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Abstract

Poor individuals often exhibit higher discount rates than richer individuals, and neg-
ative income shocks have been linked to increases in discounting. However, it remains
unknown whether this effect is causal, and whether is due to beliefs or preferences:
increases in discount rates in poverty or after negative income shocks could either be
due to (beliefs about) more severe environmental constraints in contexts of poverty,
or to direct effects of poverty or income shocks on preferences. Here we address these
questions in a laboratory experiment in which subjects receive different starting en-
dowments which create “rich” and “poor” groups. All participants then perform a real
effort task to earn money, following which subgroups of participants receive positive
and negative income shocks. Subsequently we measure discount rates, effort provision,
social preferences, reservation wages, and psychological outcomes. We find that nega-
tive income shocks lead to an increase in time discounting. In contrast, positive income
shocks weakly decrease discount rates. Discount rates are not affected by mean levels
of wealth (“rich” vs. “poor”). The effect of negative income shocks on the discount
rate is specific to short-run discounting, i.e. negative income shocks increase decreas-
ing impatience. No strong effects were found on effort provision, social preferences,
reservation wages, and psychological outcomes. Together, these findings suggest that
income shocks have a direct causal effect on discount rates that is not explained by
wealth levels.
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1 Introduction

Both empirically and theoretically, poverty has been linked to present-focused discount rates
(see literature review below). However, it remains unknown to what extent this relationship
is causal; in addition, it is unknown whether an effect of poverty on discount rates is due to
beliefs about environmental constraints, or changes in preferences. Evidence exists for both
views. In favor of the former hypothesis, it has frequently been argued that high rates of
time discounting may be entirely rational in conditions of poverty – e.g., Becker & Mulligan
(1997) show how existing economic conditions such as wealth, and environmental influences
such as mortality and risk, can endogenously lead to behavior that looks like impatience.
Others have argued that market imperfections, e.g. in insurance and credit markets, are
responsible for behavior that resembles high rates of time discounting in poor countries,
since they may imply that investments with immediate fixed costs and delayed benefits
are less attractive than immediate-return investments (Banerjee, 2001; Holden et al., 1998;
Pagiola, 1996, Shiferaw & Holden, 2001; Bernard et al., 2011). Similarly, present-focused
decisions may be rational if returns to investment are low, which has also been argued to
be the case in developing countries (Rosenzweig, 1995; van Walle, 2003). Present-focused
behavior among the poor may also occur if people are severely calorie-constrained and close
to subsistence (Murphree, 1993; Bardhan, 1996; Lumley, 1997; Dasgupta, 1997). Finally,
Rachid (2012) has recently argued that the poor may show present-focued discount rates
in order to avoid thinking about their typically gloomy future. Endogenous discount rates
may have significant long-run consequences: Strulik (2011) argued that such endogenous
discount rates can account for the growth paths taken by many countries better than the
standard Ramsey model, and Chakrabarty (2011) suggested that they can create poverty
traps. However, it could also be the case that conditions of poverty also affect discount rates
directly, above and beyond a rational response to environmental conditions. A number of
authors have suggested that environments of poverty may have direct impacts on preferences
(Bertrand et al., 2004; Hall, 2008). Here we present evidence for this view; specifically, we
show that negative income shocks – a salient feature of the lives of many of the world’s
poorest people – increase discount rates, and particularly decreasing impatience (Epper et
al., 2001; Prelec, 2004). Because of the difficulty of studying income shocks while holding
constant wealth, this paper takes a laboratory approach, which allows to study the effect
of shocks while holding constant individual wealth by a) random assignment to treatment
condition, and b) comparison of an income shock group to a control group with the same
absolute wealth level.
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Poverty and Discount Rates

Numerous papers document empirically that a relationship exists between discount rates
and poverty. In one of the earliest studies of this kind, Hausman (1979) found that poorer
households had higher discount rates than richer households. Lawrance (1991) estimated
discount rates from Euler equations in a panel of US households, and oconfirmed this finding.
Similar results were found by Sullivan (2011), who report weak evidence in a sample from
China that households with lower wealth have higher discount rates. Pender &Walker (1990)
elicited discount rates from Indian peasants, and found that they were significantly predicted
by the wealth of the participants, again with wealthier subjects exhibiting less discounting.
Similar results were found by Yesuf & Bluffstone (2008), who elicited discount rates from
262 households in rural Ethiopia and found that these were significantly negatively correlatd
with wealth variables such as the amount of land owned, the value of a household’s capital
stock, and, to some degree, the number of oxen owned. Note, however, that a number of
studies show no significant relationship between poverty and discount rates (Cagetti, 2003;
Gourinchas & Parker, 2002; Stephens & Krupka, 2006; Ogaki & Atkeson, 1997).

The findings summarized above suggest that may be at least a correlational inverse
relationship between discount rates and poverty. To test the causal role of poverty in affecting
decision-making, Tanaka et al. (2010) elicited time preferences from 181 individuals in
Vietnam and fit a number of discounting models to the data. They find that income is
negatively related exponential discounting; interestingly and in contrast to our findings,
no such relationship is evident for hyperbolic discounting, which loosely corresponds to
the measure of decreasing impatience we use here (Epper et al., 2011; Prelec, 2004). A
particularly elegant feature of this study is the use of rainfall as an instrumental variable for
income: the negative relationship between exponential (but not hyperbolic) discounting and
income persists when income is instrumented using the exogenous rainfall data, and thereby
establishes a causal channel from low income to high discounting. A similar approach was
taken by di Falco et al. (2011), who found in a sample of 1237 households in rural Ethiopia
that income shocks caused by severe droughts led to increases in the rate of time preference.
Note, however, that it is not possible in these settings to disentangle the income effect of the
shock from any psychological effects of the shock itself; i.e., increased rates of time preference
after a shock may be entirely rational responses to the changed economic circumstances,
rather than a genuine change in preferences.

