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1 Introduction

There is a common notion that many people save too little for retirement (Canada: Hamilton,

2015; United States: Chien and Morris, 2018). Fueling this perception is the fact that savings rates

overall have sharply declined in the United States since the 1980’s (Browning and Lusardi, 1996).

Choice architects have stepped into the void to design institutional environments in such a way

that saving more is made easier, given predictable biases that exist in decision-making (Thaler and

Sunstein, 2008). The main principles behind nudging retirement savings essentially involve default

options: the availability of a payroll deduction plan, automatic enrollment into the plan, default

investment options, and automatic escalation of the amount saved over time (Benartzi and Thaler,

2013). Taken together, these principles increase saving.

However, it is not necessarily clear that people under-save for their retirement when life cycle

consumption is carefully analyzed. For example, Banks, Blundell, and Tanner (1998) examine

the “retirement savings puzzle” through the lens of the life cycle model in the UK. They find that

accounting for labor market status and the components of consumption at retirement removes most

of the difference between actual and predicted consumption over the life cycle, with the exception

of a large dip in consumption in the early-mid sixties. Li, Shi and Wu (2015) find a similar and

stronger result for China, as do Aguil, Attanasio, and Meghir (2011) and Scholz, Seshadri, and

Khitatrakun (2006) for the United States.

We know that nudging causes people so save more, but we cannot be sure how much an individ-

ual should save in real life, thus the question we ask in this paper is whether nudge induces people

to save better. This is a difficult question to answer in the field for at least two reasons. First, there

is much relevant information available to the saver but not to the econometrician. Optimal savings

depends on unobserved time and risk preferences, and many reasons to save can be complimentary

(for example, retirement savings can be used for precautionary reasons). Second, measurement

error makes observing both savings and (equivalently for this purpose) consumption difficult.

This paper reports results from an on-line economics decision-making experiment on retirement

saving. The experiment eliminates much of the first difficulty by presenting an experimental design

that induces consumption smoothing over the life-cycle with a utility function; it separates the

precautionary savings motive from the retirement savings motive; it presents a finite game with



no issue of time preference; and it makes the distribution of lifetime income clear and constant. It

eliminates the second difficulty with field studies by presenting an environment where income and

consumption are precisely known, and where their difference is exactly savings.

Our on-line experiment consists of two basic games. In the first game, participants, who are

heads of households likely to be in the savings portion of their life-cycle, make decisions in a twenty-

period game. In each period there is a constant and independent 50/50 chance of earning either a

high or a low income. Participants realize their income and then choose how much to consume and

how much to spend. The consumption is turned into cash earnings for experiment participation

through a CRRA utility function inducing the motive to smooth. The savings motive in this game

is precautionary.

In the second game we add five no-income periods to the end of the precautionary game and call

this the retirement period. Everything else is the same in this twenty-five period game. The savings

motives in this game are both precautionary and retirement. Note that the difference between the

two games is retirement savings.

To test the effect of nudging, we automatically place 0% or 20% of pay into savings at the

beginning of each period. The 0% contribution is intended to be the treatment without nudge. The

20% treatment nudges on average about right, and follows the prescription for a nudge through

automatic enrollment. Note that the constant savings rule that results from the nudge is not

optimal, as the optimal rule is a function of cash in hand and the period. Thus, there is scope for

improving the choice after experiencing the nudge.

Our precautionary savings game is similar to Ballinger, Palumbo and Wilcox (2003) and

Ballinger, Hudson, Karkovlata and Wilcox (2011) who reported results from social learning and

cognitive ability on the precautionary game respectively. More broadly, Hey and Dardanoni (1988),

Carbone and Hey (2004) and Carbone (2006) document heterogeneity in behavior in savings games.

Taking a step back from the precautionary model, Carbone and Duffy (2014) report results from a

deterministic life-cycle consumption optimization problem, and Brown, Zhikang, Chua and Camerer

(2009) test for explanations for under-saving in life-cycle models. Our experiment adds the retire-

ment savings motive to the precautionary game. We are not aware of an experiment that tests

nudge in this environment.

We find that participants are able to smooth consumption with savings, both for precautionary
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and retirement purposes, however, not to the degree predicted by theory. Surprisingly, we find

no aggregate statistical difference in savings behavior when participants are nudged. Not only was

aggregate behavior nearly indistinguishable between experimental treatments, but on a deeper level

we inferred essentially identical distributions of decision rules in each treatment. This surprising

result underscores the unpredictability of the effect of nudging human behavior.

