** 687.07*** 650.63***

(33.84) (33.84) (35.74) (35.74)√
1
P

∑P
p=1(aistp − a∗∗istp)2 3175.28*** 3014.29*** 3275.77*** 3018.06***

(117.39) (117.39) (123.98) (123.98)√
1
P

∑P
p=1(cistp − c∗istp)2 404.98*** 347.88*** 345.13*** 332.35***

(24.58) (24.58) (25.96) (25.96)
Panel B: By sequences

S1 S2 S3 S4√
1
P

∑P
p=1(cistp − c∗∗istp)2 729.08*** 675.12*** 686.34*** 640.06***

(34.75) (34.75) (34.75) (34.75)√
1
P

∑P
p=1(aistp − a∗∗istp)2 3489.35*** 3091.17*** 2978.33*** 2918.88***

(119.11) (119.11) (119.11) (119.11)√
1
P

∑P
p=1(cistp − c∗istp)2 381.24*** 346.26*** 374.99*** 331.96***

(25.31) (25.31) (25.31) (25.31)

Notes : Panel A reports the average RMSD for each treatment. Panel B reports the average RMSD for
each sequence within a given treatment. Standard errors are reported in parentheses. ***>0.01, **>0.05,
*>0.1.

16



for the correlation between eistp and c∗istp. The final term, εistp, is a random error that is

clustered at the subject level. The coefficient of interest, α1, measures the effect of current

endowments on consumption. Because T3 has very little variation in endowments and T4

has no variation, we restrict our analysis to the data from treatments T1 and T2.

Table 3: Effects of Endowment on Consumption

All S1 S2 S3 S4 T1 T2
(1) (2) (3) (4) (5) (6) (7)

α1 0.18*** 0.22** 0.23*** 0.13* 0.16** 0.38*** 0.14***
(0.05) (0.09) (0.08) (0.08) (0.08) (0.11) (0.05)

α2 0.81*** 0.82*** 0.78*** 0.83*** 0.81*** 0.81*** 0.81***
(0.01) (0.03) (0.01) (0.02) (0.02) (0.02) (0.02)

Constant 112.82*** 114.97*** 116.67*** 101.01*** 110.57*** 17.29 137.93***
(21.30) (31.37) (36.30) (33.76) (33.98) (45.47) (18.55)

R2 0.703 0.632 0.7 0.74 0.741 0.693 0.719
Obs 5800 1450 1450 1450 1450 2900 2900

Notes: The sample is restricted to data from treatments T1 and T2. Columns (1), (2), (3), (4), (5), (6),
and (7) report the parameter estimates based on observations from all sequences and all treatments,
sequence 1, sequence 2, sequence 3, sequence 4, T1, and T2, respectively. Standard errors are clustered at
the subject level and are reported in parentheses. ***>0.01, **>0.05, *>0.1.

As reported in column (1) of Table 3, the current period endowment income matters for

consumption: holding the conditionally optimal consumption constant, a one token increase

in current endowments raises current consumption by 0.2 tokens. It is also interesting to

find that the sum of α1 and α2 are close to 1, indicating that actual consumption decisions

can be characterized by a constant plus a weighted average of endowments and conditionally

optimal consumption amounts. One interpretation for the constant term is that subjects

make systemic errors in calculating either the conditionally optimal consumption level or the

weighted average. This finding that consumption is sensitive to current endowments, even

conditioning on the conditionally optimal level of consumption, provides the motivation for

our behavioral model developed in the next section.

To understand whether subjects learn across lifecycles, Equation (1) is estimated sepa-

rately for different sequences, as reported in Columns (2)-(5) of Table 3. The limited change
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across sequences suggests that the effect of endowments on consumption does not weaken

with repetition. Further, to assess the difference across treatments, we separately estimate

Equation (1) for each treatment. As shown in Columns (6) and (7), we find that, compared

with treatment T1, consumption in treatment T2 is less sensitive to current endowments,

and the difference in α1 between these two treatments is significant at the 5% level. As the

endowment for the last 8 periods is 0 in T1 and 200 in T2, it is possible that subjects in

T1 are more alarmed by the future zero endowment flow, exert more effort to solve their

retirement consumption problem, and hence respond less to the reduction in endowments.

This difference in responsiveness is also incorporated in our behavioral model of consumption

behavior.

Finding 3 The deviation of consumption from the conditionally optimal level drops signifi-

cantly upon reaching period 18 (the calibrated retirement period).

There is an empirical literature documenting the fact that households reduce their expenses

upon retirement.6 It is interesting to see whether our laboratory experiment replicates this

finding. Note first, however, that in our experiment, β(1 + r) is set to be greater than

1 (β = 1, r = 0.1), leading to an upwards-sloping (optimal) consumption profile. One

way to control for this induced upward trend is to calculate the deviation in consumption

from conditionally optimal levels (hereafter referred to as the “consumption deviation”)

and examine whether this consumption deviation is affected by the (calibrated) timing of

retirement. Formally, we estimate the effect of reaching period 18 on consumption deviations

6Banks et al. (1998) and Bernheim et al. (2001) find that people reduce their consumption when they
retire, behavior that is considered to be inconsistent with rational choice theory; Aguiar and Hurst (2005,
2013), and Hurd and Rohwedder (2003) argue that such reduction in expenses is caused by the cessation
of work-related expenses and the substitution of home production for market-purchased goods and services.
But using survey data, one cannot test whether such reductions in expenses are anticipated before retire-
ment or not. It is possible that households do not perfectly foresee the future: following the reduction in
current income due to retirement, households have an immediate need to cut expenses, and increasing home
production is one way to satisfy this need, although such a response is not expected beforehand.

18



using the following regression equation:

∆cistp = Constant+ ηPost18p + εistp. (2)

Here, ∆cistp = cistp−c∗istp is the consumption deviation by subject i in sequence s of treatment

t for period p, Post18p is an indicator function that takes on the value of 1 for periods 18 to

25, εistp denotes a random error term clustered at the subject level and η is the coefficient

of interest, measuring the effect of reaching period 18 on consumption deviations.

Table 4: Effects of reaching period 18 on the deviation of consumption from conditionally
optimal level

All T1 T2 T3 T4
(1) (2) (3) (4) (5)

Panel A: All periods
η -240.17*** -257.82*** -200.23*** -253.72*** -251.50***

(23.91) (47.04) (34.81) (36.29) (38.43)
Constant 164.13*** 152.03*** 154.97*** 197.71*** 154.26***

(12.69) (23.67) (19.63) (16.29) (18.36)
R2 0.066 0.056 0.056 0.081 0.078
Obs 11000 2900 2900 2600 2600
Panel B: Periods 15-20
η -124.35*** -137.55*** -69.53* -139.71*** -155.39***

(18.45) (36.92) (39.28) (34.10) (34.15)
Constant 97.60*** 81.04* 51.81 151.36*** 113.39***

(23.89) (46.25) (33.09) (36.60) (41.03)
R2 0.021 0.021 0.007 0.021 0.039
Obs 2640 696 696 624 624
Panel C: Periods 17-18
η -81.47** -71.39 -32.3 -128.86 -100.16

(31.58) (46.20) (36.10) (83.13) (87.04)
Constant 90.49** 72.16 3.06 170.22* 128.72

(38.34) (58.03) (38.65) (89.10) (91.38)
R2 0.005 0.001 -0.002 0.005 0.005
Obs 880 232 232 208 208

Notes: Column (1), (2), (3), (4), and (5), reports the parameter estimates based on observations from all
treatments, T1, T2, T3, T4, respectively. Panels A, B, and C report the parameter estimates based on
observations from all periods, periods 15-20, and periods 17-18, respectively. Standard errors are clustered
at the subject level and are reported in parentheses. ***>0.01, **>0.05, *>0.1.

