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Abstract
We present and test a model of reciprocity in which people are more likely to repay good treatment to the
extent they judge it as motivated by true caring rather than tactical self-interest. The model’s key contri-
butions stem from how it handles ambiguously motivated behavior. It allows people to maintain divergent
hypotheses: They can view behavior as driven by caring, self-interest, or a mix thereof. In contrast, previous
analyses resolve rather than maintain ambiguity. They treat caring and self-interest as mutually exclusive
hypotheses, and require that people commit to one and dismiss the other. By more realistically handling
ambiguity, our model yields three benefits. First, it accommodates intuitive patterns of play that existing
analyses do not and which we experimentally corroborate. These patterns reflect intermediate inclinations
to reciprocate ambiguously motivated positive behavior. Second, it challenges conventional interpretations
of long-studied phenomena, including unraveling in finitely iterated prisoners’ dilemmas, substantial offers
in ultimatum games, and gift exchange. Third, it highlights how diversity in perceptions – the same action
can appear generous to one person and miserly to another – is empirically consequential. Under conven-
tional interpretations andwithout accounting for diverse perceptions, the aforementioned phenomena have
been viewed as inconsistent with a taste for repaying good treatment. Ourmodel shows that they are entirely
consistent with a nuanced form of this taste: a desire to repay good treatment that seems to largely reflect
genuine caring.
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1. Introduction
Consider the following scenario. Elliott and Michelle are acquaintances who work as freelancers in
the same field. Each of them is about to commence a valuable project. They cross paths. In talking,
they realize that Elliott’s project would be of greater value toMichelle and vice versa.They also realize
that each could hand their project off to the other. A few days later, Elliott contactsMichelle and gives
his project to her. She accepts it and works on it but also keeps her own project. That is, after Elliott
transfers his project to Michelle, she retains her project for herself. She does not reciprocate.

Much research stresses two complementary explanations for Michelle’s behavior and for decisions
concerning reciprocitymore generally (Cabral et al., 2014). First, people oftenmake tradeoffs between
self-interest and other-regard (Fehr et al., 2002; Fehr & Gintis, 2007). Michelle may care about how
she treats Elliot and may like to repay kindness with kindness, yet she decides not to transfer her
project to him because she thinks it is too valuable to give up. Second, people sometimes pursue their
self-interest tactically (Axelrod&Hamilton, 1981; Kreps et al., 1982).Michellemay not see a personal
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advantage in transferring her project to Elliott. Had she calculated that transferring it to him would
induce him to give her additional projects in the future, she might have done so.

By a third explanation, people assess the motivations underlying their counterpart’s treatment of
them (Dufwenberg & Kirchsteiger, 2004; Falk & Fischbacher, 2006; Orhun, 2018; Rabin, 1993; Sobel,
2005; Stanca et al., 2009). Just as Michelle could have reciprocated out of either caring or tactical self-
interest, she might think about whether Elliott was driven by each of these factors. Did he give his
project to her because he genuinely wanted to treat her nicely? Or to elicit and profit from her recip-
rocal cooperation? In essence, Michelle might ask whether Elliott was trying to help her or influence
her. Shemight bemore likely to reciprocate if she views him as trying to help her rather than influence
her (McCabe, Rigdon, & Smith, 2003; McCabe & Smith, 2000; Woods & Servátka, 2016).

In this article, we present a game-theoretic model of reciprocity in which players consider each
other’s motivations. The model’s key contribution lies in how it handles ambiguity regarding these
motivations.1 Specifically, it allows players to maintain divergent hypotheses: Good treatment can be
perceived as caring, self-interested, or a mix thereof. Michelle, for instance, may not be willing to
fully attribute Elliot’s behavior to either tactical self-interest or genuine caring. In the model, play-
ers become increasingly inclined to reciprocate good treatment as they increasingly perceive good
treatment to definitively reflect caring rather than self-regard.

Several existing game-theoretic analyses also consider motivations. But they handle ambiguity
very differently. Rather than allowing people to maintain ambiguity about motives, they require that
people resolve this ambiguity (Dufwenberg & Kirchsteiger, 2004; Falk & Fischbacher, 2006; Rabin,
1993; see also Sobel, 2005). In other words, past analyses treat the hypotheses of caring and tactical
self-interest as mutually exclusive and require that people commit to one and dismiss the other.

