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ABSTRACT

The ultimatum game (UG) is widely used to study human bargaining behavior and fairness norms.
In this game, two players have to agree on how to split a sum of money. The proposer makes an
offer, which the responder can accept or reject. If the responder rejects, neither player gets anything.
The prevailing view is that, beyond self-interest, the desire to equalize both players’ payoffs (i.c.,
fairness) is the crucial motivation in the UG. Based on this view, previous research suggests that
responders follow short-run psychological incentives when imposing fairness through the rejection
of low offers. However, competitive spite, which reflects the desire to reduce others’ payoffs, can
also account for the behavior observed in the UG, and has been linked to short-run, present-oriented
aspirations as well. In this paper, we explore the relationship between individuals’ inter-temporal
preferences and their behavior in a large-scale dual-role UG experiment. We find that impatience
(present orientation) predicts the rejection of low, “unfair” offers as responders and the proposal of
low, “unfair” offers as proposers, which is consistent with spite but inconsistent with fairness
motivations. This behavior systematically reduces the payoffs of those who interact with impatient
individuals. Thus, impatient individuals appear to be keen on reducing their partners’ share of the
pie, even at the risk of destroying it. These findings indicate that competitive spite, rather than
fairness, is the short-run motivation in ultimatum bargaining.

Keywords: ultimatum game; costly punishment; delay discounting; impatience; fairness; spite;
cooperation; competition



Introduction

The ultimatum game (UG) is an economic experimental set-up widely used to study
the nature of human bargaining and the enforcement of fairness norms (1-4). In this game,
the first player (the proposer) proposes how to split a sum of money with the second player
(the responder). The responder can either accept or reject the proposal. If the proposal is
accepted, the “pie” is divided accordingly; if rejected, neither player is paid. Economic
models based on narrow self-interest predict that the responder should accept any positive
offer, at least in non-repeated interactions. By backward induction, the proposer should
offer the smallest positive amount to the responder, who will accept the deal. However,
experimental evidence has consistently contradicted these predictions as responders very

often reject “unfair”, albeit positive offers and most proposers offer “fair”, equal splits (5).

Explaining proposers’ generous offers is straightforward from a strategic viewpoint:
since a low offer will likely be rejected, it is in the proposer’s self-interest to make a high
offer to avoid coming up empty-handed (6, 7). Strategic reasoning does not apply, however,
to responders’ observed behavior if future encounters with the same proposer are unlikely
(otherwise, rejections might be used to encourage higher future offers). Most scholars have
invoked fairness-based rationales for the existence of rejections in one-shot interactions:
people dislike unfairness—defined in either simple forms like mere payoff inequality (8, 9)
or more complex ones like intentional unfairness (“unkindness”) (10, 11). In this vein, the
rejection of a low offer is considered as an act of costly punishment triggered by the
unfairness of the proposal. Therefore, the mainstream view is that the decision making of
both proposers and responders in the one-shot UG relies on a combination of (strategic)
self-interest and fairness-based considerations. Less attention has been paid, however, to
other motivations like (psychological) spite, the “ugly twin” of altruism, as a crucial force
underlying observed behavior in either role of the UG. For a spiteful individual, other
individuals are competitors whose payoffs negatively affect her own utility (e.g., 12, 13;

see ref. 14 for a review of other-regarding preferences models).

Recently, delay discounting (DD) is being used to assess the motivations behind
social behavior (15-17). DD measures individuals’ preferences for smaller-sooner over

larger-later rewards (see reviews in refs. 18-20). If a specific choice involves trading off



short-run and long-run incentives, those individuals who discount the future more heavily
(i.e., present-oriented, impatient individuals with a high rate of DD) would favor the former
over the latter. Outside the field of social behavior, there are many well-studied examples

of how DD influences decision making (e.g., 21-23).

With regards to social behavior, Crockett et al. (16) found that higher DD
(impatience) predicts higher rejection rates in the specific context of the one-shot UG, thus
suggesting that short-run psychological incentives—such as immediate negative emotions
(2, 24) or psychological rewards (25)—underlie the decision to punish unfairness at a
personal cost. Accordingly, promoting long-run material self-interest would require
overriding the immediate impulse to punish violations of fairness norms. Yet other
interpretations are possible. Espin et al. (17) found that high DD is characteristic of free-
riders who pay a cost to punish other free-riders in a one-shot public goods game. Free-
riders’ punishment of other free-riders is considered to be motivated by competitive spite
because it increases the punisher’s relative standing and is hardly reconcilable with the
moralistic, norm-based motives which are assumed to be behind cooperators’ punishment
of free-riders (e.g., 26-28). This finding suggests that competitive, (costly) spiteful behavior
might respond to short-run psychological forces. Moreover, the same study also found a
negative relationship between cooperators’ DD and their willingness to punish free-riders,
indicating that long-run incentives might trigger the moralistic punishment of norm-
violations. As both patient cooperators and impatient free-riders were found to punish those
who free ride, the mere observation of an individual’s punishment behavior is not sufficient
to disentangle whether it has a competitive or normative basis. In the public goods game,

observing the punisher’s cooperation level is also required (27).

Something similar may occur in the UG: looking exclusively at the rejection behavior
of individuals might provide only a partial picture. Since both fairness (normative) and
spiteful (competitive) motives can drive rejections (12, 29, 30), individuals’ behavioral
patterns in the UG should be more broadly analyzed. In light of the findings of Crockett et
al. (16) and Espin et al. (17), a straightforward method is to test whether the “impatient

rejecters” comply or not with the fairness norm.



In this paper, we address this issue by analyzing how individuals’ DD relates to their
behavior in both roles of the UG. If impatient subjects are found to reject low, unfair offers
as responders and to propose high, fair offers as proposers, it can be argued that fairness
goals respond to short-run incentives in the context of the UG. Fair outcomes (either
observed or imposed) have been shown to activate different areas in the neural circuitry of
reward (25, 31, 32; see ref. 33 for a review). Thus, these psychological incentives
associated with fairness might be less delayed or less lasting than the incentives associated
with other outcomes (such as, for instance, earning some money through the acceptance of

a low offer or dominating the other player by means of offering her a low amount).