19



As reported in Column (1) of Panel A in Table 4, reaching period 18 significantly reduces

consumption deviations. One possibility for this finding is that the average measured reduc-

tion could be driven by over-consumption made at the beginning and under-consumption

made the end of each life cycle. Thus Panels B and C restrict the sample to include only deci-

sions that are made around the time of the retirement period and re-estimate Equation (2).

The comparison across panels indicates that the reduction in consumption deviations be-

comes smaller as the sample becomes more restricted, but the reduction is still statistically

significant and relatively large even when the sample only includes observations from periods

17 and 18. To understand whether the observed reduction is explained solely by endowment

variability in treatments T1 and T2, which have a drop in endowment income at period

18, we estimate Equation (2) separately for different treatments and report the results in

Columns (2)-(5). The comparison across columns makes it clear that the reduction in con-

sumption deviations is similar for all treatments, indicating that a reduction of consumption

around the retirement age is likely a response to the shortened remaining life-span rather

than a more direct response to a change in endowments.

6 Behavioral Model

Motivated by the consumption patterns reported on in the previous section, in this section

we develop a behavioral model that can explain subjects’ departures from the predictions

of rational choice theory. The idea behind our behavioral model originates with the dual

process model of psychology. According to this theory, human decisions are affected by two

different systems: system 1 is fast, instinctive and emotional, while system 2 is slower, more

deliberative, and more logical (see, e.g. Kahneman (2011)). In the context of consump-

tion/saving decisions, we view the instinctive—system 1—choice as being to consume all

current period endowment income etp, while the more deliberative—system 2—choice is to
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carefully evaluate the decision problem and consume the conditionally optimal consumption

amount, c∗istp.
7 Note that in our design, current endowment income is a function of both

the treatment number and the period number, while conditionally optimal consumption is a

function of both model parameters and individual subjects’ own past decisions.

We note that these two systems have counterparts in the macroeconomic consumption

literature: on the one hand, Keynes (1936) proposed that consumption was a function of

current income, and for those with zero assets, current income equals endowments; on the

other hand, the permanent income approach of Friedman (1957) posits that consumption is a

more deliberate, forward–looking function of permanent lifecycle income (wealth) and equal

to the conditionally optimal level. We combine these two alternative theories, and propose

that subjects are simultaneously affected by both “systems”. In particular, their actual

consumption decision, cistp, is a weighted average of etp and c∗istp if there is no calculation

error.8 Furthermore, inspired by our finding that the influence of endowments is smaller in

T2 as compared with T1, we propose that the weight allocated to the system 2 choice, c∗istp,

is negatively related to the risk of following the system 1 choice of immediately consuming

all endowment income etp in each period. Since this risk is closely linked to the endowment

income that subjects expect to receive in the future, we make use of the average future

endowment, denoted by eftp =
∑T

j=p+1
etp

(T−p) , as a proxy for this risk. Formally, our behavioral

model of consumption is represented by the following equation:

cistp = min{γ(eftp)c
∗
istp + (1− γ(eftp))etp + ηst + εispt, xistp}, (3)

7Alternatively, the system 1 choice can be thought as consuming all current income consisting of both
endowment and interest income in each period. The results presented in the next section are robust to this
alternative specification of the model. More information about this alternative specification is available upon
request.

8This approach is similar in spirit to Simon (1990); Arthur (1994); Clark (1997); Howitt and Özak (2014),
which all assume that individuals exhibit some type of bounded rationality.
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subject to:

0 ≤ γ(eftp) ≤ 1, ∀eftp. (4)

Note that γ(·) is a function that describes how the average future endowment affects the

weight allocated to the system 2 choice—which represents the conditionally optimal con-

sumption amount. Both ηst and εispt are calculation error terms. The difference is that ηst

is a systemic error term common to all subjects in one sequence and treatment, while εispt

represents a random error term specific to individual subject i. Note that the case where

subjects’ decisions are fully determined by one system or the other is nested in the Equa-

tion (3): if γ(efst) = 0, ∀efst, subjects are “hand-to-mouth” consumers and their decisions are

fully determined by system 1 while if γ(efst) = 1,∀efst, subjects are “rational” consumers and

their decisions are fully determined by system 2. Finally, xistp = etp+aispt denotes subject i’s

“cash on hand” in sequence s, period p of treatment t. Due to the no-borrowing constraint,

consumption cannot be greater than this cash on hand amount, hence its inclusion in the

minimum function determining cistp.

By contrast with the rational choice approach, our proposed behavioral model is con-

sistent with the three main findings established in the previous section. First, it should be

evident that in our behavioral model, consumption will depart from the rational choice pre-

diction since subjects’ endowments differ from the conditionally optimal consumption path

and individuals make calculation errors. That is,

∆cistp = cistp − c∗istp = min{(1− γ(eftp))(eistp − c∗istp) + ηst + εispt, xistp − c∗istp} (5)

Notice several things: first, the random error εispt has a mean of zero and does not affect

the average of consumption deviations for each period; second, the systematic error term ηst

is constant for each sequence and does not contribute to life cycle changes in consumption
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deviations. Third, since β(1 + r) > 1, the difference xistp − c∗istp is always positive. It

follows that the change in the average consumption deviation over the life cycle is equal

to (1 − γ(eftp))(eistp − c∗istp), provided that this amount does not exceed xistp − c∗istp. Given

a constant γ(eftp), (1 − γ(eftp))(eistp − c∗istp) is initially positive (since in the initial periods,

e > c∗) and declines over the periods of the lifecycle, as c∗ is increasing over the lifecycle and

e is non-increasing across all four treatments. Thus, there may exist a threshold period before

which subjects over-consume and after which subjects under-consume, which is exactly the

pattern shown earlier in Figure 4. Of course, taking into account the variability in γ(eftp),

the actual effect could be different.

Next, from Equation (3), it follows that consumption should also be responsive to current

endowment income. Further, if γ(eftp) decreases with respect to eftp, our behavioral model

can also explain why the responsiveness of consumption towards current income is smaller

in treatment T2 relative to T1.