In a study related to ours, Spears (2010) randomly assigned poor participants in India
to one of four conditions: they could either be rich or poor, in the sense that they received
either two (rich) or one (poor) good from a choice set of three options. In addition, each
participant could either be in a “choice” or a “no choice” condition, where the former meant
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that participants could choose which item(s) from the choice set they wanted to receive,
whereas in the latter case the items were randomly assigned. Spears then asked participants
to perform two tasks that are frequently used to measure cognitive control: squeezing two
handlebars for as long as possible, and performing a “Stroop”-type task. In this task, par-
ticipants have to name the number of items in a display, which, confusingly, are numbers
themselves; thus, a display might be “3 3”, in which case the correct answer would be “two”
since there are two items in the display. Spears found that participants performed worse on
the two cognitive-control tasks if they had been randomly assigned to both the poor and the
choice conditions. Thus, requiring people to make a choice appeared to deplete cognitive
control, but this was only true for poor participants. Since cognitive control has frequently
been related to hyperbolic discounting in the psychology literature (Shamosh et al., 2008;
Shamosh & Gray, 2008), the study by Spears (2010) is similar in spirit to ours; however,
note that while Spears focuses on low absolute levels of income, we hold levels constant and
focus instead on negative income shocks. In addition, we measure economic choice rather
than performance in psychological games.

Thus, a number of studies have suggested that conditions of poverty are associated with
increased discount rates. Two questions arise: first, is this relationship causal? Second, is
it due to beliefs about environmental constraints, or changes in preferences? A number of
authors have suggested that environments of poverty may have direct impacts on preferences
(Bertrand et al., 2004; Hall, 2008). Here we present evidence for this view; specifically, we
show that negative income shocks – a salient feature of the lives of many of the world’s
poorest people – increase discount rates, holding constant absolute levels of wealth. Because
of the difficulty of studying income shocks while holding wealth constants, this paper takes a
laboratory approach, which allows to study the effect of shocks while controlling individual
wealth by a) random assignment to treatment condition, and b) comparison of an income
shock group to a control group with the same absolute wealth level.

Emotion and Discount Rates

Our paper is related to the literature that studies the effect of emotions on discount rates:
if negative income shocks affect participants’ affect, any effects on discount rates may be
mediated by this channel. Indeed, emotions can have strong influences on discount rates;
Loewenstein (1996, 2000) points out that in the presence of visceral factors such as rage,
people sometimes exhibit extreme discounting of future events. Laboratory experiments
that randomly assigned participants to particular emotion induction conditions confirm this
hypothesis. For instance, Raeva et al. (2010) studied the effect of experienced regret on
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discount rates. They induced regret in participants by first letting them choose one of two
lotteries, and then revealing that the other choice would have produced a better outcome.
Control participants only saw the result of their chosen lottery, not that of the alternative,
and thus could not experience regret. After this manipulation, participants completed a dis-
counting task; those participants who had experienced regret had a lower indifference point
for an outcome that was available tomorrow, i.e. were less patient than control subjects.
Conversely, participants who had experienced rejoicing, i.e. their chosen lottery was superior
to the alternative, were more patient than controls. A similar paper by Ifcher & Zarghamee
(AER, forthcoming) showed that positive affect, induced by a video clip of a stand-up co-
median, made participants more patient than a control clip showing nature scenes.

Reference points and Discount Rates

In addition, this paper is also related to the literature on reference-dependent utility and
prior outcomes. However, prior work makes conflicting predictions about the effect of income
shocks on discount rates. On the one hand, existing evidence suggests that people evaluate
options against existing reference points (Kőszegi & Rabin, 2006, 2007). In our experiment,
it is likely that unexpected negative income shocks in our experiment put participants below
the reference point (irrespective of whether that reference point is participants’ own pre-shock
income, or the average income of the group as a whole). Thus, the negative income shock
should induce a loss frame, while unexpected positive income shocks should put participants
above the reference point, i.e, in a gain frame. In prospect theory, making decisions in the
loss domain is associated with risk-seeking behavior, while the gain domain is associated
with risk aversion1 (Kahneman & Tversky, 1979; Payne et al., 1980; Hershey & Schoemaker,
1980; Hershey et al., 1982; Slovic et al., 1982). Together with the theoretical and empirical
relationship between risk and discount rates, according to which risk aversion induces present-
focused discount rates (Leigh, 1986; Rachlin et al., 1991; Anderhub et al., 2001; Myerson
et al., 2003; Eckel et al., 2004), this literature predicts that negative income shocks should
make subjects risk-seeking and therefore lead to a decrease in the rate of time discounting,
i.e. a preference for delayed outcomes.

On the other hand, the effect of prior losses on subsequent risky choice described by
Thaler & Johnson (1990) makes the opposite prediction. These authors suggest that par-
ticipants may “edit” the options available to them before making a choice; according to the
hedonic editing rule, they do this in such a way as to make the resulting prospects appear
most pleasant. In particular, this rule dictates that gains are segregated (i.e. considered

1Note that risk-seeking in the loss domain has been called into question by recent studies; e.g. Bruhin
et al. (2010), Epper & Fehr-Duda (2012).
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independently from prior outcomes), losses are integrated with prior outcomes. The impli-
cation of this rule is risk aversion after previous losses. Thaler & Johnson present empirical
evidence in favor of this view: prior monetary losses lead to increased risk aversion among
their participants. In the context of the present paper, this finding suggests that negative
income shocks should in fact lead to more present-focused discount rates.