On the other hand, it is known that the individuals’ payoffs relative to others rather
than in absolute terms are associated with activation in reward areas of the brain (striatum)
when social interactions take place in competitive frameworks (34-36). If these
competition-based hedonic feelings represent short-run incentives in the context of the UG,
we would expect that impatient subjects behave spitefully in both roles in order to reduce
their partners’ payoffs (possibly as an expression of dominance; see ref. 37), that is, they
would reject low offers as responders and make low offers as proposers. This “fight-

seeking” behavior would make them less likely to reach an agreement with their partners.

This same behavior, however, can also be explained by the reduced ability of
individuals to make strategic self-interested choices. That is, it could be that impatience
goes along with a diminished capacity to anticipate that offering a low amount (as a
proposer) will potentially lead to a rejection and that setting a high punishment threshold
(as a responder) means losing potential earnings. In such a case, impatient subjects would
adopt less adaptive strategies, thus earning lower payoffs than the average. Conversely,
spiteful behavior is not aimed at achieving a particular payoff for oneself but instead to
reduce others’ payoffs. Thus, if spite is indeed what underlies the decisions of impatient
subjects, we might observe that it is not the impatient subjects themselves but rather their

interacting partners who end up with low payoffs.

To test these hypotheses we analyze data from a citywide survey-experiment (see ref.
38 for a detailed description) which contains a dual-role UG and a measurement of

participants’ inter-temporal preferences. All participants (N=713 final observations, 386



females) were inhabitants of Granada (Spain)—a representative sample of the city’s adult
population—and made their experimental decisions anonymously from their own
households in the presence of two monitors. Participants’ (mathematical) cognitive
abilities, risk preferences and extensive socio-economic information were also gauged (see

Supporting Information (SI)).

The participants completed two complementary DD subtasks with six decisions each.
The first subtask involved a one-day wait, whereas the second implied a six-month delay.
The inter-temporal preferences elicited over these delays will be referred to hereafter as
short-run and long-run DD, respectively. This will serve us to check whether DD elicited
over different time horizons may result in different associations with behavior (see

Methods).

In the UG, participants made decisions as both proposers and responders in random
order. We therefore obtained the strategy profile for each subject consisting of an offer as
proposer and a minimum acceptable offer (MAQO) as responder. By using a UG task in
which responders state their punishment threshold before learning the actual proposal (in
contrast to the direct-response method; see ref. 39 for a review), we aim to focus on
preference-based explanations of behavior (14), therefore avoiding that a negative
emotional impulse (2, 24, 31) is what triggers impatient responders’ rejections (see

Methods).

Results

Delay discounting and behavior in the ultimatum game

Table 1 presents the estimates of the impact of DD on UG behavioral strategies in
columns (1)-(3). Each cell contains estimates from one separate regression, with the
variable at the top of the column as the dependent variable. In all regressions we control for
socio-demographic variables (age, gender, marital status, household income, and
educational level), cognitive abilities, risk preferences, and order effects in decisions as
possible confounding factors. Robust standard errors are clustered by interviewer. OLS
estimates are shown for comparability of coefficients (other regression methods like Tobit
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or ordered models yield similar main results and are available upon request from the
authors). Darker cells denote significant predictors (p-values in brackets). The complete

regressions can be found in Tables S1-S4.

Different characterizations of DD are presented in rows. The first and second rows
show the effect of short-run and long-run DD, respectively, on the dependent variables. To
capture short- and long-run DD we use the number of impatient responses the individual
made for each delay (from O to 6). In the third row “combined DD” refers to the average of
the above DD measures ([DDs+DDI]/2). To facilitate interpretation, the three
measurements of DD are normalized to the interval [0, 1]. Finally, “highDD vs. lowDD”, in
the fourth row, is a binary variable taking the value 1 if the individual belongs to the top
33% and O if the individual belongs to the bottom 33% of the distribution of “combined
DD”. Observations falling in the central 33% are missing for the analyses shown in the last

row, hence the sample for this last exercise is reduced to 488.

Columns (1), (2), and (3) refer to regressions with the individual’s offer, MAO, and
their difference as dependent variables, respectively. This last variable (offer-MAO) will
serve as a measure of the margin of agreement each individual allows: the larger one’s offer
and the smaller one’s MAO (thus, the larger the difference), the more likely the individual

is to agree with others. All these variables are expressed as a fraction of the pie.



offer- own other’s

dependent vars.: offer MAO MAO payoff payoff
(@) 2 3) 4 )

-0.0294 0.0428 -0.0722 -0.0115 -0.0252

(0.157) (0.052) (0.024) (0.131) (0.053)

| oD -0.0324 | 0.0393 | -0.0717 | 0.0018 | -0.0269
ong-run 0.041) | (0.051) | (0.004) | (0.785) | (0.009)

short-run DD

-0.0437 | 0.0581 | -0.1018 | -0.0070 | -0.0369
0.038) | (0.017) | (0.002) | (0.404) | (0.006)

-0.0281 | 0.0431 | -0.0711 | -0.0069 | -0.0231
(0.052) | (0.005) | (0.001) | (0.215) | (0.013)

Table 1. Impact of DD over UG strategies and expected payoffs. The estimated coefficients for
different DD characterizations as explanatory variables are shown in rows. Dependent variables
are expressed as a fraction of the pie (€20). Each estimate refers to a different OLS regression with
robust standard errors clustered by interviewer (108 groups) and controlling for age, gender,
married, household income, educational level, mathematical cognitive abilities, risk preferences,
and order effects. N=713, except for the last row where n=488. P-values are shown in brackets.
Darker cells display significant estimates (all Ps<0.053). Complete regressions are presented in
Tables S1-S4.

combined DD

highDD vs. lowDD

The impact of both short-run and long-run DD on offers (column (1)) is negative and
quantitatively similar, but only reaches significance in the case of long-run DD. As we
discuss in the SI, we cannot disentangle whether this difference is due to the fact that the
presence of immediate payoffs in the short-run task reduces the predictive power of short-
run DD (which would be in favor of the dual-valuation account of DD) or to the fact that
subjects’ responses to the task were poorly distributed (Figure S1). A seemingly
substitutive effect (when including both variables in a single regression their coefficients
are still negative but lose significance; not reported) suggests that we will possibly obtain a
better picture by combining both measures. In fact, the variable “combined DD reports a
slightly stronger effect on offers. The “highDD vs. lowDD” variable yields a similar result.
Thus, the effect of DD on offers is negative, though rather small (between 2.81% and
4.37% of the pie depending on the DD specification).