We introduce the experimental design in the next section, followed by experimental procedures,

results, and the conclusion.

2 Experimental Design

2.1 The Model

The basic model is a finite time forward-looking intertemporal consumption problem, with an

uncertain income in each period, and an incentive to smooth consumption (Ballinger et al., 2003).

There is both a precautionary savings version and a retirement savings version of the game.

In the twenty-period precautionary savings game, the income stream is given by y = (y1, y2, .....y20),

where each yt takes on a low or a high value with equal probability at the beginning of each period.

The decision in each period is simply how much money to save and how much to use for consump-

tion, where the precautionary savings motive is induced by an incentive to smooth consumption

over the lifespan. For simplicity the agent cannot borrow and does not earn interest on savings. In

the twenty-five period retirement savings problem, all parameters are identical, but an additional

five periods corresponding to retirement are added such that y21 = y22 = ... = y25 = $0.

Let the instantaneous utility of consumption in period t be u(ct), the accumulated asset at the

beginning of period t be At and the uncertain labour income realized at the beginning of each

period be yt. In general utility is discounted at a constant rate β. During the T period life cycle

the agent’s objective is to choose cs at each period s = 1, 2, 3, ....., T to maximize the expected sum

of discounted utility :

Es

T∑
t=s

β(t−s)u(ct)

subject to the intertemporal budget constraint

At+1 = At + yt − ct
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where

At ≥ 0 ∀t.

Utility in period t is given by a CRRA utility function, where the convex marginal utility along

with a strict borrowing constraint creates a precautionary savings motive:

u(ct) = k + θ
(ct + ε)(1−σ)

1− σ
.

As in Ballinger et al. (2003) the utility function has several parameters: ε is a flow of consumption

that is independent of ct, σ is the coefficient of relative risk aversion, and k and θ are scaling

parameters needed to simulate the model in the laboratory. Note also that utility is scaled by an

exchange rate of 0.16 to scale the experimental cash earnings in currency.

In this finite horizon model, the optimal consumption rule is a function of “cash-in-hand”,

Xt = At + yt, and time, which can be denoted by c∗(Xt, t, T ).1 In fact, the relationship between

consumption and cash-in-hand is not a constant fraction in any certain period. Roughly speaking,

the marginal propensity to save is increasing in cash in-hand (Deaton (1992)), and if the cash-in-

hand goes below a critical value the consumer should spend everything. The optimal policy must be

computed by solving the constrained maximization problem numerically using backward recursion

that starts with finding c∗T , given the terminal value function. Following that step, c∗t for t = T-1:

-1 :1 are derived successively in backward recursive steps (Miranda and Fackler (2002)).

3 Experimental Procedures

In the experiments y(t) took on a value of either $9 or $3 with equal probability, constant and

independent of the previous period, for the first twenty periods of both the precautionary and

the retirement savings games. Participants then decided how much of their cash-in-and to spend

and how much to save. The spending was transformed into consumption (i.e., cash payment for

participation) by a CRRA utility function, and the savings was carried over (without interest) to

the next period.2 The utility function provides the motive to smooth consumption. The retirement

savings game tacked on five extra periods of life with no income. Since the motive is to smooth

1 When the horizon is infinite the optimal consumption rule is a function of cash-in-hand and depends on the
discount factor (Deaton (1992)).

2 We chose the same relative risk aversion parameter as in Ballinger et al. (2003), σ = 3. Note also that the there
is no time discounting, i.e., β = 1.
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Table 1: Experimental Parameters

Pr of low Starting Retirement T
Treatment k θ ε σ Income Income C-In-H Period

Precautionary 10.105 476.19 2.7 3 3 or 9 0.5 6 0 20

Retirement 10.105 476.19 2.7 3 3 or 9 0.5 6 5 25

consumption over the life cycle, this game adds a retirement savings motive to the precautionary

savings game. Table 1 presents a summary of the design parameters of both games.

We drew the income streams before the experiment and presented identical draws to all sub-

jects.3 Figure 1 shows the income history (black dots), the optimal consumption path in the

precautionary savings game (green squares), and the optimal consumption path for the retirement

savings game (red triangles). The figure makes apparent the degree to which savings reduces the

variance induced by the random income stream. Notice also that the addition of the retirement

phase makes it possible to smooth consumption better than under the precautionary regime, even

during working life.