In sum, it remains open to what extent poverty and negative income shocks affect discount
rates. We test here whether positive or negative income shocks, or absolute levels of wealth,
affect discount rates. To this end, subjects receive different starting endowments which
create “rich” and “poor” groups; in addition, all participants then perform a real effort
task to earn money, following which subgroups of participants receive positive and negative
income shocks. Subsequently we measure discount rates. We find that negative income
shocks lead to an increase in discount rates, while positive income shocks lead to a weak
decrease. Discount rates are not affected by persistent levels of wealth (“rich” vs. “poor”).
The effect of negative income shocks on discount rates is specific to decreasing impatience
(Prelec, 1989, 2004). Together, these findings suggest that negative income shocks may
increase discount rates.

2 Methods

Participants

We recruited 148 healthy male participants form the subject pool of the University of Zürich.
Their mean age was 22 ± 2.47 years (mean ± S.D.). We excluded students of economics
and psychology. All participants gave written informed consent and received a show-up fee
of CHF 10, in addition to any earnings from the experimental tasks, as described below. An
experimental session lasted 2h. Participation was resctried to men because we also measured
levels of stress hormones during the experiment, and controlling for ovarian cycle in women
is logistically difficult. The neuroendocrine data are not reported here because no differences
between experimental conditions were found. Participants were German native speakers. To
ensure that they would be able to receive delayed payments, we included only participants
who indicated that they would stay in Zurich at least for the subsequent 12 months.

Procedure

At the beginning of the experiment, each participant was informed about the nature of the
tasks to be performed, as described below. After these instructions, each participant com-
pleted a PANAS questionnaire, which measures positive and negative affect (Watson et al.,
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1988), and five visual analog scales, which asked to what extent participants currently felt
a) stressed, b) in control of their lives, c) optimistic, d) self-confident, e) that the govern-
ment should take responsibility for people’s well-being, rather than individuals themselves.
Participants marked their current feelings on a 10 cm line; responses were coded as between
0 and 100.

Each participant was randomly assigned to one of four treatment conditions, unbeknownst
to them: “always rich”; “always poor”; “negative income shock”; “positive income shock”.
When the experiment began, participants in the “always rich” and “negative income shock”
groups had a high initial endowment of 1000 points; in contrast, the “always poor” and
“positive income shock” groups had a low initial endowment of 100 points. 70 points were
converted into 1 CHF (USD 1.06 at the time of the study) at the end of the experiment and
paid out.

Throughout the experiment, participants were informed of their own current wealth
through bars and numbers on the screen; the size of the bar corresponded to the current
wealth of the participant. In addition, bars were also shown for current maximum wealth,
minimum wealth, and average wealth across all participants within the particular session.
Thus, participants could continually keep track of their own wealth, and its relation to the
wealth of the entire group of participants in their session. Bars were always normalized to
the maximum wealth bar for ease of display.

Tasks

Real effort task Participants then participated in a real effort task for 15 periods, which
resembled that used by Abeler et al. (2009 Abeler Felk Goette Huffman). Each period lasted
2 minutes. The task consisted of counting the number of zeros in a 7 × 5 random table to
zeros and ones, which was presented on the left side of the screen. The right side of the screen
displayed the wealth variables described above – own wealth, and maximum, minimum, and
average wealth of all participants; the purpose of displaying this information even during task
performance was to make own wealth in comparison to that of the entire group as salient
as possible. After counting the zeros in a given table, participants entered their answer in a
text field at the bottom of the screen. The next table was then displayed, without feedback
about performance to minimize learning effects. Participants counted as many tables as they
could within each 2 minute period, and earned 5 points for every correctly counted table.
After each period, the accumulated points from the period were added to the wealth of the
participant and displayed for 20 seconds in the middle of the screen, again also showing
minimum, maximum, and average wealth. After these 20 seconds, the next period began.
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Income shocks Participants played 15 periods of the real effort task, which lasted 35
minutes. After 15 periods of earning income, the two income shock groups received their
income shocks. The timing, magnitude, and direction of these shocks was unanticipated;
however, participants were informed at the beginning of the experiment that they might
experience a sudden change in their wealth levels. Specifically, during the instruction period
at the beginning of the study, participants were told that they might experience a change in
their wealth during the real effort task that they would perform. They were told that they
would experience either exactly zero or exactly one such wealth change, but were not told the
timing, magnitude, or direction of this change. All participants were told that such sudden
changes in wealth levels during the experiment were possible, even those in the “always rich”
and “always poor” conditions; participants in these groups did not receive income shocks after
period 15, nor were they told when the other participants experienced the income shocks.
No justification was given for the income shocks; participants were informed of the shock
through a screen that read “Your income has decreased by x points” or “Your income has
increased by y points”.

The magnitude and direction of the income shock for the “negative income shock” group
was such that the post-shock average wealth of this group was equal to the pre-shock average
wealth of the “always poor” group. Similarly, the magnitude and direction of the income
shock for the “positive income shock” group was such that the post-shock average wealth
of this group was equal to the pre-shock average wealth of the “always rich” group. Put
differently, the two groups switched positions from the “poor” into the “rich” group, and
vice-versa. This allows us to compare the effect of income shocks on economic choice, holding
constant current wealth: comparing the behavior of the “negative income shock” group to the
“always poor” group reveals the effect of a negative income shock, holding constant current
wealth, while comparing the behavior of the “positive income shock” group to the “always
rich” group reveals the effect of a positive income shock, again holding constant current
wealth.

After receiving the income shock, participants were again presented with their updated
wealth and the maximum, minimum, and average wealth across participants. This informa-
tion was displayed for one minute to make their new wealth salient to participants in the
shock groups. Participants then played two more periods of the real effort task; the purpose
of these two periods was again to make participants fully aware of their new wealth situation
and their position relative to others.