On the other hand, all the estimates of DD are positive and significant when the
dependent variable is the individual’s MAO (column (2)). Hence, we replicate the finding
by Crockett et al. (16) to the extent that more impatient responders are more likely to reject
low offers. The effect of DD on MAOs is larger than its effect on offers but still quite small
(between 3.93% and 5.81% of the pie).



Column (3) shows that the above relationships translate into a relatively strong effect
of DD on “offer-MAQO”. This means that the margin for agreement shrinks as DD increases.
It will therefore be easier to shake hands with a patient individual. Specifically, these
effects lie between 7.11% and 10.18% of the pie. As in the case of offer and MAO, here we
observe as well that short-run and long-run DD are associated with the same patterns, and

combining the two measures improves the model’s power of fit.

In Figure 1 we show the mean (+ robust SEM clustered by interviewer) offer (panel
A), MAO (panel B), and offer-MAO (panel C) as a function of DD measures. For visual
clarity we categorized individuals in three groups according to their DD and plot offers and
MAOs in terms of their deviation from the mean offer (0.462+0.007) and MAO
(0.35040.009). Positive deviations indicate above-average offers or MAOs in each case.
From left to right and separated by dashed lines, the short-run, long-run, and combined
DDs appear split in terciles (“low”, “med”, and “high” for the bottom, middle, and top

tercile, respectively).

While the estimated effects and statistical significance are properly obtained through
regressions (Table 1), Figure 1 provides a more illustrative picture with regards to the effect
DD has on bargaining behavior. In particular, from both Table 1 and Figure 1 we obtain the

following:
Result 1: present-oriented subjects offer less in the UG;
Result 2: present-oriented subjects reject more, that is, their MAO is higher;

Result 3: consistently, present-oriented subjects do not facilitate agreements. More
precisely, the margin for agreement allowed by the most patient individuals

virtually doubles that allowed by the most impatient individuals.”

" Note here that both patient and impatient groups display mean offers well above mean MAOs. Recent
evidence from computer simulations indeed indicates that strategies with offer>MAO>0 are evolutionarily
stable (40).
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Figure 1. Offer, MAO, and Offer-MAO by DD groups. Mean
(£robust SEM clustered by interviewer) offer (panel A), MAO
(panel B), and offer-MAO (panel C) by groups of DD. Both
offers and MAOs are plotted in terms of their deviation from the
mean behavior. From left to right and separated by dashed lines,
the short-run, long-run, and combined DD appear split in terciles
(“low”, “med”, and “high” for the 1%, 2" and 3" tercile,
respectively).




Taken together, these results lead to a rejection of the hypothesis that high DD is a
predictor of individuals’ concern for fairness in either role of the UG since the offers made
by high-DD proposers are, on average, more unfair. In terms of the Fehr-Schmidt’s (8)
inequality aversion model, impatient individuals appear to exhibit stronger aversion to
disadvantageous inequality and smaller aversion to (possibly even “negative aversion” to,
1.e., preference for) advantageous inequality compared to patient individuals. In the context
of the UG, this would imply that impatient individuals are keen on equalizing payoffs when
they are below but unwilling to do so when they are above, which is consistent with

competitive-spiteful preferences.

Does the final outcome relate to individuals’ delay discounting?

The above results, however, can also be explained if high DD predicts less strategic
rather than more spiteful behavior. To disentangle the two, we now focus on the
participants’ payoffs. We simulated a perfect random matching between participants (i.e.,
like a round-robin tournament where everybody plays once against everybody in each role)
resulting in 1,424 (712 interacting partners * 2 roles) simulated interactions per subject, and
computed their expected (mean) payoffs as a proxy for reproductive fitness. From an
evolutionary viewpoint, this method will actually give us an appropriate measure for the
adaptiveness of the strategies adopted, since the probability of matching with each of the
other participants across the city was identical. We obtained the expected payoff per
interaction of each individual (“own payoff’) and that of the other individuals when
interacting with her (“other’s payoff’), which were calculated from the actual distribution

of individual strategies in the sample (see Methods).

In column (4) of Table 1 we display the estimates for regressions with the expected
own payoff, expressed as fraction of the pie, as the dependent variable. None of the DD
specifications results in significant estimates. Thus, based on the simulation analysis we do
not find support for the hypothesis that high discounters were simply unable to apply an
advantageous (i.e., more adaptive) strategy. Participants with high DD did not earn less (or
more) than participants with low DD, as participants’ payoffs were not significantly related

to their DD.
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Interestingly, however, a salient result is that DD impacts negatively and significantly
on other’s payoff according to all DD specifications (column (5)). That is, the higher the
DD of an individual’s interacting partner, the less she is expected to earn from that
interaction. The total effect of DD on other’s payoff ranges between 2.31% and 3.69% of
the pie. Putting these findings into a evolutionary perspective and considering the expected
payoffs as a measure of potential reproductive fitness, this effect, although seemingly
small, is in fact profound. The 99" and 50" percentiles of the distribution of own payoff are
0.482 and 0.451, respectively; hence, a mere 3.1% reduction in the payoff is sufficient to

depress an individual’s fitness from the top to the median part of the distribution.

Therefore, the strategies adopted by patient and impatient individuals are equally
adaptive but the effects these strategies have on others are substantially different:
individuals (either patient or impatient) will get lower payoffs from their interactions with
impatient individuals than from their interactions with patient individuals. In fact
individuals facing impatient partners more often than others will have lower expected

payoffs and hence lower survival probabilities as well.

In Figure 2, own payoff (panel A) and other’s payoff (panel B) are plotted in terms of
their deviation from the mean payoff (0.430+0.003). The same categorizations of DD of
Figure 1 are employed. It is nicely illustrated that the struggle will be fiercer with impatient

interacting partners. We therefore conclude:
Result 4: present-oriented subjects do not earn less money;
Result 5: the partners of present-oriented subjects earn less money.

Given these results, it appears that high-DD individuals are not less strategic but
indeed more spiteful. In other words, the alternative hypothesis (i.e., that high-DD
individuals’ decisions reflect a diminished capacity to maximize their own payoffs) fails the
test of the individuals’ payoffs. Therefore, from Results 1 to 5, only the spite account for

the observed behavior of impatient individuals finds support.

11
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Figure 2. Own and other’s payoff by DD groups. Mean (+robust SEM clustered by interviewer) own payoff
(panel A) and other’s payoff (panel B) by groups of DD (same groups as in Figure 1). Both own and other’s mean
payoffs are plotted in terms of their deviation from the mean payoff.