To test the effect of nudging retirement savings, we automatically placed either 0% or 20% of

period income into a savings account at the beginning of each period of the retirement savings game,

before the participant made her savings/consumption decision. A field on the screen showed how

much money was currently in savings. Given the parameters of the experimental design, 20% is,

on average, a close approximation to the the expected savings needed at retirement age to smooth

consumption (it is not, however, an optimal strategy). Thus, every decision was made in deviation

from one of the two automatic savings decisions, one of which is a baseline and one of which is

approximately the right amount to save on average.

The game was played on-line by a total of one-hundred sixty nine participants, between the

ages of twenty-seven and fifty, judged to likely be in the savings portion of their life cycle, in a large

metropolitan area. Seventy-eight received the zero-nudge treatment and ninety-one received the

nudge. After consenting to the study, participants were led through the experimental instructions.

They were given a brief quiz to ensure that they understood the concept of income smoothing.

3 In Tasneem and Warnick (2018), in a more thorough study of the savings game, there were three distinct income
sequences: one income sequence resulted in a majority of high income draws in the first ten periods, one resulted in
a majority of low income draws in the first ten periods, and one resulted in a representative number of high and low
draws in the first ten periods. We used the representative draw for this on-line study.
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Figure 1: Income and Optimal Choice Histories for Precautionary and Retirement Savings Games
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Savings (equivalently, consumption) decisions were made using a slider, which depicted con-

sumption on the left and resulting cash-in-hand on the right. The experimental cash payoff to date

was shown on the screen as the sum of spending decisions, transformed into consumption through

the CRRA utility function. Participants played a minimum of three precautionary savings games

for no pay for practice (they were permitted to play additional practice game if they wished), fol-

lowed by an instruction screen that presented the retirement savings games as identical with the

exception of the five extra periods. They then played a minimum of three retirement savings games

with no pay for practice, followed by the retirement savings game for pay. Participants were paid

in cash the sum of their consumption for the two games they played for pay.

3.1 Behavioral Hypotheses

Since the incentive is to smooth consumption, performance in these games is probably most ap-

propriately measured in terms of consumption variance compared with the variance of the income

stream. However, nudge is not oriented directly towards efficiency, as it is intended to induce more

savings.

Conjecture 1: Nudge increases savings, which indirectly reduces consumption variance.

4 Experimental Results

Table 2 presents participant socio-demographics of our specialized subject pool. The mean age of

the participants was 40.6, and about 60% of participants were male. The modal income range was

$50,000-$74,999 in this large metropolitan area. Nearly all of the participants were employed at the

time of the experiment, and the reported education level was rather high: only about 20% reported

not having completed college (note that college in this context refers to the last year of high school

plus one additional year of education before three years of university). One-third reported having

little savings and a fair amount of debt, while more than 60% of the participants reported having

at least some savings.

Figures 2 and 3 present average consumption, broken out by treatment, over the twenty-period

precautionary savings game and twenty-five period retirement savings game respectively. Both

figures also include the time path of optimal consumption (solid line). Beginning with the pre-
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Table 2: Socio-demographics

Age
Mean 40.6
Standard deviation 5.9

Gender
Male proportion 61.5%
Female proportion 38.5%

Annual income
Less than $25,000 0.6%
$25,000 - $49,999 19.5%
$50,000 - $74,999 44.4%
$75,000 - $99,999 25%
$100,000 - $124,999 8.3%
$125,000 - $149,999 1.8%

Employment status
Employed 95.9%
Unemployed 1.2%
Retired 0.6%
Student 0.6%
Homeworker 1.8%

Education level
Some High-School 1.2%
Completed High-School 11.8%
Some college 6.5%
Completed college 24.9%
Some university 11.8%
Completed undergraduate 20.1%
Some graduate 4.7%
Master’s 16.6%
PhD 2.4%

Financial situation
No savings and significant debt 5.3%
Little savings and a fair amount of debt 32.5%
Some savings and some debt 26.0%
Some savings and little or no debt 26.6%
Significant savings and little or no debt 9.5%

N 169
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Figure 2: Average consumption by nudge treatment - precautionary savings game)

cautionary savings game (Figure 2), in both treatments, participants were able to smooth their

consumption to a significant extent: minimum consumption for a period was approximately $3.5

and maximum consumption was under $8 (recall that income varied beteen $3 and $9). There is

room for improvement, as the optimal consumption path is smoother than the actual paths. And

there is little difference between experimental treatments, as is to be expected. There is no nudge

in the precautionary savings game.