After period 17, participants performed the behavioral tasks of interest. The following
sections describe these tasks in greater detail.
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Intertemporal Choice Task Participants performed three blocks of an intertemporal
choice task with varying delays, where decisions between a sooner smaller reward and a
later larger reward were offered. In two of these blocks, subjects had the choice between a
smaller reward tomorrow, and a larger reward in a) 6 months and 1 day, or b) 12 months
and 1 day. The short delay was set to “tomorrow” rather than “today” to keep transaction
costs the same for sooner and later payments. In the third block, subjects chose between a
smaller reward in 6 months and 1 day, and a larger reward in 12 months and 1 day. Each
block consisted of 6 binary choice trials, resulting in a total of 18 trials. The larger reward
was kept constant at an amount of 30 Swiss Francs (CHF), while the sooner smaller reward
started at CHF 15 and was then adjusted with a titration method according to the choices
the subject made. Possible serial correlation and order effects in subjects’ responses were
controlled for by randomizing the order of trials across blocks, i.e. the order in which the
various indifference points were determined. We presented subjects with choices in terms of
CHF instead of points in this task to make the discounting task as distinct as possible from
the effort task, in an effort to be conservative and minimize spillovers across tasks.

Reimbursement consisted of a flat rate of CHF 10 and a variable payment depending on
participants’ choices. In particular, as was explained to the participants at the beginning
of the study, one of all their choices in the time preference task was randomly selected at
the end of the study, and the chosen option on this trial was paid out, i.e., participants
could pick up the chosen amount on the chosen day of delivery, using a voucher valid at
the University cashier’s office. Transaction costs were kept constant by setting the soonest
outcome to “tomorrow”.

Titration is a standard method for identifying discount rates in the discounting literature
(Mazur, 1988; Green & Myerson, 2004; Kable & Glimcher, 2007; Rachlin et al., 1991). The
titration used a bisection algorithm which set the initial small, soon amount for each delay
combination to 50% of the large amount, and then gradually approximated the participant’s
indifference points for the different delay combinations2. The titration procedure lasted for
6 trials at each combination of delays; this means that each indifference point was identified
to a precision of CHF 0.23 (CHF 15 × 0.56), i.e. the initial difference between CHF 15 and

2For each choice of the later reward, the sooner reward was increased by half the difference between it
and 30 CHF; for instance, if a subject chose CHF 30 in 12 months and 1 day over CHF 15 tomorrow, the next
trial would offer the subject a choice between CHF 30 in 12 months and 1 day and CHF 22.50 tomorrow;
if the subject still chose CHF 30 in 12 months and 1 day, the next offer would be CHF 30 in 12 months
and 1 day vs. CHF 26.25 tomorrow, and so on. For each choice of the sooner reward, the sooner reward
was decreased by half of the difference between it and the previously offered soon reward. For instance, if a
subject chose CHF 15 tomorrow over CHF 30 in 12 months and 1 day, the next trial would offer the subject
a choice between CHF 7.50 tomorrow and CHF 30 in 12 months and 1 day; if the subject chose CHF 7.50
tomorrow, the next offer would be CHF 3.75 tomorrow vs. CHF 30 in 12 months and 1 day, and so on.
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CHF 30/ CHF 0 was halved six times). The amount of the sooner reward at the end of this
titration procedure was taken as the indifference point for the particular delay combination,
i.e. the amount of the sooner smaller reward where participants switched between the smaller
sooner and the later larger reward.

This procedure resulted in individual indifference points for each subject, which was then
used as the basis for the computation of discount rates and indices for decreasing impatience
and departures from stationarity, described below. Note that this procedure collapses sub-
jects’ choices in the discounting task into one or two parameters; thus, each subject entered
the statistical analysis only once, i.e. we are not using multiple (non-independent) data
points for each subject.

Calculation of discount rates For every subject and every delay level, we determined
the amount at which a subject was indifferent between the earlier and the later option based
on the individual indifference points (see above). This allowed us to express the subjective
value of the delayed reward as a fraction of the subjective value of the immediate reward.

In our analysis, we consider the following measures of discounting, following Prelec (2004)
and Epper et al. (2011). First, we use the indifference points themselves as outcome variables;
these represent simply the subjective value of CHF 30 at a particular timepoint, as seen
from an earlier timepoint. We then compute the exponential decay that is implied by each
indifference point, separately for the 3 indifference points. For each participant i and each
delay combination (t1 = 0, t2 = 6), (t1 = 0, t2 = 12), and (t1 = 6, t2 = 12), and the amount
of the larger, later payment, x2:

x1 = exp

(
−δt1,t2

t2 − t1
12

)
x2.

This implies:

δt1,t2 = − 12

t2 − t1
ln
x1
x2
.

Next, we compute an index for decreasing impatience by taking the following difference:

∆DI = δ0,6 − δ0,12.

Further, we compute an index for departures from stationarity:

∆DS = δ0,6 − δ6,12.

The intuition for these indices is as follows: first, decreasing impatience implies less discount-
ing over a long time horizon than a short time horizon; in our case, decreasing impatience
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would predict a smaller annualized discount rate over a time horizon of 12 months compared
to 6 months. The index ∆DI captures this difference; it is larger when subjects discount
more over a short time horizon (6 months) than over a longer time horizon (12 months).
Similarly, a departure from stationarity implies less discounting over a period of 6 months
when that period occurs in the distant future compared to when it occurs in the near future;
in our case, a departure from stationarity would predict less discounting between 6 months
and 12 months than between tomorrow and 6 months. The variable ∆DS measures this
difference, with larger values implying a greater difference between discounting in the near
vs. the distant future, and hence a greater departure from stationarity.

Social Preference Task We further investigated whether and to what extent income
shocks affected participants’ social preferences; for instance, participants who had experi-
enced a negative income shock might be less prosocial than others. We employed a modified
version of the Ring Task (Buckley et al., 2001). In this task, participants decide between
two options on each screen; each option contains a payoff to the participant, and a payoff to
a randomly matched other participant. For instance, a particpant might decide between 600
points for themselves and 0 for the other participant, or 550 points for themselves and 230
for the other participant. Participants answered 12 such questions, which are summarized
in Table 1. The social preferences of each participant were summarized by counting the
number of prosocial decisions (0-12) on this task, where a prosocial decision was defined as
one in which the participant chose a larger payoff for the other participant and the cost of a
smaller payoff for themselves.