Finally, we look into the role of cognitive abilities in order to shed more light on how
behavior and payoffs are linked to each other. Tables S1 to S4 in SI reveal that subjects
endowed with higher cognitive abilities achieve a higher own payoff (P=0.009 in the
regression using “combined DD”; Table S3, column (4)). However, higher cognitive
abilities also predict higher MAOs (P=0.029; column (2)), which is at odds with the payoff
maximizing behavior, i.e., setting MAO either to zero or to the smallest possible amount. In
addition, cognitive abilities do not predict offers being closer to the equal split (P>0.7,
column (1)), which in our sample would be the payoff maximizing behavior. That is,
subjects with higher cognitive abilities succeed in achieving larger total payoffs, as one
would expect, but at the same time they do not manifest payoff maximizing behavior when
analyzing each role separately. Such an observation is important insofar as it shows that the
relationship between the behavioral predictors (cognitive abilities and DD) and the final
payoffs is not so clear-cut.” Concretely, in our case, what determines subjects’ payoffs is
the whole behavioral profile coming from both choices in the UG and the actual
distribution of choices in the population. Thus, observing higher DD to predict both lower
offers (Result 1) and higher MAOs (Result 2) but not lower payoffs (Result 4) should not

be considered a puzzle.

" In contrast to previous studies (41, 42), cognitive abilities and DD are unrelated in our sample, regardless of
the statistical approach employed (Ps>0.3).

12



Discussion

Low offers clearly violate fairness norms but, at the same time, they provide the
perfect reason for envious or spiteful desires to arise (12, 37). Our design, in which subjects
play both roles of the UG, allows exploring whether impatient responders are truly
concerned with fairness when rejecting low offers. We find, however, that high DD predicts
spiteful rather than fair strategies in both roles. These spiteful strategies involve the
rejection of disadvantageous, “unfair” splits, but also the proposal of advantageous,
“unfair” splits. Quite importantly, this behavioral pattern by high discounters does not lead
them to earn less (i.e., their strategies are not less adaptive), but they result instead in
significantly lower payoffs for those who interact with them. This is consistent with the
observation of Marlowe et al. (43) that hunter-gatherers of smaller societies, assumed to
strongly discount the future (44), show more spiteful behavior in the UG. Present

orientation has indeed been related to both aggressive (45) and uncooperative (15) patterns.

We interpret this result as evidence that spiteful behavior responds to short-run
psychological incentives. However, it could be argued that living environments favoring
local (vs. global) competition for resources could impose social-ecological pressures for the
selection of both spiteful and present-oriented preferences (46-48). Thus, both traits might
serve as cognitive adaptations to environmental cues of local competition signaling a strong
link between individuals’ reproductive success and their short-run relative standing. In fact,
it has been found that exposure to harsh social conditions during childhood predicts later
seemingly spiteful behavior in a repeated prisoner’s dilemma game (49). This line of
argument could raise concerns on whether the way we interpret the relationship between
impatience and spiteful behavior is the only possible one, or if instead there exists such an
unobserved third variable driving the result. Although we control for a large set of socio-
economic characteristics of subjects in the statistical analyses, this possibility cannot be
completely ruled out. A more systematic approach to such potentially underlying processes

would thus be an interesting endeavor for future research.

Based upon previous research (17), our findings suggest that rejection behavior in the
UG might better resemble the spiteful punishment by free-riders in terms of its

psychological foundations than the moralistic punishment by cooperators. In effect, the

13



bargaining—intrinsically conflictive—nature of the UG could be generating a competitive
environment, where outperforming the other player is a primary goal (34-36). In ultimatum
bargaining, both players can make use of their own forces to prevent the other player from
achieving her goals, thus offering a natural context for the expression of dominance
behavior, which is deeply rooted in early human cognitive development (50, 51). Such an
interpretation is supported by recent findings indicating that the rejection of low offers may

reflect a tendency to avoid being subjugated to the other player (52).

Along these lines, Crockett et al. (32) found that serotonin-depleted participants were
more likely to reject low offers in the UG, but tended to be less likely to punish low offers
as third-party observers (which is considered to reflect a clear concern for social fairness,
see ref. 53). Moreover, reducing subjects’ serotonin levels was found to increase the
psychological satisfaction (as measured by striatal activation) of rejecting low offers in the
UG, but to decrease the satisfaction associated with receiving fair offers. These results
indicate that reduced serotonergic activity predicts retaliatory motives behind the rejection
of low offers in the UG rather than an enhanced preference for fairness. Our findings are
consistent with those of Crockett et al. (32) insofar as there is an intimate link between low
serotonin levels and high DD (16, 54). Thus, responders’ retaliatory behavior triggered by
serotonin depletion could reflect a present-oriented, spiteful desire to reduce the proposers’

payoffs.

Taken together, these studies indicate that, in the UG, not all of rejection decisions
are driven by the notion of fairness. Accordingly, they add up to a growing literature on
social dilemma games (17, 26, 27, 55-57), giving support for the presence, not only of
fairness concerns, but also of competitive spite—a pro-self rather than pro-social

sentiment—as a key psychological ingredient behind costly punishment.

In social dilemmas, the punishment of free-riders by cooperators is considered a
second-order cooperative behavior as it is beneficial for the group (58, 59) though not for
the punisher (60) in the long term. However, both empirical (55) and theoretical (57, 61)
evidence suggests that, under specific circumstances, spiteful punishment by free-riders
may dramatically challenge the dynamics of cooperation and the long-run social efficiency.

Special care has therefore to be taken when using the standard UG (where one cannot know
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whether or not the punisher wants to enforce fairness or take a spiteful, competitive
attitude) as a device to study peer punishment and, on top of that, when building theories on
how individuals, institutions or groups enforce the relevant social norms based on results
from rejection behavior in this game. Future research should take into account that hyper-
competitiveness (37) might be as fundamental to the complexity of human social behavior

as ultra-sociality (62).

Methods

The delay-discounting task. In the discounting task, participants had to state their
willingness to wait in order to receive a hypothetical monetary payoff. In contrast to the
UG, decisions in this task were not incentivized with money for technical and logistical
reasons and given that previous studies have shown that real incentives do not change the
distribution of individual responses in DD tasks either within or between subjects (63-65;
however, see ref. 66). Typically, participants had to choose between sooner-smaller
rewards and larger, but more delayed rewards in a series of binary decisions. The larger the

delayed amount needed for “convincing” an individual to wait, the higher her DD score.