Finally, our model can also explain why there is a negative effect on consumption devia-

tions in all treatments at retirement period 18, including those treatments with no change in

endowment income in period 18. The reason is that reaching period 18 significantly reduces

(eistp − c∗istp). Notice that (1 − γ(eftp)) does not play a significant role in determining the

change around period 18, since in all treatments, from period 17, eftp is a constant number.

To characterize the effect of reaching period 18 on (eistp − c∗istp), we estimated the following

equation:

eistp − c∗istp = Constant+ ψPost18p + εistp (6)

where Post18p is the same indicator function used previously, that takes the value of 1 for

periods 18 to 25. Note that the experiment sets eistp = etp for all subjects.

Table 5 reports the regression results for the same sample size periods considered earlier
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in Table 4. The results clearly show that reaching period 18 lowers (eistp − c∗istp) in every

treatment.9 This explains why the reduction in ∆cistp is observed not only for treatments

with reduced endowments at period 18 (T1 and T2) but also for treatments with no endow-

ment change at period 18 (treatments T3 and T4). Moreover, as the sample size becomes

more restricted in terms of covered periods (moving from Panels A to B to C), the esti-

mates of ψ become smaller and change in the same direction as do the estimates of η in

Equation (2), suggesting that the proposed behavioral model can also explain the change in

∆cistp for periods other than 18.

7 Estimation and Evaluation of the Behavioral Model

In this section, we first estimate the parameters of the behavioral model from the experimen-

tal data, and then we evaluate the model by comparing model-generated life cycle profiles

for consumption and assets with the actual data profiles of these two variables and with

profiles produced by alternative models.

7.1 Estimation

The function γ(eftp) is parameterized as a linear function of eftp. Under this assumption, the

decision rule can be rewritten as:

cistp = min{(γ1 + γ2e
f
tp)c

∗
istp + (1− (γ1 + γ2e

f
tp))eistp + ηst + εispt, xistp}, (7)

where γ1 and γ2 are the parameters governing the mapping from eftp to γ(eftp). The null hy-

pothesis is that subjects’ decisions conform, on average, to rational choice theory predictions:

γ1 = 1, γ2 = 0, ηst = 0,∀s, t.
9Note that the standard errors reported in this table are smaller than those reported in Table 4, because

c∗istp has a smaller variance than does cistp.
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Table 5: Effects of reaching period 18 on the difference between endowments and condition-
ally optimal consumption

All Ts T1 T2 T3 T4
(1) (2) (3) (4) (5)

Panel A: All periods
ψ -974.84*** -1067.23*** -1211.94*** -836.87*** -745.30***

(68.33) (123.82) (91.63) (89.63) (100.00)
Constant 147.40*** 191.27*** 226.94*** -1.43 158.59***

(11.04) (15.99) (13.96) (13.83) (15.88)
R2 0.221 0.273 0.423 0.105 0.191
Obs 11000 2900 2900 2600 2600
Panel B: Periods 15-20
ψ -389.83*** -487.92*** -720.14*** -128.84*** -172.97***

(27.38) (31.25) (23.70) (23.14) (24.72)
Constant -120.02*** -25.34 20.55 -440.98*** -61.45

(26.19) (41.94) (36.01) (32.89) (39.32)
R2 0.154 0.2 0.426 0.027 0.045
Obs 2640 696 696 624 624
Panel C: Periods 17-18
ψ -270.05*** -357.71*** -591.20*** -34.35** -49.77***

(21.77) (11.82) (8.75) (12.94) (12.55)
Constant -166.90*** -76.34 -30.17 -477.58*** -109.72**

(29.61) (49.50) (42.39) (37.14) (44.76)
R2 0.089 0.131 0.361 -0.002 0
Obs 880 232 232 208 208

Notes: Column (1), (2), (3), (4), and (5), reports parameter estimates based on observations from all
treatments, T1, T2, T3, T4, respectively. Panels A, B, and C report parameter estimates based on
observations from all periods, periods 15-20, and periods 17-18, respectively. Standard errors are clustered
at the subject level and are reported in parentheses. ***>0.01, **>0.05, *>0.1.
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Table 6: Parameters estimates for the behavioral model
Weights γ1 γ2

0.85*** -0.0007***
(0.03) (0.0001)

S1 errors η11 η12 η13 η14
82.17** 120.98*** 177.02*** 116.69***
(38.21) (16.25) (29.95) (7.49)

S2 errors η21 η22 η23 η24
103.64*** 69.33** 97.94*** 119.73***

(27.86) (34.15) (36.81) (7.10)
S3 errors η31 η32 η33 η34

69.21*** 53.64* 195.29*** 54.70**
(24.13) (27.41) (24.43) (24.25)

S4 errors η41 η42 η43 η44
76.37*** 68.91** 158.61*** 81.21***
(27.22) (31.54) (27.37) (22.81)

Notes: The sample excludes the final period decisions of each sequence since subjects are
told explicitly in the instructions to consume all cash on hand in that period, which is the
conditionally optimal choice, in the last period of each sequence. The number of
observations is 10,560. R2 is 0.729. Standard errors are clustered at the subject level and
are reported in parentheses. ***>0.01, **>0.05, *>0.1.
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The model’s parameters are estimated using a nonlinear least-squares method, and are

reported in Table 6. The null hypothesis is clearly rejected, suggesting that subjects do

not behave according to the rational choice predictions. Specifically, subjects’ consumption

decisions are substantially affected by current endowments (1− (γ1 + γ2e
f
tp) > 0); and they

systematically overstate the value of the conditionally optimal consumption (ηst > 0,∀s, t).

Furthermore, we find that average future endowments negatively affect the weight assigned

to the system 2 conditionally optimal consumption choice (γ2 < 0).10
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Figure 5: System 2’s weight by treatment and period

To illustrate the changing influence of system 2 on consumption decisions, Figure 5

plots the average future endowment, eftp, by treatment and by period in the left panel and

the implied weight of the system 2 choice in the right panel. Specifically, the right panel

of Figure 5 plots γ1 + γ2e
f
tp using the estimates for γ1 and γ2 reported in the first row

of Table 6. Reflecting the difference across the average future endowments, the weights

allocated to the system 2 choice range from 0.54 to 0.85, satisfying Constraint (4). Since

the average future endowment does not vary in treatments T3 and T4, these two treatments

10The parameter γ2 is identified solely from the variability of decisions across periods in treatments T1
and T2 and the difference between T1 and T2, since the average future endowment is constant in treatments
T3 and T4.
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have constant weights: 0.85 for T3 and 0.54 for T4. For the other two treatments, over

the course of a lifetime, the system 2 weight increases from 0.58 to 0.72 in T1 and from

0.62 to 0.85 in T2 to reflect the fact that the average future endowment, eftp, declines over

time from 400 to 200 in T1 and from 351 to 0 in T2. If we neglect calculation errors, these

weights suggest that dispensing with a social security system as in treatments T2 and T4, or

lowering the replacement rate (as in the difference between treatments T4 and T1) lessens the

departure of consumption from the conditionally optimal path, since individuals respond to

the decrease in endowment income toward the end of their lives by putting greater weight on

the deliberative system 2 choice, and behave more like rational agents. This channel indicates

that subjects in treatments T2 and T3 should have greater lifetime utility as compared with

subjects in treatments T1 and T4. On the other hand, the comparison of systematic errors

across treatments in sequence one (the second row of Table 6) suggests that the systematic

errors for treatments T2 and T3 are greater than those for treatments T1 and T4. Thus,

reducing retirement benefits raises the difficulty of the life cycle problem and as a result,

subjects make larger systemic errors. Although the difference between T2 and treatments