BDM Auction Task We next asked whether the income shocks changed participants’
reservation wage; for instance, might participants who just lost a substantial proportion of
their wealth be more willing to work at a lower wage? We therefore conducted a Becker-
deGroot-Marschak (1964) auction in which participants could bid against the computer on
the opportunity to complete the real effort task for another eight periods. Participants en-
tered their bid into a text field, the computer played the auction immediately, and winning
participants performed the real effort task for another 8 periods, while the remainder of the
subjects waited until they had completed the experiment. The advantage of this type of auc-
tion is that it is incentive-compatible and elicits subjects’ true willingness to pay for playing
a further eight periods. The computer bid was randomly drawn from a uniform distribution
between 0 and the expected earnings from a further 8 periods of play, based on performance
of each subject in the first 15 periods of the real effort task. If participants’ willingness
exceeded the computer bid, they could perform the real effort task for the remaining 8 peri-
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ods. At the end of the study, participants completed another PANAS questionnaire and five
visual-analog scales (see above). Finally, they completed a socioeconomic questionnaire and
the Barratt Impulsiveness Scale (Patton et al., 1995), and were paid and excused.

Econometric specifications

The effect of negative income shocks on the outcome variables was assessed using OLS
regressions of the following form:

yi = β0 +β1NEGATIVE SHOCKi +β2POSITIVE SHOCKi +β2ALWAYS RICHi + γXi + εi

(1)
where yi are the outcome variables decsribed above, NEGATIVE SHOCKi, POSITIVE SHOCKi,
and ALWAYS RICHi are dummy variables indicating whether subject i was in the “negative
income shock”, the “positive income shock”, or “always rich” group. The omitted category is
the “always poor” condition. Xi is a vector of control variables which include yearly family
income, a dummy for being currently in debt, and a dummy for being employed. εi is the
error term.

3 Results

Effect of Income Shocks and Income Differences on Discount Rates

To ascertain that the income shock manipulations worked as intended, we first report the
evolution of wealth levels while performing the real effort task. The “always rich” and
“negative income shock” groups started the experiment with an endowment of 1000 points
(CHF 14.28); during the first 15 periods, the average wealth level in these two groups grew
to 1948.38 ± 28.60 (mean ± SEM) points, with no significant difference between groups (as
is expected, since the groups were identical up to that point; always rich: 1923.78 ± 39.25;
negative income shock: 1972.97± 41.75; t = −0.86, p = 0.394). Similarly, the “always poor”
and “positive income shock” groups started the experiment with an endowment of 100 points
(CHF 1.43); during the first 15 periods, the average wealth level in these two groups grew
to 1029.46 ± 27.17 points, again with no significant difference between the groups (always
poor: 1057.30 ± 44.97; positive income shock: 1001.62 ± 30.48; t = −1.02, p = 0.309). The
magnitude and direction of the income shock was −918.92 ± 5.84 for the “negative income
shock” group, and +918.92 ± 5.84 for the “positive income shock” group. Note that these
shocks are equal in magnitude and opposite in sign by design, since the two groups simply
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switched positions; i.e., each participant in the “negative income shock” group lost the same
number of points, and each participant in the “positive income shock” group gained the same
number of points. The non-zero variance of the income shocks stems from the fact that the
pre-shock difference between the groups differed somewhat across experimental sessions. In
sum, the real effort task and the experimental manipulation of wealth levels through income
shocks worked as intended. Figure [fig:inc_shock] shows the evolution of wealth levels as
a function of period throughout the experiment; it can be seen that the post-shock wealth
levels match exactly those of the “always rich” and “always poor” groups, respectively.

The main question of this study was whether income shocks affect discount rates, while
wealth levels are held constant. Our design allows us to test this hypothesis as follows: first,
comparing the “negative income shock” group to the “always poor” group after the income
shock identifies the effect of negative income shocks on discount rates; second, comparing the
“positive income shock” group to the “always rich” group after the income shock identifies
the effect of positive income shocks. Crucially, the two groups being compared have identical
wealth levels after the income shock, thus enabling us to compare the effect of income shocks
on preferences without confounds from different wealth levels.

Descriptive statistics of the dependent measures by treatment group are shown in Table
4, and results from estimating equation 1 with our different measures of discounting as
outcome variables are shown in Table ??. It can be seen that participants in the “negative
income shock” group exhibit greater post-shock discounting than participants in the “always
poor” group. Specifically, the mean indifference point between tomorrow and 6 months and
one day, the annualized discount rate over this time horizon, and the index for decreasing
impatience in this group differ significantly from the “always poor” group, in the direction of
greater discounting. Crucially, the wealth levels of these two groups are identical at the time
of testing, and thus any differences in discounting must be attributed to the negative income
shock per se, rather than to wealth differences. This effect constitutes a selective increase
in decreasing impatience: discounting is increased over short time horizons (tomorrow vs.
6 months and 1 day), but not longer time horizons (tomorrow vs. 12 months and 1 day)
or time periods in the future (6 months vs. 12 months and 1 day). This is reflected in the
selective effect on the mean indifference point and discount rate between tomorrow and 6
months and one day, but not between tomorrow and 12 months and one day, or 6 months
and one day and 12 months and one day; accordingly, we find a significant effect of negative
income shocks on the index of decreasing impatience.