This seems unrealistic – and makes it difficult to capture commonplace tendencies, such as
intermediate inclinations to respond positively to ambiguously motivated behavior. For example, in
Rabin’s (1993) theory, anyone who stands to gain materially from their own actions is judged defini-
tively self-interested and entirely undeserving of reciprocity, nomatter what effects their actions have
on others. That is, behavior that helps someone else but could potentially also help oneself – much
like Elliott’s – is always deemed unworthy of reciprocity. Rabin (1993, p. 1296) himself points out this
issue. Aswe thoroughly detail later, similar issues arise in the theories ofDufwenberg andKirchsteiger
(2004) and Falk and Fischbacher (2006).

By more realistically handling ambiguity, our model provides three benefits. First, it accom-
modates intuitive patterns of play which existing theories of reciprocity do not, and which we
corroborate in a pair of experiments. These patterns reflect intermediate inclinations to reciprocate
to ambiguously motivated good treatment.

Second, our model challenges conventional interpretations of several long-studied phenomena,
including unraveling in finitely iterated prisoners’ dilemmas and even-split or nearly even-split offers
in ultimatum games. It thereby nuances influential work which has questioned whether people
have much taste for responding to good treatment with good treatment (Charness & Rabin, 2002,
2005; Malmendier et al., 2014; Offerman, 2002; for less questioning views, see Cox et al., 2008; Falk
et al., 2008). Under conventional interpretations, unraveling has been seen as inconsistent with this
taste; even split and nearly even-split ultimatum offers have not been interpreted as evidence for it.
However, ourmodel shows that both phenomena readily follow from amotivation-based, ambiguity-
influenced form of such a taste: People do like to repay good treatment, but more so when it reflects
genuine caring rather than calculated self-interest.

Third, ourmodel highlights that the same action can appear generous to one person andmiserly to
another. It also points to how this diversity in perceptions can be empirically consequential. In doing

1It is of course possible for ambiguity to emerge regarding many motivations, beyond the genuine caring and tactical self-
interest on which we focus. Rapoport (1987), for instance, cites ambiguity about two drivers of defection in step-level social
dilemmas: desire to free ride on others’ contributions to the common pool and fear of wasting one’s contribution to the pool.
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so, it again nuances work that has been skeptical about people’s taste for repaying good treatment.
Well-known results from gift exchange and trust games have been taken as evidence against such a
taste. However, once diverse perceptions are accounted for, these results are entirely consistent with
a desire to repay good treatment that seems to largely reflect genuine caring.

1.1. From here
The remainder of the article is organized as follows. We first present our model and further explore
how it departs from existing game-theoretic analyses that explore people’s taste for repaying good
treatment. We illustrate the model’s workings via a set of sequential games. Across this set, it pre-
dicts an intuitive pattern of play that includes the aforementioned intermediate inclination to reward
ambiguously motivated prosocial behavior.

We corroborate this pattern in Experiment 1. Then, in Experiment 2, we consider a novel, sequen-
tial prisoners’ dilemma with “endogenous sequencing.” This game does not assign players the roles
of first and second mover (cf. Murphy et al., 2006). Instead, either player can decide to make the first
move or not. As the interaction unfolds, a player may first-move cooperate, first-move defect, or sim-
ply continue to wait and see what happens. Once a player has acted, the other player gets to respond.
This setup is consistent with many social interactions outside the laboratory. Elliott initiating contact
with Michelle was not a given, for example. She could have initiated contact with him instead. Our
model makes the intuitive prediction that under endogenous sequencing, first-move cooperation is
more likely to be reciprocated the faster it occurs. This prediction arises because as first-move coop-
eration is more and more delayed, it becomes more and more ambiguously motivated. Our results
corroborate this prediction.

In assessing the results of our experiments, we discuss a theory proposed by Levine (1998), which
applies tomany of the same settings as ourmodel. But whereas we are concerned with reciprocity and
a preference for repaying good treatment, Levine focuses on altruism and a preference for rewarding
altruistic people. Because of this subtle yet fundamental difference between the two accounts, Levine’s
theory cannot account for the results of our experiments.