T1 and T4 in sequence one is not statistically significant and the difference between T3 and

treatments T1 and T4 is no longer significant with repetition (sequence two), the variation

in systemic errors across treatments could weaken the positive effect of reducing retirement

benefits on intertemporal allocations. In the experiment, these two opposing channels almost

cancel each other out, and hence there is little difference in average final payments across

the four treatments (See Table 1).
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7.2 Evaluation

Given the parameter estimates obtained in the previous subsection, we simulate the average

decision rules for each period, treatment and sequence cell using the following equations:

cstp = min{(γ1 + γ2e
f
tp)c

∗
stp + (1− (γ1 + γ2e

f
tp))estp + ηst, xstp},

ast(p+1) = (1 + r)(xstp −min{(γ1 + γ2e
f
tp)c

∗
stp + (1− (γ1 + γ2e

f
tp))estp + ηst, xstp}).

Note that the subscript i is dropped to represent the average for each sequence, treatment

and period cell, and that the random error averages out across subjects in the aggregate.

Figures 6 and 7, respectively, compare the life cycle profile of average consumption and

assets generated by our model with those in the first sequence of the experiment. The results

for other sequences are similar and are relegated to Appendix B. As shown in Figure 6, our

model performs well in capturing the changes in consumption over the life cycle for all

four treatments. In particular, due to the influence of the system 1 choice, the predicted

consumption growth over the life cycle in our model is lower than that under the rational

choice model and is also closer to the growth rate observed in the data. Most importantly,

our model is able to replicate the fact that subjects over-consume in the early periods of life

and under-consume in the later periods of life.

Not only does our model fit the pattern of consumption choices over the lifecycle, it

also provides a good approximation to the accumulation/decumulation of assets over the

life cycle as well. As shown in Figure 7, the model correctly predicts two counter-intuitive

features of the data. First, subjects do not accumulate sufficient savings for retirement.

For instance, in sequence 1, the ratio of assets at the retirement period of 18 predicted

by our model relative to the amount of assets needed to maximize lifetime utility is 0.49,

0.45, 0.51, and 0.18 for treatments T1, T2, T3, and T4, respectively, and the corresponding

ratios in the experimental data are 0.47, 0.51, 0.43, and 0.25, respectively. Second, with 40

29



(a) T1 (b) T2

(c) T3 (d) T4

Figure 6: Average consumption by period in sequence 1

percent of pre-retirement earnings replaced by social security benefits as in treatment T1,

post retirement, subjects decumulate assets at a rate that is slower than the optimal level

and hold assets in an amount that is higher than what is needed until the last period of life.

Specifically, the rational choice model predicts that by period 25, subjects should reduce

their asset holdings by 73.9 percent relative to their holdings in period 18. By contrast,

in the first sequence of treatment T1, this reduction in assets is only 50.5 percent. The
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Figure 7: Average assets by period in sequence 1

predicted reduction using our model is closer to the data and is 58.6 percent. However, due

to the presence of systematic calculation errors, the post-retirement decumulation of assets

in both the data and our model need not always be slower than what is predicted by the

rational choice model. For instance, in sequence 1 of treatment T2 the reduction in asset

holdings by period 25 relative to period 18 is 80.3 percent in the data, 76.1 percent in our

model, and 75.1 percent in the rational choice model.
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To assess the performance of our behavioral model relative to some alternative models,

we compare the RMSD of the experimental data (the data mean in Figures 6, 7, and B.3-

B.8) from the predictions of four alternative models: our own behavioral model, the rational

choice model, a heuristic model that assumes agents consume all of their endowment in each

period and hence have zero assets (Winter et al., 2012), and finally, a two–type model which

considers the coexistence of both fully rational agents and hand-to-mouth consumers (Camp-

bell and Mankiw, 1989). When computing the RMSD, we exclude the last period of life,

since subjects are explicitly instructed to consume the conditionally optimal amount in that

final period. Specifically, the RMSD for model m and sequence s is calculated as follows:

RMSDsm =

√√√√ 1

P − 1

P−1∑
p=t

(xstp − xmstp)2

where xstp denotes the average of consumption or assets for all subjects in sequence s of

treatment t for period p, and xmstp denotes the predicted value using model m, where m

can take four values B,R,H, T , respectively, representing our behavioral model, the rational

choice model, the hand-to-mouth heuristic model, and the two-type model.

The solutions to the first two alternative models can be calculated independently of the

data: cRstp = c∗∗stp, a
R
stp = a∗∗stp for the rational choice model, and cHstp = etp, a

H
stp = 0 for the

hand-to-mouth model. As before, subscript i is dropped to represent the average in each

sequence, treatment and period. For the two-type model, we must first identify the share

of rational agents using the data. Specifically, this share is estimated using the following

equation:

cistp = ζstc
∗∗
tp + (1− ζst)etp + εispt, (8)

where ζst is the coefficient of interest, measuring the share of rational agents in each treatment
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and sequence and εispt is a random error that is not part of the two-type model but is added

for the estimation.

Our behavioral model differs from the two-type model in three important ways. First,

the two-type model assumes that agents either behave rationally, choosing the optimal con-

sumption path, or behave irrationally by consuming their endowment in each period. By

contrast our model allows each agent to be simultaneously influenced irrational instinct and

rational forward-looking planning (system 1 versus system 2). Second, the two-type model

assumes that the rational-type agent makes the optimal consumption decision from the very

beginning of each sequence, and hence the average consumption decision is a combination

of c∗∗tp and etp. By contrast, in our model, agents recognize past deviations from the optimal

path and update the system 2 choice each period. As a result, the average consumption

decision is a combination of c∗istp and etp. Finally, the no borrowing constraint is required for

our model but not for the two-type model, because the constraint never binds for rational

agents and is equivalent to the endowment amount for hand-to-mouth consumers.

Campbell and Mankiw (1989) find that to account for the volatility in aggregate con-

sumption in the U.S. quarterly time series field data, the population should be approximately

equally split between rational and hand-to-mouth consumers. Table 7 reports the share of

rational agents for the different treatments and sequences in our experimental data. Inter-

estingly, we also find that the estimated share of rational agents in treatments with more

realistic endowment flows (T1 and T2) is very close to 0.50, and the share in treatments

with less realistic endowment flows (T3 and T4) is further away from 0.50. In particular,

with one lump-sum payment in the very first period (T3), there are fewer subjects behaving

like hand-to-mouth consumers; while with a constant endowment flow (T4), there are many

more subjects behaving like hand-to-mouth consumers. This change in the share of rational

agents across treatments is similar to findings about the change in the relative importance of

the system two choice in our behavioral model (see Figure 5). Together, these findings sug-
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gest that, in response to a declining risk of consuming all of one’s endowment in each period,

subjects’ consumption decisions will be less influenced by forward looking system 2 thinking

and increasingly influenced by the simple (system 1) heuristic of consuming endowments.