Is this effect of income shocks on discount rates specific to negative income shocks, or does
it also obtain for positive income shocks? The crucial comparison to address this question
is between the “always rich” and “positive shock” groups, since the participants in these
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groups have identical wealth levels at the time when discount rates are elicited. Table ??
shows an F -test comparing the coefficients on the ALWAYS RICH and POSITIVE SHOCK
dummies on our measures of discounting. We find that positive income shocks decrease
discounting in the distant future, i.e. participants in the “positive shock” condition have a
higher indifference point and lower annualized discount rate in tradeoffs between 6 months
and one day and 12 months and one day. Thus, discount rates appear to be increased by
negative income shocks, and decreased by positive income shocks.

To assess whether persistent low income affected discount rates, we can compare the
“always poor” and “always rich” groups. In Table ??, this amounts to testing whether the
coefficient on the ALWAYS RICH dummy is significantly different from zero. We find that
indifference points are somewhat lower, and hence discount rates somewhat higher, for the
“always rich” group; however, this effect only reaches significance at the 10% level over the
time horizon 6 months and one day vs. 12 months and one day. We therefore conclude that
persistently low income only weakly affects discount rates.

Effect of Income Shocks and Income Differences on Effort Provision,

Social Preferences, and Reservation Wages

We next asked whether income shocks or income differences also affect effort provision, social
preferences, or reservation wages. Effort provision was measured by the number of correctly
counted tables in Periods 16 and 17, i.e. after the income shock but before the BDM auction.
Social preferences were measured with the Ring Task described above. Reservation wages
were measured with the BDM auction also described above; participants were given the
opportunity to make a bid in a BDM auction on the right to play the real effort task for a
further 8 periods after the end of the behavioral tasks that followed period 17. The bid made
by participants is an incentive-compatible estimate of the true value to each participant of
playing a further 8 periods, and is thus a proxy for the reservation wage of our participants.
The results are shown in Table ??. It can be seen that neither income shocks nor persistent
differences in wealth affected effort provision, social preferences, or reservation wages; we
only observe a weak negative effect of positive income shocks on effort provision, suggesting
that participants who received positive income shocks are less motivated to earn money in
subsequent periods because of the sudden windfall gain.
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Effect of Income Shocks and Income Differences on Psychological

States

Finally, we asked whether the effect of negative income shocks on discount rates might
be mediated through effects of the negative income shock on psychological outcomes. We
therefore computed the after-before difference of participants’ responses on the five visual
analog scale questions, and the after-before differences in positive and negative affect as
measured by the PANAS scale. The VAS questions elicited self-reported stress, locus of
control, optimism, self-esteem, and the degree to which participants thought government
should take responsibility for ensuring welfare. The results of OLS regressions of these
variables on income shocks are shown in Table ??. We observe a weak negative effect of
negative income shocks on self-reported stress. For positive income shocks, we find and
a significant negative effect on self-reported stress levels, along with a weak decrease in
negative affect as measured by PANAS, and a significant increase in optimism. We discuss
these findings further below.

4 Discussion

The purpose of this study was to test whether income shocks affect preferences. It has
already been shown that a correlation exists between income levels and discount rates; in
particular, poor people tend to be more impatient than rich people (Lawrance,1991; Sullivan,
2011; Pender & Walker, 1990; Yesuf & Bluffstone, 2008; but see Cagetti, 2003; Gourinchas
& Parker, 2002; Stephens & Krupka, 2006; Ogaki & Atkeson, 1997). These studies suffer
from the familiar correlation-causality problem: it remains unclear whether poverty actually
causes changes in discount rates; in addition, it is not clear to what extent observed dif-
ferences in discounting behavior actually reflect differences in preferences, or whether they
may instead reflect actual or perceived environmental constraints in conditions of poverty.
The former question has been addressed to some extent by studies using rainfall data as
a source of exogenous variation in income, allowing identification of a causal effect from
wealth to discounting behavior (Tanaka et al., 2010; di Falco et al., 2011). However, the
second problem persists: it remains unclear whether these observed differences in behavior
are reflective of preferences or beliefs. To address this question, we conducted a laboratory
experiment in which subjects receive either positive or negative income shocks; crucially,
after the shock they have the same level of wealth as a control group that did not receive
a shock, allowing a comparison of discount rates across groups which differ only in whether
or not they received a shock, not in their levels of wealth. We find that negative income
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shocks increase discount rates; this effect is only observed over short time horizons, implying
an increase in decreasing impatience (Epper et al., 2011; Prelec et al., 2004). Conversely,
positive income shocks weakly decrease discount rates. Together, these findings suggest that
discount rates are affected by income shocks; persistently low or high incomes do not affect
discounting.

We find no strong effects of income shocks on effort provision, social preferences, and
reservation wages in a BDM auction. In terms of psychological outcomes such as positive
and negative affect, perceived self-control, optimism, self-esteem, and opinions on government
responsibility, we find a weak effect of negative income shocks on self-reported stress, and
of positive income shocks on stress, optimim, and negative affect. The weakly significant
negative effect of negative income shocks on stress (i.e. participants in the “negative income
shock” group showed somewhat lower self-reported levels of stress after than before the shock
in comparison to the control group) is somewhat surprising; it is possible that it may reflect a
coping strategy to deal with the stressful experience of having received a substantial negative
income shock, or that it reflects relief over the resolution of uncertainty that participants
experienced when they received the negative income shock.

Less surprising is the highly significant negative effect of positive income shocks on self-
reported stress and optimism, and the weaker effect on negative affect. These findings are
plausible in light of the fact that subjects are likely to have perceived the positive income
shock as a pleasant event.

Our findings also distinguish between two alternative accounts of the effect of reference
points on time and risk preferences (Kőszegi & Rabin, 2006, 2007). The first of these is
that the negative income shock put participants below their reference point, which was built
up during the real effort task. It has been argued that being below the reference point
induces risk-seeking behavior (Kahneman & Tversky, 1979); this would predict a decrease
in present-focused discount rates because temporally remote outcomes are riskier. Another
account by Thaler & Johnson (1990), in contrast, suggests that prior losses introduce risk-
averse behavior; this effect in turn should induce present-focused discount rates. Our study
therefore contributes to the literature on the effect of reference points on preferences by
showing that the second of these accounts is more plausible.