We used the following protocol: The short-run DD was measured by having
participants choose between €5 available “today” and €5+X (X =€0, ... , €5) to be received
“tomorrow”. For the long-run DD, the six choices were between €150 delayed by one
month and €150+X (X = €0, ... , €100) delayed by seven months (see SI). The average
number of impatient responses (out of six) was 2.75+0.127 (robust SEM clustered by
interviewer to account for dependency between the observations gathered by the same
interviewers, leaving a total of 108 independent groups) in the short-run subtask and
3.16+0.087 in the long-run one (see Figure S1 for the distribution of choices in the DD
subtasks).

According to dual-valuation theories of DD (e.g., 67), these two measures would
capture different components of the psychological evaluation of delayed rewards because
the long-run subtask did not involve trading-off immediate payoffs. In contrast, single-

valuation theories (e.g., 68) claim for a unique process underlying the evaluation of delayed
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and immediate rewards. The Spearman’s rank order correlation between the number of
impatient responses in short-run and long-run subtasks was 0.302 (P=0.000). This far-from-
perfect correlation opens a door for the two measures to be actually capturing different
psychological constructs and, consequently, having distinct associated behaviors (see SI for

a discussion on this issue).

The Ultimatum Game. In the UG, all participants made decisions as both proposers and
responders in random order. The pie to split was €20 (=<$27). As proposers, participants
were asked to state which share of the €20 (in 10% increments) they wanted to offer to an
anonymous partner. As responders, participants were asked to accept or reject each of the
following proposals (proposer’s payoff, responder’s payoff): (€20, €0), (€18, €2), (€16, €4),
(€14, €6), (€12, €8), (€10, €10), that is, the strategy method was employed (69). This
allowed the elicitation of each participant’s minimum acceptable offer (MAO). Apart from
the obvious advantage of eliciting the full strategy profile for every participant, employing
the strategy instead of the direct-response method allowed for the following crucial features
of our design. First, the scope for rejections being guided by emotional reactivity against
the proposer’s actual behavior is reduced since responders decided in a rather “cold” state.
Second, the outcome of the decision a participant made first (either proposer or responder,
randomly chosen) could not have influenced her behavior at the second decision. Third,
given that the main variable of interest was delay discounting, had we used the direct-
response method, different temporal spillovers across roles would have prevented a clear
interpretation of the results. That is, as proposers, participants would have to wait for the
responder’s decision in order to learn the outcome of the game, whereas as responders, the

outcome would have been learnt automatically from their own decision.

Hence, through our experimental protocol we obtained the strategy profile for each
subject consisting of an offer as proposer and a MAO as responder. After making their
decisions, participants were randomly paired in order to calculate the real payoffs according
to their chosen strategies and those of their counterparts. Thus, subjects were playing a one-
shot, dual-role, simultaneous UG (see Figure S2 for the distribution of choices in the

game). One out of every ten participants was randomly selected for real payment (see SI).
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Expected payoffs. As described by refs 40 and 70, the average payoff for individual i (with
offer=0; and MAO=m;) after interacting in both roles with individual j (o;, m;) is given by
(@) "2(1-0;+0)) if 0=m; and o>m;; (b) Y2(1-0;) if 0o=m; and o;<m;; (¢) 20, if 0;<m; and o;=m;;
and (d) 0 if o;<m; and o;<m;,. Hence, the expected “own payoff” for individual i is calculated
by weighting each of these four possible payoffs by the probability of that specific case
occurring within our sample (i.e., its relative frequency). Analogously, the average payoff
for individual i’s partner (i.e., individual j; the “other”) in the same cases is (a) 2(1-0;1+0));
(b) 20;; (c) Y2(1-0;); and (d) 0. The expected “other’s payoff” for individual i is calculated
by assigning weights (same as above) to the latter payoffs, and reflects the payoff an

individual expects to get when interacting with individual i (see SI).

All participants in the experiments reported in the manuscript were informed about
the content of the experiment prior to participating. Moreover, their anonymity was always
preserved (in agreement with Spanish Law 15/1999 on Personal Data Protection) by
randomly assigning them a numerical code to identify them in the system. No association
was ever made between their real names and the results. As is standard in socio-economic
experiments, no ethic concerns are involved other than preserving the anonymity of
participants. This procedure was checked and approved by the Vice-dean of Research of the

School of Economics of the University of Granada; the institution hosting the experiment.
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Supporting Information (SI) for

Short- and long-run goals in ultimatum bargaining

S1. Materials and Methods

The survey-experiment was conducted from November 23" to December 15™ 2010,
recruiting a total of 835 individuals from the adult population of the city of Granada, Spain.
The sample was representative in terms of the geographical location of households within
the city, age and gender of the participants (detailed information regarding sampling
procedures as well as experimental protocols and games’ instructions can be found in
Exadaktylos et al. [S1]). Participants were ex-ante informed that the data would be used for
scientific purposes only, that responses would never be linked to the identity of the
respondent and that the procedures followed for the study and data acquisition were in
accordance to the Spanish law on data protection guarantying full anonymity. Each
respondent was interviewed in his/her own house by a pair of interviewers (108 pairs in
total). Interviewers were last-course university students from the University of Granada,
enrolled in a course on “field experiments”, which involved their training on the
methodology and conduction of survey-experiments. Their performance was carefully
monitored by the main researchers through a web-based system and linked to their final

grade in the course.

For statistical analysis purposes, we have used only those participants whose
responses in both the delay discounting task and the ultimatum game were complete and
reliable. This involved excluding those individuals making multiple switching or following
non-monotonic patterns in either the delay discounting task or the Ultimatum Game, and
those never switching from the sooner to the later reward in any of the two DD tasks (see
below). Additionally, only complete observations with regards to control variables were
included, which is the usual practice when dealing with field data. The final sample consists

of 713 complete observations (average age 36.7+16.6 (SD), 54.14% female).
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S1.1. The delay discounting task

Two series of inter-temporal decisions involving hypothetical monetary rewards were
presented. One of the interviewers read each of the decisions involved in both subtasks, one
at a time, and the interviewee gave his or her responses also by word of mouth. Participants
faced a total of six decisions in each task. In the first decision of the short-run DD subtask,
participants had to choose between €5 to be received “today” (sooner option) and €5 to be
received “tomorrow” (later option). The remaining five decisions kept the sooner reward
constant while increasing the later reward, in the following order: €6, €7, €8, €9, €10. In the
first decision of the long-run DD subtask, participants had to choose between €150 to be
received in one month time (sooner option) and €150 to be received in seven months time
(later option). The remaining five decisions kept the sooner reward constant while

increasing the later reward, in the following order: €170, €190, €210, €230, €250.