Table 7: Share estimates of the two type model

S1 ζ11 ζ12 ζ13 ζ14
0.43*** 0.50*** 0.75*** 0.25***
(0.13) (0.08) (0.03) (0.07)

S2 ζ21 ζ22 ζ23 ζ24
0.35*** 0.54*** 0.80*** 0.30***
(0.06) (0.07) (0.02) (0.09)

S3 ζ31 ζ32 ζ33 ζ34
0.62*** 0.69*** 0.75*** 0.56***
(0.09) (0.08) (0.03) (0.11)

S4 ζ41 ζ42 ζ43 ζ44
0.61*** 0.58*** 0.77*** 0.49***
(0.09) (0.07) (0.03) (0.11)

Notes: The sample excludes final period decisions since subjects were told in the instruction to consume all
available resources in the last period of each sequence, which is the conditionally optimal choice. Number
of observations is 10560. R2 is 0.635. Standard errors are clustered at the subject level and are reported in
parentheses. ***>0.01, **>0.05, *>0.1.

Given the estimated share of rational agents for each sequence and treatment ζst, the

predictions under the two-type model were then calculated as follows:

cTstp = ζstc
∗∗
tp + (1− ζst)etp,

aTst(p+1) = (1 + r)(xstp − (ζstc
∗∗
stp + (1− ζst)estp)).

The RMSD are separately computed for the four alternative models and are reported

in Table 8 in columns (1)-(4), respectively, reporting the results for our behavioral model,

the rational choice model, the hand-to-mouth heuristic model, and the two-type model. If

we look at the average across all sequences and treatments (the first row in each panel), for

both consumption and assets, the RMSD generated by our behavioral model is much smaller

than that produced by the rational choice model or the hand-to-mouth heuristic model, and
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Table 8: RMSD of data period average from predictions of alternative models
Behavioral Rational Hand-to-mouth Two type

(1) (2) (3) (4)
Panel A: Consumption
All 122.44 382.69 538.96 140.57
S1 117.01 444.98 490.58 158.72
S2 115.52 413.65 492.43 120.36
S3 132.94 330.97 604.64 158.99
S4 124.29 341.16 568.19 124.23
T1 113.56 370.50 373.75 83.51
T2 82.92 356.77 486.37 81.62
T3 183.58 442.23 1048.06 328.20
T4 109.70 361.26 247.65 68.98
Panel B: Assets
All 478.28 2369.02 3099.63 591.04
S1 368.13 2893.78 2596.83 648.51
S2 383.59 2527.28 2903.30 406.83
S3 579.23 1974.68 3531.31 732.11
S4 582.19 2080.34 3367.08 576.72
T1 496.50 2193.22 2721.31 371.18
T2 304.60 2275.35 3249.97 284.91
T3 439.74 2801.04 4537.00 1365.90
T4 672.29 2206.46 1890.24 342.19

Notes: The sample excludes the last period of life, since subjects are explicitly instructed to consume the
conditionally optimal amount (all assets and endowment income) in the final period. For each panel, the
first row reports the average value across all sequences and treatments; the second through the fifth rows
report the average across the four sequences of a single treatment; the sixth through ninth rows report the
average across the four treatments in a single sequence.
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is similar in magnitude to that produced by the two-type model. The comparison across

sequences (the second through fifth rows in each panel) indicates that the gap in RMSD

persists with repetition. The comparison across treatments (the last four rows) shows that

our model continues to provide a better fit to the data relative to the rational choice model

and the hand-to-mouth heuristic model in all treatments, but the two-type model slightly

outperforms our behavioral model in treatments T1, T2, and T4.

In summary, our model is on a par with the two-type model in matching average profile

of consumption and assets—both of them provide a better explanation of the over-and-

under consumption pattern during the life cycle as compared with either the rational choice

model or the heuristic model that assumes agents consumes their endowment in each period.

However, it is important to note that the two-type model fails in one important micro-

dimension: among a total number of 476 combinations of sequences and subjects (including

the 9 outliers dropped for the above analysis), no subject in our experiment behaved like a

perfectly rational agent. Only 3 subjects behaved like a perfect hand-to-mouth consumer in

7 different sequences (1.5 percent of the sample). Thus, for explaining the aggregate-level

data, the two-type model performs very similarly to our behavioral model, but our model

accounts better for the micro-level variation in consumption/saving decisions in the sense

that there is little evidence for the existence of two pure types of the two-type model. We

note that the latter observation is really only possible to obtain in a controlled laboratory

setting such as the one we have implemented, where we have induced a utility function and

various endowment paths and can thus determine what constitutes optimal behavior.

8 Conclusions

We have reported on a laboratory experiment designed to understand how individuals make

consumption and savings decisions over the lifecycle given a concave utility function ob-
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jective and facing deterministic endowment profiles over that lifecycle. While the certain,

deterministic nature of the endowment profile may not be very realistic, it provides a simple

framework that enables us to compute the optimal solution, and this forward-looking view

of lifecycle consumption is the workhorse model used in the macroeconomics and finance

literatures. If subjects are unable to make optimal decisions in this simplified framework, it

seems doubtful that they would perform better in richer, stochastic frameworks that better

reflect real lifecycle decision-making.

We were particularly interested in how subjects responded to variations in the lifecycle

endowment profile. In particular, in two of our four treatments, endowment income drops

during the retirement phase and our focus here was on whether subjects who were fully

informed of this drop in retirement income would respond to it as the rational choice theory

predicts, by accumulating assets in such a way as to smooth consumption over their entire

lifetimes. Our experiment has yielded several important findings. First, we found that in

all four treatments, subjects over-consume relative to the optimal path in the early periods

of life and as a consequence they do not accumulate the assets they need to achieve opti-

mal consumption in the later periods of their lives, so that they under-consume in those

periods. Other experimenters have also documented this finding, but the difference here

is that we have considered a variety of lifecycle endowment profiles, including a constant

endowment profile (treatment T4) and we continue to obtain the same pattern of over- and

under-consumption over the lifecycle. Second we found that the deviation of consumption

from the conditionally optimal level drops significantly upon reaching period 18 (the cali-

brated retirement period). This drop occurs for all four treatments, not just those where the

endowment income declines in the retirement period suggesting that subjects are changing

their behavior as the end of their lifetimes is approaching. Third, we also find that the

amount and timing of endowments affects consumption choices. Surprisingly, providing a

more smooth consumption path as in our treatments T1 and T4 need not result in consump-
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tion profiles that are closer to the optimal path. Finally, we develop a behavioral model

of consumption behavior that borrows from the dual process theory of psychology where

subjects are modeled as making consumption decisions both instinctually, based on current

endowment income alone and fully rationally, base on the conditionally optimal level. We

find that our dual-system behavioral model provides a very good fit to the experimental data

in terms of RMSD, outperforming both the rational choice model and the heuristic hand-to-

mouth consumption models, and performing similarly to the two-type model of Campbell

and Mankiw (1989). However, by contrast with the latter model, we argue that our model

fits the micro-level facts of the experimental data better in the sense that there is no evi-

dence for the existence of either of the two pure types (rational or hand to mouth) that is

assumed in the two-type model. We suspect that this observation would also carry over to

consumption decisions made by households in the field.