Together, our findings suggest that negative income shocks have a direct effect on eco-
nomic preferences; in particular, they increase discount rates, and particularly decreasing
impatience. It is widely held that humans exhibit more decreasing impatience than is opti-
mal for their own long-run welfare (Laibson, 1997; Prelec, 2004). The mechanism we present
here suggests a feedback loop that may account for some of this effect. In particular, if falling
into poverty leads to increases in discount rates, then this effect is likely to perpetuate poverty
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by leading to imprudent intertemporal decisions.
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Table 1: Summary of social preference questions
Option A Option B

Question Payoff to self Payoff to other Payoff to self Payoff to other
1 600 0 550 230
2 550 230 420 420
3 420 420 230 550
4 230 550 0 600
5 600 0 450 150
6 450 150 300 300
7 300 300 150 450
8 150 450 0 600
9 600 0 370 50
10 370 50 180 180
11 180 180 50 370
12 50 370 0 600

Notes: Summary of social preference questions. Social preferences were measured with a modified version
of Buckley et al.’s (2001) Ring Task. Participants answered 12 questions, each of which represented a choice
between two options, A and B. Each option contained a payoff for the participant and a payoff for a randomly
matched other participant.
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Figure 1: Cumulative income during real effort tasks, and income shocks
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Notes: Cumulative income during real effort tasks and income shocks. The lines show the mean cumulative
income across periods for each group. In the top panel, the gray line shows the "always poor" group, the
black line the "negative income shock" group and its income shock. In the bottom panel, the gray line shows
the "always rich" group, the black line the "positive income shock" group. The shaded areas indicate 1 SEM.
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Table 2: Summary statistics

Negative shock Positive shock Always rich Always poor

Mean SD Mean SD Mean SD Mean SD

Time preference: indifference points
Tom. vs. 6 months 17.420 (7.919) 20.790 (7.275) 19.269 (7.853) 21.372 (7.153)
Tom. vs. 12 months 15.443 (8.398) 17.673 (7.601) 17.065 (8.899) 17.496 (8.243)
6 months vs. 12 months 22.259 (7.618) 24.413 (5.022) 21.423 (7.826) 23.678 (5.687)

Time preference: discount rates
Tom. vs. 6 months 1.366 (1.174) 0.897 (0.892) 1.102 (1.021) 0.825 (0.839)
Tom. vs. 12 months 0.893 (0.832) 0.643 (0.518) 0.833 (0.979) 0.744 (0.828)
6 months vs. 12 months 0.874 (1.483) 0.465 (0.500) 0.879 (1.050) 0.551 (0.619)

Time preference: indices
Decreasing impatience 0.473 (0.883) 0.254 (0.528) 0.269 (0.737) 0.080 (0.796)
Departure from stationarity 0.492 (1.590) 0.432 (0.844) 0.223 (0.519) 0.274 (0.629)

Effort, social preferences, reservation wage
Correct in periods 16-17 30.811 (14.508) 28.405 (9.785) 33.784 (16.120) 30.892 (14.132)
Social preferences 1.432 (2.128) 1.432 (1.834) 1.297 (2.222) 1.405 (2.327)
Reservation wage 301.730 (284.977) 311.595 (209.789) 333.676 (298.234) 274.649 (201.927)

Psychological outcomes
Stress 8.382 (23.211) 0.091 (22.156) 11.257 (20.682) 18.086 (24.827)
Locus of control −1.735 (17.228) 0.303 (12.890) 0.114 (15.697) −5.657 (17.083)
Optimism −7.853 (17.005) 3.030 (17.187) −1.143 (18.435) −6.057 (19.969)
Self-esteem 2.382 (12.429) 3.515 (16.782) −1.829 (14.074) −1.257 (17.090)
Government responsibility −0.059 (10.456) −2.030 (6.361) 0.057 (8.189) −1.457 (12.955)
PANAS (positive) −0.315 (0.632) −0.119 (0.722) −0.126 (0.686) −0.066 (0.798)
PANAS (negative) 0.278 (0.407) 0.008 (0.274) 0.118 (0.329) 0.192 (0.482)

Notes: Summary statistics. The columns shown means and standard errors of our variables of interest, separately for the "negative income
shock", "positive income shock", "always rich", and "always poor" conditions. The variables of interest are described in detail in the text.
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Table 3: Effect of income shocks on discount rates

Indifference points Discount rates Indices

(1) (2) (3) (4) (5) (6) (7) (8)
Tom.
vs.

6 months

Tom.
vs.

12 months

6 months
vs.

12 months

Tom.
vs.

6 months

Tom.
vs.

12 months

6 months
vs.

12 months

Decreasing
impatience

Departure
from

stationarity

Negative shock −3.953∗∗ −1.991 −1.292 0.546∗∗ 0.165 0.326 0.382∗ 0.221
(1.795) (2.001) (1.561) (0.247) (0.205) (0.284) (0.199) (0.310)

Positive shock −0.764 −0.107 0.881 0.099 −0.088 −0.110 0.187 0.209
(1.700) (1.861) (1.253) (0.207) (0.168) (0.135) (0.163) (0.179)

Always rich −2.211 −0.552 −2.333 0.289 0.097 0.336∗ 0.192 −0.047
(1.738) (2.014) (1.548) (0.218) (0.214) (0.196) (0.182) (0.135)

Constant 16.829∗∗∗ 12.554∗∗ 21.774∗∗∗ 1.234∗∗ 0.790∗∗ 0.539 0.444 0.695
(4.155) (4.915) (4.016) (0.516) (0.396) (0.542) (0.326) (0.580)