Figure 3 shows that participants were able to improve smoothing in the retirement savings

game, as theory predicts. As with the precautionary savings treatment, there is less smoothing

than with the optimal consumption path. Surprisingly, we see no effect from the nudge of the 20%

savings account. It is almost as if participants are nudging themselves.

To get an alternative look at the same behavior, Figure 4 presents average savings (cash-in-

hand) over time, again separated by treatment, and again including the optimal savings path, in the

retirement savings game. In the early periods, average savings is a bit higher than optimal savings,
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Figure 3: Average consumption by nudge treatment - retirement savings game

10



Figure 4: Average savings by nudge treatment - retirement savings game

appearing as a risk averse strategy. After period 15, aggregate savings falls below optimal, and

retirees are approximately $2.50 poorer on average than they should be. That is roughly one-half

optimal expected savings per period in the game. However one can see that savings closely tracks

optimal, and nudge or not, participants do a rather good job managing their cash-in-hand.

Table 3 presents summary statistics for the behavior presented in the figures. In the table,

variables are listed in the left-most column, optimal values are presented in the second column, then

treatment averages follow in the next two columns, and the p-value from the t-test of the equivalence

of means in the two nudge treatments is located in the right-most column. Multi-period averages

are computed first by averaging across periods within participant, and then averaging those results

across participants.

The first variable examined is average accumulated savings at the end of period twenty. Much of

the literature on the inadequacy of retirement savings focuses on attempts to measure this variable;

in our experiment we know it exactly. In both treatments, participants are more than $2.00 short
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of what they would have if they behaved optimally. Since optimal average consumption is a bit

more than $4.50 per period, participants are lacking approximately half of a periods savings over

the twenty periods of working life for optimal consumption at retirement. We fail to reject the null

hypothesis of equivalent accumulated savings in the two treatments.

We computed an efficiency statistic by dividing the sum of period consumption utility (presented

to the participants as points) by the total utility that would have been obtained from optimal

consumption. Recall that the incentive in the game was to maximize total consumption utility

by smoothing consumption. Thus, optimal efficiency is 1. The table shows efficiency numbers of

0.72 with no nudge and 0.76 with the nudge, and no statistical difference between the two. Below

this statistic we show that, equivalently, there is no significant difference in lifetime consumption

variance.

Table 3: Summary Statistics

No nudge 20% nudge

Variable Optimal
µ1 µ2 t-test p-value

(s.d.) (s.d.) H0: µ1 = µ2

Accumulated Savings at
23.28

20.92 20.63
0.88

End of Round 20 (12.06) (12.25)

Efficiency 1
0.72 0.76

0.35
(0.31) (0.25)

Standard Deviation of
0.18

1.78 1.68
0.55

Consumption Decisions (1.02) (1.07)

Average Consumption

Periods 1-20 (β1) 4.69
4.8 4.82

0.88
(0.6) (0.61)

Periods 21-25 (β2) 4.66
3.69 3.7

0.98
(2.19) (2.22)

t-test p-value
H0: β1 = β2 0.00*** 0.00***
H0: β1 ≥ β2 0.00*** 0.00***

n 78 91

∗∗∗p<0.01, ∗∗p<0.05, ∗p<0.1.

We can also mimic a standard route of inquiry in field studies by quantifying the drop in living

standard at retirement age. Unlike in field studies, we can see the precise effect of retirement

on consumption in our experiment. The consumption portion of the table shows that average
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consumption during the working phase of the life cycle was about 4.8 per period in both treatments,

which is about 0.1 above optimal. Consumption then dropped to 3.7 per period in retirement, which

was about 1.0 below optimal. In our experiment, retirees experienced a 20% decline in lifestyle

compared with their working lives.

It is surprising that the nudge did not have a discernible effect on aggregate behavior. To

better understand this we inferred decision rules from their actions in the games. Several existing

experimental studies provide evidence with regard to decision rules we might expect in our data,

and we apply the heuristics in Tasneem and Warnick (2018) to our data.

Rule 1: Constant Consumption: This rule is is defined as Ct = k1 + ε1t ∀t 6= T . It tries

to maintain an approximately constant level of consumption except for the final period of the

precautionary treatment, or the last income generating period and later in the retirement treatment.