The construction of a behavioral model validated using experimental data is a necessary

first step in understanding how individuals are likely to respond to changes in social security

and other retirement savings vehicles. We think that an obvious next step is to determine

how well our model matches features of the time series data on household consumption and

asset accumulation over the lifecycle, and whether various modifications to the model, e.g.

allowing for borrowing constraints, mortality risk, stochastic income and unemployment,

among other factors, would improve the fit. We leave these extensions to future research.
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Feltovich, Nick and Ourega-Zoé Ejebu, “Do Positional Goods Inhibit Saving? Evidence from a Life-
Cycle Experiment,” Working Paper, 2013.

39



Friedman, Milton, A theory of the consumption, Princeton University Press Princeton, NJ, 1957.

Hastings, Justine S and Olivia S Mitchell, “How financial literacy and impatience shape retirement
wealth and investment behaviors,” NBER Working Paper 2011.
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A Sample Screenshots and Instruction

In this section, we include the instruction for the treatment order T1-T2, and a sample screenshot for
the experiment. Instructions for other treatment orders are similar to the reported one except that the
distribution of endowments are different.
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Instructions 

Overview 

Welcome to this experiment in the economics of decision-making. You are guaranteed $7 for 
showing up and completing this experiment. These instructions explain how you can earn 
additional amounts of money from the decisions that you make in today’s session. There is no 
talking for the duration of this session. Please silence all mobile devices. If you have a question, 
please raise your hand and your question will be answered in private. 

Today’s session consists of two parts. These instructions are for the first part. After completing 
the first part of the experiment, you will receive instructions for the second part.  At the end of 
the second part you will be paid your earnings from both parts together with your $7 show-up 
payment in cash and in private. 

Part One Instructions  

The first part of today’s experiment involves two “sequences”.  Each sequence consists of 25 
“periods” of decision-making.  At the start of each period you are endowed with a certain 
number of “tokens.”  The exact number of tokens given to you in each of the 25 periods of a 
sequence is shown in Table 1 and is graphed in Figure 1. Please take a moment to look at this 
sequence of tokens that you will be given.  Notice that in some periods, you are given a large 
number of tokens while in other periods you are given a small number of tokens.  The number of 
tokens you are given each period will also be indicated on your computer screen. In addition to 
the tokens you are given each period you may have additional tokens that you have saved from 
prior periods which earn interest in terms of additional tokens as explained below. After viewing 
the total number of tokens you have available --the amount you are given for the period and your 
tokens from savings and interest-- you must decide how many of these tokens you wish to 
convert into money for the period.  You can convert any number of tokens from 0 up to the 
maximum total tokens you have available in each period, and you can choose to convert fractions 
of tokens up to four decimal places.  If the 25th period has not yet been reached, then any 
remaining tokens that you do not convert into money will be saved for your use in later periods, 
and these savings will earn interest in the form of additional tokens available to you in these later 
periods as explained in more detail below. In the 25th period, any tokens that you do not convert 
into money will become worthless. 

Your earnings for each period depend on the number of tokens that you convert into money in 
that period and are shown in Table 2 and graphed in Figure 2.  Notice several things. First, only 
some token amounts that you may wish to convert into money are shown, e.g., 0, 
100,…,500,…2000,…10,000. The precise formula used to determine your earnings (in dollars) 
from converting tokens into money is given at the bottom of Table 2.  Second, notice that the 
more tokens you convert, the greater are your money earnings for that period. Finally, notice also 
that the money you earn from converting tokens is proportionally diminishing; the difference in 



your money earnings from converting 500 rather than 400 tokens is larger than the difference in 
your money earnings from converting 1500 rather than 1400 tokens. 

At the start of all 25 periods in a sequence you receive some number of tokens as reported in 
Table 1 and Figure 1.  In addition, in periods 2,…25, you may have additional tokens available 
to you depending on whether you have saved any tokens in prior periods; in that case, you will 
also receive interest on those savings paid to you in additional tokens. Specifically, you will earn 
an interest rate of 10 percent per period, paid to you in additional tokens, at the start of the next 
period.  Thus, if in this period you saved S>0 tokens, then at the start of the next period you 
would have S+ (S ×.10) (equivalently (1.10)×S) tokens available to you in addition to the tokens 
you receive at the start of each new period as given in Table 1.  Table 3 shows how various token 
amounts saved (S) in one period result in additional token amounts of (1+.10)×S in the following 
period. 

Thus at the start of every period you may have some tokens available to you. Your decision 
screen will report this total available token number to you, breaking it down according to:  

1) Token endowment this period: as given in Table 1.  

2) Tokens saved from the last period: S 

3) Interest earned on tokens saved from last period savings: S ×.10 

The total tokens you have available to convert into money or to save in the current period will be 
the sum of these three numbers.  

Your Decision 

Type the number of tokens you wish to convert into money (up to four decimal places) in the 
input box on your decision screen. You may refer to Table 2 and Figure 2 to understand how 
your token conversion decision determines your earnings, but you can also use the calculator on 
the top left part of this decision screen to determine how your token conversion decision will 
translate into money this period. Once you have entered your choice click the Submit button to 
confirm your choice. You can change your mind anytime prior to clicking the Submit button.   

Once the first 25-period sequence is completed, you will begin playing a second 25-period 
sequence. The second sequence will be just like the first sequence in that you will again receive 
the same endowment of tokens in each of the 25 periods as indicated in Table 1 and Figure 1 and 
you will again make token conversion decisions each period as before. Table 2, Figure 2 and 
Table 3 will continue to apply for determining your money earnings and how saving decisions 
determine additional tokens. 

Information 



Following the first period of a sequence, and after every period thereafter, you will be reminded 
of the total tokens you initially had available at the start of the period, your token conversion 
decision, your saved tokens, your money earnings for the period as well as your cumulative total 
money payoff for the current 25-period sequence. Please record this information on your Record 
Sheets under the appropriate headings.  For your convenience, a complete history of this 
information will be provided at the bottom of your decision screen (following the first period of 
each sequence). 

Earnings 

After the second 25-period sequence has been completed, we will randomly select one of the two 
25-period sequences you played. Both sequences have an equal chance of being chosen. Your 
cumulative money earnings from the one chosen sequence will comprise your earnings for this 
first part of today’s experiment.  

Questions?   Now is the time for questions. If you have a question, please raise your hand and the 
experimenter will answer your question in private. 