This task was specifically adopted to meet the particular purposes and restrictions of
the survey-experiment. The two discounting measures captured by the task were not
designed in order to allow for parameterization (i.e., in order to be characterized in a
particular functional form) but rather in order to allow a non-parametric characterization,
that is, the number of impatient responses. The distribution of subjects’ choices in the task
is shown in Figure S1. In the case of the short-run DD, two categories concentrate more

than 60% of subjects, while choices in the long-run DD are better distributed.

Figure S1. Distribution of subjects’ choices in the DD tasks
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According to dual-valuation theories of DD [S2, S3], decisions involving immediate
and delayed rewards are evaluated in the brain differently than those involving only
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delayed rewards. Concretely, the so-called “beta” and “delta” systems would be at work for
valuating delayed rewards [S4]. The impatient beta system is supposed to steeply discount
all non-immediate rewards (i.e., there is an immediacy premium or a present bias). The
more patient delta system would discount delays in a less-steep, exponential shape. Thus,
the subjective value of a delayed reward would result from subtracting the non-immediacy
penalization (beta system) from the discounted value of the reward (delta system). It could
be therefore that the two DD measures we obtained are in association with different
behavioral patterns in the UG since only the short-run subtask involved immediate
payoffs—meaning that the beta system would not determine choices in the long-run DD.
On the contrary, single-valuation theories [S5, S6] argue in favor of a single psychological
process evaluating both immediate and delayed rewards. This process would discount the
value of all rewards in function of the delay to their delivery, following an hyperbolic form.
According to this view, no behavioral differences should be found for the two DD measures

we gathered.
S1.2. The ultimatum game

All participants made decisions in both roles of the game. As proposers, subjects
made an offer to a randomly matched participant on how to split a pie of €20 (in €2
increments). The average offer was 46.2% (£0.7; robust SEM clustered by interviewers) of
the pie. In the role of responders, subjects had to state their willingness to accept or reject
each of the following proposals (proposer’s payoff (€), responder’s payoff (€)): (20, 0); (18,
2); (16, 4); (14, 6); (12, 8); (10, 10). With this method we obtained the minimum acceptable
offer (MAO) of each subject. The average MAO was 35.0% (£0.9) of the pie. These
averages are within the range found in previous ultimatum field experiments [S7]. Figure
S2 displays the distribution of offers and MAOs (expressed as fraction of the pie) in the

sample.

The instructions of the game were read aloud by one of the interviewers.
Subsequently, participants were required to privately write down their choices on a decision
sheet, which was later introduced in an envelope to ensure a double-blind procedure. The

order in which decisions were made was randomized across participants. Matching and
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payment took place within the next two weeks and the average earnings among winners

were €9.60.

Figure S2. Distribution of subjects’ choices in the UG
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S1.3. Calculation of expected payoffs

To calculate the expected payoffs of participants we simulated a perfect random
matching. In particular, the UG offer (0;) and the MAO (m;) of every subject was matched
with, respectively, the MAO (m;, j=1...N, j#i) and the offer (0;, j=1...N, j#i) of every other
subject. After interacting with all the other subjects in both roles of the game, each
subject’s own payoff will be simply given by her mean payoff across the 712 encounters.
Furthermore, for every subject we have also computed the other’s payoff, which is given by
the mean payoff of the other 712 participants from their interactions with this subject
(again, taking both roles into account). That is, the other’s payoff of participant i is a
measure of how much one expects to earn when interacting with i. This measure is not to be

confounded with the mean own payoff of the other subjects.

The average payoff for individual i after interacting in both roles with individual j is

given by [S8, S9]:

a) Y(l-o/to)) if o=>m; and o>m;;
b) '2(1-0) if 0o,2m; and o;<my;;
c) Y:0;if 0;<m; and o>m;;

d) 0if 0,‘<I’l’lj and 0j<m,-.
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Then, the expected “own payoff’ for individual i is calculated by weighting each of
these four possible payoffs by the probability of that specific case occurring in the sample
(i.e., its relative frequency). Likewise, the average payoff for individual i’s partner (i.e.,

individual j; the “other”) is given by:

a) Ya(l-o/+0;) if if o>m; and o=m,;
b) Y20;if o>m; and o,<m;;
c) Y(1-o)) if 0;<m; and o>m;;

d) 0if o;<m;and o;<m;.

Again, the expected “other’s payoff’ for individual i is calculated by assigning
weights (same as above) to the latter payoffs. Let us illustrate how we calculate both own

payoff and other’s payoff with an example.

We use a simple case with only three subjects whose strategies are (o, m;) = (8, 4),
(02, mz) = (2, 6) and (03, m3) = (4, 10). We look into the case of subject 1. Performing the
random matching, this subject is matched with all other subjects; subjects 2 and 3 in this
example. From her interaction with subject 2, subject 1’s payoff is given by 2(20-8)=6
since 8>6 and 2<4 (case b) above). Similarly, interacting with subject 3, subject 1’s payoff
will be: 24=2 since 8<10 and 4>4 (case c) above). To calculate the own payoff of subject 1,
we attach the appropriate weight to the above payoffs, which in this case is 0.5 for both
payoffs (i.e., their relative frequency is 50%; the weight of the remaining possible cases is

obviously zero). Thus the own payoff'is 0.5%6 + 0.5*%2 = 4.

Let us now calculate the other’s payoff corresponding to subject 1. From her
interaction with subject 1, subject 2’s payoff will be determined as follows: 28=4 since
8>6 and 2<4 (case b) above). From her interaction with subject 1, subject 3’s payoff will
be: 2(20-4)=8 since 8<10 and 4>4 (case c) above). In order to calculate the other’s payoff
we attach the corresponding weight to each payoff, which again in this particular example

is 0.5 in both cases. Thus the other’s payoff for subject 1 is 0.5*%4 + 0.5*8 = 6.