Rule 2: Constant Savings: This rule is defined as Wt − Ct = k2 + ε2t ∀t 6= T , where Wt is the

cash-in-hand in period t. It tries to maintain an approximately constant level of savings except for

the final period of the precautionary treatment, or the last income generating period and later in

the retirement treatment.

Rule 3: Constant Propensity to Consume: This rule is defined as Ct
Wt

= k3 + ε3t ∀t 6= T . It

tries to maintain an approximately constant propensity to consume from the cash-in-hand except

for the final period of the precautionary treatment, or the last income generating period and later

in the retirement treatment. An important note here is that ε3t is not an error in the consumption

but in the propensity to consume which can be converted to error in consumption.

Rule 4: Constant Consumption Conditional on Income Level: This rule is defined as

Ct = k4,1 + k4,2It + ε4t ∀t 6= T , where It is an indicator variable assuming the value zero if the

subject experiences low income in period t and one if the subject experiences high income in period

t. It tries to spend a particular amount on consumption for each income level.

Rule 5: Cash-in-Hand Optimal Consumption: This rule is defined as Ct = C∗
t + ε5t. It

follows the optimal consumption policy given the cash-in-hand at that period.

Rule 6: Optimal Consumption: This rule is defined as Ct = Cot + ε6t. It follows the optimal

consumption policy.

We infer a rule for each participant on the their choice data in the paid retirement savings

game. We compute the likelihood score of each rule, and simply take the best one in each case.

13



Figure 5: Decision rules by nudge

The results of the estimation are presented in Figure 5.

Figure 5 shows the distribution of the inferred rules for both experimental treatments. The left

half of the figure presents the results for no nudge, and the right half presents the results for the

20% nudge. The result is rather strong: all three “constant consumption” rules are strongly inferred

in the data, with modal constant consumption conditional on income rules in both cases. There

is very little optimal behavior inferred from this exercise, and constant savings is also basically a

no-show.

Further, a Fisher’s exact test shows that there is no significant relationship between decision

rules and presence of the nudge (p-value = 0.831). These results imply that the organic behavior in

this game looks like a nudge on a fairly deep level. Nudging savers for retirement simply replaced

their natural decision-making.

This study raises two questions. First, what level of a nudge would affect behavior? We think

it is important to show that nudges may have no effect, and our result emphasizes the need for
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nudges that are strong enough to raise savings levels. However at some point, a nudge will kick in,

and we address this question in subsequent work.

Second, why did participants in this study lose significant lifestyle to retirement, when at least

four recent empirical studies cast doubt on the “retirement savings puzzle”? This also warrants

further study. It is possible that the income distribution, while chosen for simplicity of exposition,

may be more difficult to handle than real-life income distributions. It is also possible that people

receive good advice, and that pension and benefits programs make the decision easier in real life.

In any event, our study enables the exploration of this question.

5 Conclusion

We reported results from an economics experiment that examined the effect of nudging retirement

savings decisions. In the experiments, participants made decisions in a retirement savings game, in

which income during working years was uncertain. Participants were nudged with automatic savings

in each period of the game. We found that that the nudge simply replaced natural decision-making

in this experiment, even to the extent that it resulted in the nearly identical inferred decision rules.

This surprising result suggests that the effect of a nudge may be more difficult to measure than

thought. We nudged participants roughly on average correctly for this game, though the nudge was

far from the optimal strategy in the game. Not only was the resulting aggregate behavior nearly

indistinguishable between experimental treatments, but on a deeper level we inferred essentially

identical distributions of decision rules in each treatment. Our expectation was that a positive

nudge of that magnitude would have a positive effect on savings.

Our study, while establishing how people who are in the savings portion of their lifecycle play

the retirement savings game, raises at least two questions. First, what level of a nudge would

have a positive effect on savings, or better, what is the optimal nudge? Second, why did we see a

“retirement savings puzzle” in this study when at least four recent studies fail to do so with field

data. There are numerous candidate answers, including the availability of financial advice, the

possible simplification of the problem due to government pensions and health benefits, or possibly

unintended difficulties with the 50/50 income distribution which is easy to understand but not a

metaphor for real life expected income streams. It is also possible that there exists an undetected
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puzzle in the field data. With this foundation completed, we can go on to address this important

question.
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