Quiz  

Before continuing on to the experiment, we ask that you complete the following quiz for the part 
one instructions.  In answering these questions, you may consult the instructions, tables and 
figures. Your performance on this quiz does not affect your payoff in any way. Write or circle 
your answers to the quiz questions as indicated.  Do not put your name on this quiz. If any 
questions are answered incorrectly, we will go over the relevant part of the instructions again. 

1. In part one you will participate in ______ sequences.  Each sequence consists of _____ 
periods.   

2. Suppose it is period 1.  What is the maximum number of tokens that you can convert into 
money this period?  _______. What is the minimum number of tokens you can convert 
into money this period?  ______.   

3. Suppose it is period 10. What is your endowment of tokens in this period? ______ If, in 
period 9 your savings was 1,000 tokens, how many total tokens, including savings, 
interest earnings and your endowment of tokens for period 10 will you be able to convert 
into money in period 10? ______. 

4. Suppose it is period 20. What is your endowment of tokens in this period? ______ If, in 
period 19 your savings was 7,000 tokens, how many total tokens, including savings, 
interest earnings and your endowment of tokens for period 20 will you be able to convert 
into money in period 20? ______. 

5. Suppose it is period 25. If you choose to save some of your tokens in period 25, will they 
have any future value to you?   Circle one      Yes         No.   

6. True or false:  Your earnings will depend on your cumulative money earnings from one 
of the two 25-period sequences you play, but you will not know which sequence will be 
chosen until the end of the session.   Circle one:      True         False



 

Table 1:  Endowment of Tokens 
 Period Tokens You are Given 

 1 500 
2 500 
3 500 
4 500 
5 500 
6 500 
7 500 
8 500 
9 500 

10 500 
11 500 
12 500 
13 500 
14 500 
15 500 
16 500 
17 500 
18 200 
19 200 
20 200 
21 200 
22 200 
23 200 
24 200 
25 200 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



Table 2: Token Conversions and Money Earned 
Tokens  
Converted 

Money Earnings  
for the Period 

0 0.00 
100 0.14 
200 0.22 
300 0.28 
400 0.32 
500 0.36 
600 0.39 
700 0.42 
800 0.44 
900 0.46 

1000 0.48 
1100 0.50 
1200 0.51 
1300 0.53 
1400 0.54 
1500 0.55 
1600 0.57 
1700 0.58 
1800 0.59 
1900 0.60 
2000 0.61 

    
3000 0.69 

    
4000 0.74 

    
5000 0.79 

    
6000 0.82 

    
7000 0.85 

    
8000 0.88 

    
9000 0.90 

    
10000 0.92 

 

Money=$ 0.2*ln(0.01*Tokens Converted+1) 

Table 3: Savings and Interest  
Tokens 
Saved 

Interest Earned 
in Tokens 

Savings+Interest 
in Tokens 

0 0 0 
100 10 110 
200 20 220 
300 30 330 
400 40 440 
500 50 550 
600 60 660 
700 70 770 
800 80 880 
900 90 990 

1000 100 1100 
1100 110 1210 
1200 120 1320 
1300 130 1430 
1400 140 1540 
1500 150 1650 
1600 160 1760 
1700 170 1870 
1800 180 1980 
1900 190 2090 
2000 200 2200 

      
3000 300 3300 

      
4000 400 4400 

      
5000 500 5500 

      
6000 600 6600 

      
7000 700 7700 

      
8000 800 8800 

      
9000 900 9900 

      
10000 1000 11000 
 

Interest (in Tokens)=0.1*Tokens Saved 



 

 

Figure 1: Token You are Given by Period 

 

 

 

Figure 2: Token Conversions and Money Earned 



Record Sheet  Part 1  Player ID ________       Age ______      Sex(Circle)     F     M 

Sequence Period 

Initial Total 
Tokens at the 
Start of this 
Period 

Number of 
Tokens You 
Converted 
this Period 

Number of 
Tokens You 
Saved this 
Period 

Money 
Earned for 
this Period 

Cumulative 
Money 
Earnings as 
of this Period 

1 1           
1 2           
1 3           
1 4           
1 5           
1 6           
1 7           
1 8           
1 9           
1 10           
1 11           
1 12           
1 13           
1 14           
1 15           
1 16           
1 17           
1 18           
1 19           
1 20           
1 21           
1 22           
1 23           
1 24           
1 25           

 

 

 

 

 

 



Record Sheet  Part 1  Player ID ________       Age ______      Sex(Circle)      F    M 

Sequence Period 

Initial Total 
Tokens at the 
Start of this 
Period 

Number of 
Tokens You 
Converted 
this Period 

Number of 
Tokens You 
Saved this 
Period 

Money 
Earned for 
this Period 

Cumulative 
Money 
Earnings as 
of this Period 

2 1           
2 2           
2 3           
2 4           
2 5           
2 6           
2 7           
2 8           
2 9           
2 10           
2 11           
2 12           
2 13           
2 14           
2 15           
2 16           
2 17           
2 18           
2 19           
2 20           
2 21           
2 22           
2 23           
2 24           
2 25           

 

 

 

 

 

 



Instructions, Continued 

Part Two Instructions  

The second part of today’s experiment is similar to the first part and involves two more 25-
period sequences of decision-making.  At the start of each period you are again endowed with a 
certain number of tokens and must again decide how many of your total available tokens you 
wish to convert into money each period.  The only difference from the first part is that in this 
second part of the experiment, the number of tokens given to you in each of the 25 periods of a 
sequence is different from before and is now shown in Table 4 and graphed in Figure 3. Please 
take a moment to look at this new sequence of token amounts.  Notice that in some periods you 
are given a large number of tokens while in other periods you are given 0 tokens. The number of 
tokens you are given in each of the 25 periods will again be indicated on your computer screen.  
As in the first part, in addition to the tokens you are given each period you may have additional 
tokens that you have saved from prior periods which earn interest at the same rate of 10 percent 
as in the first part. After viewing the total number of tokens you have available -- the amount 
you are given for the period and your tokens from any prior period savings and interest-- you 
must decide how many of these tokens you wish to convert into money for the period.  You can 
convert any number of tokens from 0 up to the maximum total tokens you have available for that 
period, and you can choose to convert fractions of tokens up to four decimal places.  If the 25th 
period has not yet been reached, then the remaining tokens that you do not convert into money 
will be saved for your use in later periods, and these savings will earn 10 percent interest per 
period in the form of additional tokens available to you next period just as in the first part.  In the 
25th period, any tokens that you do not convert into money will become worthless. 

The amounts of money you can earn from converting tokens each period is the same as in the 
first part and thus continues to be given by Table 2 for certain possible token conversion amounts 
and is graphed in Figure 2. (These are reprinted below). As before, a calculator is available on 
the top left side of your decision screen to help you determine how your token conversion 
decisions translate into money earnings each period. As noted above, the interest rate on savings 
remains the same at 10 percent per period, so that Table 3 (also reprinted below) continues to 
reveal how various token amounts saved this period earn interest for you in terms of additional 
tokens next period. 