Similarly we can calculate the own payoff of subjects 2 and 3, which are 2 and 4
respectively. It is important to note that the other’s payoff of subject 1 is different than the
mean own payoff of the other two subjects, which is (2+4)/2= 3.
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S2. Supporting analyses
S2.1. Variables description

In the next subsection, we will provide the estimates of the regressions summarized in
Table 1 of the main text. “Short-run DD” and “long-run DD” refer to the number of
impatient responses the individual made for each delay; “combined DD” is the average of
the two (these three categorizations of DD are normalized to the interval [0, 1]); “highDD
vs. lowDD” takes the value 1 if the individual belongs to the top 33% and O if belongs to
the bottom 33% of the distribution of “combined DD” (observations falling in the central

33% are missing in the analyses using this variable).
The control variables employed in the regressions are:
- Age €[16, 89].
- Male: 1 if male, O if female.
- Married: 1 if married, 0 otherwise.

- House inc € [0, 4500]: average household monthly income in the last year (in €500

increments).

- Educ level € [0, 8]: no studies (0), incomplete primary school (1), complete primary
school (2), incomplete secondary school (3), complete secondary school (4), incomplete
university diploma or technical degree (5), complete university diploma or technical degree
(6), incomplete bachelor or postgraduate degree (7), complete bachelor or postgraduate

degree (8).

- Cognit ab € [0, 5]: number of correct answers to the following five mathematical

questions:

1. If the probability of being infected by an illness is 10%, how many persons
of a group of 1000 would be infected by that kind of illness?
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2. If there are 5 persons that own the winning lottery ticket and the prize to
be shared is two million euros, how much money would each person

receive?

3. Suppose that you have 100€ in a savings account and the rate of interest
that you earn from the savings is 2% per year. If you keep the money in the
account for 5 years, how much money would you have at the end of these 5
years?:

a. More than 102€

b. 102€ exactly

c. Less than 102€

d. S/he cannot/do not want to answer

4. Suppose that you have 100€ in a savings account. The account
accumulates a 10% rate of interest per year. How much money would you

have in your account after two years?

5. The total cost of a bat and a ball is 1.10 euros. The bat costs I euro more

than the ball. How many cents does the ball cost?

- Risk I: 1 if option b, 0 if option a in the question:
We flip a coin. Choose one of the following options:
a. Take 1.000 Euros no matter if it is heads or tails.

b. Take 2.000 Euros if it is heads and nothing if it is tails.

- Risk 2: 1 if option a, 0 if option b in the question:
Choose one of the following options:

a. Take a lottery ticket with 80% chance of winning 45 Euros and 20%
chance of winning nothing.

b. Take 30 Euros.
- Risk 3: 1 if “Yes’, 0 if ‘No’ in the question:

Would you accept the following deal? We flip a coin. If it is heads you win
1,500 Euros and if it is tails you lose 1,000 Euros: Yes (Y), No (N)
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S2.2. Regression analyses

Tables S1 to S4, present the OLS regressions using “short-run DD”, “long-run DD”,
“combined DD”, and “highDD vs. lowDD”, respectively, to characterize delay discounting
as explanatory variables. The dependent variables (expressed as a fraction of the pie) in
columns (1) to (5) are, respectively: offer, MAO, offer-MAO, own payoff, and other’s
payoff. In all regressions we control also for order effects. Robust standard errors clustered

by interviewers are presented in brackets.

From the regression analyses it appears that the effect of DD on behavior and payofts
does not crucially depend on which period-length is used to measure it, though it is more
prominent in the case of the longer delay. It might be that the “beta” component of DD (see
Text S1.1) has no influence on behavior and it is the “delta” component which drives the
results. This would explain why the long-run DD yields better estimates. However, this
result can also be due to the higher noise of observations in the short-run DD subtask (see
Figure S1). Thus, our results do not provide unequivocal support for single- or dual-

valuation theories.

Among the control variables, only the subjects’ cognitive abilities, marital status and
risk preferences yield significant coefficients across models. Cognitive abilities relate
positively to MAO and own payoff, as reported in the main text. Different risk-taking
measures report different relationships with behavior, thus making an interpretation
difficult (also, a high level of collinearity between the measures could influence the
estimation). Finally, married subjects are found to be less willing to reject low offers (i.e.,

they have a lower MAO), although weakly.

! Although the task was not designed to allow for parameterization, we have used the data to analyze the
separate effects of empirically estimated “beta” and “delta” discount factors (following the methodology
employed in Burks et al. [S10]) and, as expected, delta predicts subjects’ behavior slightly better than beta but
still both measures are linked to the same patterns (available upon request from the authors).
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Table S1. UG behavior and expected payoffs as a function of short-run DD

offer- own other’s
offer MAO MAO payoff payoff
ey (2) 3 Q) )
short-run DD -0.0294 0.0428* -0.0722%** -0.0115 -0.0252*
(0.021) (0.022) (0.032) (0.007) (0.013)
age 0.0003 0.0008 -0.0005 0.0000 0.0003
(0.000) (0.001) (0.001) (0.000) (0.000)
male -0.0025 -0.013 0.0104 -0.0043 0.0005
(0.010) (0.013) (0.015) (0.004) (0.006)
married -0.0070 -0.0325* 0.0255 0.0053 -0.0038
(0.014) (0.017) (0.024) (0.005) (0.008)
house inc -0.0000 0.0000 -0.0000 -0.0000 -0.0000
(0.000) (0.000) (0.000) (0.000) (0.000)
educ level 0.0021 -0.0041 0.0062 0.0011 0.0027
(0.004) (0.003) (0.005) (0.001) (0.002)
cognit ab 0.0014 0.0117** -0.0102 0.0052%** -0.0014
(0.005) (0.005) (0.007) (0.002) (0.003)
risk 1 -0.0110 0.0560%** -0.0670** -0.0044 -0.0133
(0.016) (0.0189) (0.026) (0.006) (0.010)
risk 2 -0.0070 -0.0153 0.0083 -0.0021 -0.0008
(0.013) (0.017) (0.023) (0.005) (0.009)
risk 3 0.0422%* -0.0381 0.0803* 0.0001 0.0266*
(0.020) (0.031) (0.041) (0.009) (0.014)
R’ 0.0415 0.0655 0.0511 0.0635 0.0523
F 2.42% %% 2.15%%x* 1.72%* 3.78%%* 1.47*
obs. 713 713 713 713 713