Controls Yes Yes Yes Yes Yes Yes Yes Yes

F-tests (p-values)
Negative vs. 3.095∗ 0.980 2.010 3.205∗ 2.115 2.395 1.153 0.001
positive shock (0.081) (0.324) (0.158) (0.076) (0.148) (0.124) (0.285) (0.970)
Negative shock vs. 0.894 0.489 0.368 0.965 0.097 0.001 0.922 0.777
Always rich (0.346) (0.486) (0.545) (0.328) (0.755) (0.974) (0.339) (0.380)
Positive shock vs. 0.671 0.052 4.628∗∗ 0.701 0.990 5.566∗∗ 0.001 2.414
Always rich (0.414) (0.819) (0.033) (0.404) (0.321) (0.020) (0.973) (0.123)

Observations 148 148 148 148 148 148 148 148
R2 0.071 0.040 0.089 0.061 0.029 0.074 0.042 0.039

Notes: Effect of income shocks on discount rates, OLS regressions. The dependent variables are different measures of discounting; in particular,
indifference points (columns (1)-(3)), discount rates (columns (4)-(6)), the measure for decreasing impatience (column (5)), and the measure for
departures from stationarity (column (6)). The independent variables are dummies for (1) receiving positive income shocks, (2) negative income
shocks, and (3) receiving a large endowment at the beginning of the experiment. The ommited category is the "always poor" condition. Control
variables include family income, a dummy for being employed, and a dummy for being currently in debt. White-robust standard errors in parentheses.
*** p<0.01, ** p<0.05, * p<0.1.
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Table 4: Effect of income shocks on effort provi-
sion, social preferences, and reservation wages

(1) (2) (3)
Correct

in
Periods
16-17

Social
preferences

Reservation
wage

Negative shock 0.087 0.012 47.072
(3.390) (0.529) (60.786)

Positive shock −2.066 0.079 56.758
(2.863) (0.478) (47.994)

Always rich 2.998 −0.081 59.935
(3.581) (0.527) (56.890)

Constant 30.747∗∗∗ 0.854 128.251
(8.896) (1.082) (125.252)

Controls Yes Yes Yes

F-tests (p-values)
Negative vs. 0.511 0.020 0.026
positive shock (0.476) (0.887) (0.873)
Negative shock vs. 0.641 0.034 0.037
Always rich (0.425) (0.855) (0.848)
Positive shock vs. 2.746∗ 0.111 0.003
Always rich (0.100) (0.740) (0.954)

Observations 148 148 148
R2 0.025 0.023 0.065

Notes: Effect of income shocks on effort provision, social preferences,
and reservation wages. The dependent variables are: in column (1), the
number of tables correctly counted in periods 16 and 17, i.e. after the
income shocks but before the other decision-making tasks; in column (2),
social preferences on the SVO task; and in column (3), the reservation
wage for playing another eight periods after period 17, elicited with a
BDM auction. The independent variables are dummies for (1) receiving
positive income shocks, (2) negative income shocks, and (3) receiving
a large endowment at the beginning of the experiment. The ommited
category is the "always poor" condition. Control variables include family
income, a dummy for being employed, and a dummy for being currently
in debt. White-robust standard errors in parentheses. *** p<0.01, **
p<0.05, * p<0.1.
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Table 5: Effect of income shocks on psychological outcomes

(1) (2) (3) (4) (5) (6) (7)

Stress Locus of
control Optimism Self-esteem Government

responsibility
PANAS
(positive)

PANAS
(negative)

Negative shock −10.151∗ 3.923 −1.758 3.267 2.264 −0.245 0.075
(5.967) (4.012) (4.561) (3.645) (2.742) (0.174) (0.102)

Positive shock −19.869∗∗∗ 5.367 9.827∗∗ 4.773 0.082 −0.033 −0.214∗∗

(5.583) (3.907) (4.613) (4.035) (2.407) (0.179) (0.091)
Always rich −7.173 5.600 4.545 −0.749 1.687 −0.061 −0.081

(5.365) (4.009) (4.459) (3.757) (2.587) (0.169) (0.094)
Constant −2.197 −0.303 −2.093 14.036 10.446 0.365 0.009

(19.666) (8.950) (11.505) (9.145) (10.080) (0.461) (0.226)
Controls Yes Yes Yes Yes Yes Yes Yes

F-tests (p-values)
Negative vs. 2.957∗ 0.161 8.156∗∗∗ 0.176 1.075 1.664 12.855∗∗∗

positive shock (0.088) (0.689) (0.005) (0.675) (0.302) (0.199) (0.000)
Negative shock vs. 0.298 0.190 2.324 1.509 0.066 1.341 3.310∗

Always rich (0.586) (0.664) (0.130) (0.222) (0.797) (0.249) (0.071)
Positive shock vs. 6.390∗∗ 0.004 1.594 2.142 0.759 0.031 3.633∗

Always rich (0.013) (0.950) (0.209) (0.146) (0.385) (0.861) (0.059)

Observations 137 137 137 137 137 148 148
R2 0.113 0.036 0.129 0.045 0.065 0.041 0.105

Notes: Effect of income shocks on psychological outcomes, OLS regressions. The dependent variables are measures of different psy-
chological states. In columns (1)-(4), subjects responded to visual analog scales (VAS) on a scale of 1-100 to indicate the degree to
which they felt stressed (column (1)), in control of their life (column (2)), optimistic (column (3)), and self-esteem (column (4)). In
column (5), the dependent variable is agreement with the statement "Government should do more to improve welfare", in opposition
to the statement "People should take more responsibility to ensure that they are taken care of". In columns (6) and (7), the dependent
variables are positive and negative affect, respectively, as measured by the PANAS scale. The independent variables are dummies for (1)
receiving positive income shocks, (2) negative income shocks, and (3) receiving a large endowment at the beginning of the experiment.
The ommited category is the "always poor" condition. Control variables include family income, a dummy for being employed, and a
dummy for being currently in debt. White-robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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