As in the first part you will complete two, 25-period sequences of decision-making. The second 
sequence will be just like the first sequence in that you will continue to receive the same 
endowment of tokens in each of the 25 periods as now indicated in the new Table 4 and you will 
make token conversion decisions each period just as before.   

To reiterate, the only change from the first part is that the endowments of tokens that you are 
given in each of the 25 periods of each sequence in this second part of the experiment are 
different and are now given in the new Table 4. 



Information 

Following the first period of a sequence, and after every period thereafter, you will again be 
reminded of the total tokens you initially had available at the start of the period, your token 
conversion decision, your saved tokens, your money payoff for the period as well as your 
cumulative total money earnings for the current 25-period sequence. Please record this 
information on your Record Sheets under the appropriate headings.  For your convenience, a 
complete history of this information will be provided at the bottom of your decision screen 
(following the first period of each sequence). 

Earnings 

After the second 25-period sequence has been completed, we will randomly select one of the two 
25-period sequences you played. Both sequences have an equal chance of being chosen. Your 
cumulative money earnings from the one chosen sequence will comprise your earnings for this 
second part of today’s experiment.   

Following the completion of this second part, the experiment will be over. You will be paid your 
earnings from the first and second parts together with your $7 show-up payment in cash and in 
private. 

Questions?    

Now is the time for questions. If you have a question, please raise your hand and the 
experimenter will answer your question in private. 

 

. 

 



 

Table 4:  Endowments of Tokens 
Period Tokens You are Given 

1 526 
2 526 
3 526 
4 526 
5 526 
6 526 
7 526 
8 526 
9 526 

10 526 
11 526 
12 526 
13 526 
14 526 
15 526 
16 526 
17 526 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 
24 0 
25 0 

 

 

 

 

 

 

 



Table 2: Token Conversions and Money Earned 
Tokens  
Converted 

Money Earnings  
for the Period 

0 0.00 
100 0.14 
200 0.22 
300 0.28 
400 0.32 
500 0.36 
600 0.39 
700 0.42 
800 0.44 
900 0.46 

1000 0.48 
1100 0.50 
1200 0.51 
1300 0.53 
1400 0.54 
1500 0.55 
1600 0.57 
1700 0.58 
1800 0.59 
1900 0.60 
2000 0.61 

    
3000 0.69 

    
4000 0.74 

    
5000 0.79 

    
6000 0.82 

    
7000 0.85 

    
8000 0.88 

    
9000 0.90 

    
10000 0.92 

 

Money=$ 0.2*ln(0.01*Tokens Converted+1)   

Table 3: Savings and Interest  
Tokens 
Saved 

Interest Earned 
in Tokens 

Savings+Interest 
in Tokens 

0 0 0 
100 10 110 
200 20 220 
300 30 330 
400 40 440 
500 50 550 
600 60 660 
700 70 770 
800 80 880 
900 90 990 

1000 100 1100 
1100 110 1210 
1200 120 1320 
1300 130 1430 
1400 140 1540 
1500 150 1650 
1600 160 1760 
1700 170 1870 
1800 180 1980 
1900 190 2090 
2000 200 2200 

      
3000 300 3300 

      
4000 400 4400 

      
5000 500 5500 

      
6000 600 6600 

      
7000 700 7700 

      
8000 800 8800 

      
9000 900 9900 

      
10000 1000 11000 

        

Interest (in Tokens)=0.1*Tokens Saved   



 

 

 

Figure 3: Token You are Given by Period 

 

 

Figure 2: Token Conversions and Money Earned 



Record Sheet  Part 2    Player ID ________       Age ______      Sex(Circle)     F     M 

Sequence Period 

Initial Total 
Tokens at the 
Start of this 
Period 

Number of 
Tokens You 
Converted 
this Period 

Number of 
Tokens You 
Saved this 
Period 

Money 
Earned for 
this Period 

Cumulative 
Money 
Earnings as 
of this Period 

1 1           
1 2           
1 3           
1 4           
1 5           
1 6           
1 7           
1 8           
1 9           
1 10           
1 11           
1 12           
1 13           
1 14           
1 15           
1 16           
1 17           
1 18           
1 19           
1 20           
1 21           
1 22           
1 23           
1 24           
1 25           

 

 

 

 

 

 



Record Sheet Part 2   Player ID ________       Age ______      Sex(Circle)       F     M 

Sequence Period 

Initial Total 
Tokens at the 
Start of this 
Period 

Number of 
Tokens You 
Converted 
this Period 

Number of 
Tokens You 
Saved this 
Period 

Money 
Earned for 
this Period 

Cumulative 
Money 
Earnings as 
of this Period 

2 1           
2 2           
2 3           
2 4           
2 5           
2 6           
2 7           
2 8           
2 9           
2 10           
2 11           
2 12           
2 13           
2 14           
2 15           
2 16           
2 17           
2 18           
2 19           
2 20           
2 21           
2 22           
2 23           
2 24           
2 25           

 

 



(a) Decision

(b) Results

Figure A.1: Screenshots in the experiment

B Tables and Figures of Interest

In this section, we include a few tables and figures that clarify and elaborate upon various aspects of our
experiment and analysis. Figure B.1 illustrates the endowment processes for four different treatments;
Figure B.2 plots the deviation of consumption and assets from the optimal path by treatment and by
sequence. Figures B.3-B.8 report the fitness of the behavioral model with the data for sequences two to four.

59



Table B.1: Numbers of observations and average earnings by treatment and by sequence

Panel A: Number of observations
T1 T2 T3 T4

S1 27 31 26 26
S2 27 31 26 26
S3 31 27 26 26
S4 31 27 26 26
Panel B: Average Earnings

T1 T2 T3 T4
S1 $7.90 $8.44 $8.17 $8.71
S2 $8.48 $8.59 $8.93 $8.86
S3 $8.83 $8.87 $8.19 $8.96
S4 $8.82 $8.71 $8.76 $9.01

Notes: In each panel, the cell for row i and column j reports the number for sequence i and treatment j.
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(b) T2
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5 10 15 20 25
−100

0

100

200

300

400

500

600

E
n

d
o

w
m

e
n

t 
in

c
o

m
e

Period
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Figure B.1: Endowment income by period
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(a) Consumption
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(b) Assets

Figure B.2: Average deviation from the optimal path
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(a) T1 (b) T2

(c) T3 (d) T4

Figure B.3: Average consumption by period in sequence 2
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(a) T1 (b) T2

(c) T3 (d) T4

Figure B.4: Average assets by period in sequence 2
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(a) T1 (b) T2

(c) T3 (d) T4

Figure B.5: Average consumption by period in sequence 3
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(a) T1 (b) T2

(c) T3 (d) T4

Figure B.6: Average assets by period in sequence 3

66



(a) T1 (b) T2

(c) T3 (d) T4

Figure B.7: Average consumption by period in sequence 4
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(a) T1 (b) T2

(c) T3 (d) T4

Figure B.8: Average assets by period in sequence 4
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