Notes: OLS estimates. Robust standard errors clustered by interviewers in brackets.®, **, ***
indicate significance at the 0.10, 0.05 and 0.01 levels, respectively. All regressions control for
order effects.
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Table S2. UG behavior and expected payoffs as a function of long-run DD

offer- own other’s
offer MAO MAO payoff payoff
ey (2) 3 Q) )
long-run DD -0.0324%** 0.0393* -0.0717%*%* 0.0018 -0.0269%**
(0.016) (0.020) (0.024) (0.006) (0.010)
age 0.0002 0.0008 -0.0006 0.0000 0.0003
(0.000) (0.000) (0.001) (0.000) (0.000)
male -0.0018 -0.0138 0.0120 -0.0041 0.0011
(0.010) (0.012) (0.015) (0.004) (0.006)
married -0.0059 -0.0334* 0.0274 0.0046 -0.0030
(0.014) (0.018) (0.025) (0.005) (0.009)
house inc -0.0000 0.0000 -0.0000 -0.0000 -0.0000
(0.000) (0.000) (0.000) (0.000) (0.000)
educ level 0.0023 -0.0044 0.0067 0.0012 0.0029
(0.004) (0.003) (0.005) (0.001) (0.002)
cognit ab 0.0012 0.0120** -0.0108 0.0051%** -0.0016
(0.005) (0.005) (0.007) (0.002) (0.003)
risk 1 -0.0120 0.0569*** -0.0688%%** -0.0036 -0.0141
(0.016) (0.019) (0.025) (0.006) (0.010)
risk 2 -0.0049 -0.0182 0.0133 -0.0015 0.0010
(0.013) (0.017) (0.023) (0.005) (0.008)
risk 3 0.0407** -0.0364 0.0770%* 0.0004 0.0254*
(0.020) (0.031) (0.040) (0.009) (0.014)
R’ 0.0423 0.0646 0.0509 0.0601 0.0532
F 2.1 7% 2.14%%x* 1.92%* 4.377%%* 1.57*
obs. 713 713 713 713 713

Notes: OLS estimates. Robust standard errors clustered by interviewers in brackets.®, **, ***
indicate significance at the 0.10, 0.05 and 0.01 levels, respectively. All regressions control for
order effects.
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Table S3. UG behavior and expected payoffs as a function of combined DD

offer- own other’s
offer MAO MAO payoff payoff
ey (2) 3 Q) )
combined DD -0.0437%* 0.0581** -0.1018#** -0.0070 -0.0369%**
(0.021) (0.024) (0.032) (0.008) (0.013)
age 0.0002 0.0008 -0.0006 0.0000 0.0003
(0.000) (0.001) (0.001) (0.000) (0.000)
male -0.0021 -0.0133 0.0112 -0.0041 0.0008
(0.010) (0.012) (0.015) (0.004) (0.006)
married -0.0054 -0.0343* 0.0289 0.0052 -0.0026
(0.014) (0.017) (0.024) (0.005) (0.009)
house inc -0.0000 0.0000 -0.0000 -0.0000 -0.0000
(0.000) (0.000) (0.000) (0.000) (0.000)
educ level 0.0022 -0.0042 0.0064 0.0012 0.0027
(0.004) (0.003) (0.005) (0.001) (0.002)
cognit ab 0.0014 0.0117** -0.0103 0.0051%** -0.0014
(0.005) (0.005) (0.007) (0.002) (0.003)
risk 1 -0.0126 0.0580%** -0.0707%%* -0.0043 -0.0147
(0.016) (0.019) (0.026) (0.006) (0.010)
risk 2 -0.0063 -0.0164 0.0101 -0.0016 -0.0002
(0.013) (0.017) (0.023) (0.005) (0.008)
risk 3 0.0408%** -0.0363 0.0771%* 0.0000 0.0255%*
(0.020) (0.031) (0.040) (0.009) (0.014)
R’ 0.0443 0.0680 0.0560 0.0610 0.0567
F 2.39% %% 2.24%%% 1.97%%** 4.30%** 1.59*
obs. 713 713 713 713 713

Notes: OLS estimates. Robust standard errors clustered by interviewers in brackets.®, **, ***
indicate significance at the 0.10, 0.05 and 0.01 levels, respectively. All regressions control for
order effects.
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Table S4. UG behavior and expected payofts as a function of highDD vs. lowDD

offer- own other’s
offer MAO MAO payoff payoff
ey (2) 3 Q) )

hDD vs. IDD -0.0281* 0.043 1 *** -0.0711%%* -0.0069 -0.0231**
(0.014) (0.015) (0.021) (0.005) (0.009)
age -0.0003 0.0007 -0.0011 -0.0002 0.0000
(0.001) (0.001) (0.001) (0.000) (0.000)
male -0.0016 -0.0118 0.0102 -0.0062 0.0017
(0.016) (0.014) (0.022) (0.005) (0.010)
married 0.0022 -0.0401* 0.0423 0.0088 0.0011
(0.017) (0.021) (0.029) (0.007) (0.011)
house inc -0.0000 0.0000 -0.0000 -0.0000 -0.0000
(0.000) (0.000) (0.000) (0.000) (0.000)
educ level 0.0056 -0.0086** 0.0143* 0.0009 0.0048
(0.005) (0.004) (0.007) (0.002) (0.003)
cognit ab 0.0022 0.0167** -0.0145 0.0063** -0.0014
(0.007) (0.006) (0.010) (0.003) (0.004)
risk 1 -0.0147 0.0613** -0.0761%* 0.0001 -0.0163
(0.020) (0.026) (0.035) (0.008) (0.014)
risk 2 -0.0096 -0.0078 -0.0018 -0.0093 -0.0036
(0.017) (0.018) (0.026) (0.006) (0.010)
risk 3 0.0399 -0.0434 0.0833 0.0012 0.0278
(0.026) (0.041) (0.056) (0.013) (0.019)
R’ 0.0611 0.0899 0.0774 0.0790 0.0711
F 2 4THH* 4.06%** 2.09%** 3.58%%* 1.71%*

obs. 488 488 488 488 488

Notes: OLS estimates. Robust standard errors clustered by interviewers in brackets.®, **, ***
indicate significance at the 0.10, 0.05 and 0.01 levels, respectively. All regressions control for
order effects.
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