To conclude, we discuss findings concerning gift exchange, trust games, repeated prisoners’
dilemmas, and ultimatum games. Research on these settings has downplayed people’s desire for recip-
rocating good treatment. We show how our model’s more realistic handling of ambiguity indicates
that a nuanced form of this desire, a preference for reciprocating good treatment that seems to largely
reflect caring, may be important in each setting.

2. Model
Our model builds on classic psychological research concerning attributions and discounting
(Einhorn & Hogarth, 1986; Fishbein & Ajzen, 1975; Jones, 1979; Kelley, 1973; Nisbett & Ross, 1980).
It presumes that a person’s inclination to reciprocate depends on her judgment of the kindness or
unkindness of her counterpart’s behavior and that shemoderates her judgmentwhenever his behavior
is materially profitable for him.

Mathematically, we build on a framework from Segal and Sobel (2007). We include a formal state-
ment of the model in the Appendix. Here, we explain its workings via the games in Fig. 1, which
together spotlight responses to ambiguously motivated other-regarding behavior.

Figures 1A and 1B depict handoff games, which we designed by drawing on related examples in
Rabin (1993, Example 6) andDufwenberg andKirchsteiger (2004; GameG7).They parallel situations
in which one individual can opt into or out of a relationship with another, but if he opts in, the second
individual controls how the relationship works out. An individual may be working on a project, for
instance, and could retain the project and continue working on it. Or, alternatively, he could hand it
off to someone who will increase its overall return. If the second person is given the project, she can
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A. Unambiguous Game

B. Ambiguous Game
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Fig. 1 Handoff games in which a first mover’s handoff is either unambiguously motivated (panel A) or ambiguously
motivated (panel B), and a parallel dictator game (panel C)

conduct it in a way that respects the initial person’s concerns and is generous in giving him credit. Or
she could do the opposite, ignore his concerns and be miserly about crediting him.

Fig 1B is the best place to start. In the game there, the first mover can unilaterally garner 35 and
not engage with the second mover, who as a result would garner 0. Or, the first mover can hand off
control to the second mover. At that point, the second mover has the opportunity to split 70 between
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Table 1 Motivation scores for a player’s strategy as a function of how it impacts her counterpart as well as the player herself

Help Self Hurt Self

Help Other +1 – θi +1

Hurt Other –1 + θi –1

them. She can act generously, granting 50 to the first mover and 20 to herself, or miserly, granting the
reverse payoffs.

In Fig. 1A, the first mover’s unilateral option is worth 70 to him; all else remains as in Fig. 1B.
Meanwhile, Fig. 1C is a simplified dictator game (Camerer & Thaler, 1995; Dana et al., 2006;
Kahneman et al., 1986). In this game, the erstwhile firstmover does notmake a decision.The erstwhile
second mover simply selects between the generous and miserly splits of 70.

2.1. Motivations and motivation scores
Suppose the individuals in Fig. 1B anticipate that the first mover will hand off control to the second
mover and that the second mover will respond with generosity. How will they assess the motivation
underlying the second mover’s strategy?

Our model takes the anticipated strategy profile as given and generates an assessment in three
steps. First, it identifies all alternative pure strategies that would change at least one individual’s mate-
rial payoff. In the game of Fig. 1B, the second mover would have to act miserly in any such strategy.
Second, it compares the payoffs from the selected and alternative strategies and on that basis classi-
fies the second mover’s strategy into one of the four cells of Table 1. The second mover’s generosity
belongs in the upper-right cell: Relative to the alternative, it materially “helps” the other player, the
first mover, because he receives 50 and would receive less – 20 – if the second mover were miserly.
Furthermore, relative to the alternative, the second mover’s strategy materially “hurts” the second
mover herself. She receives 20 but would receive 50 by defecting. Third, based on this classification,
the model assigns the strategy a “motivation score” ranging from + 1, which corresponds to unam-
biguous kindness, to −1, which corresponds to unambiguous unkindness. Because the second mover
has forsaken a greater material payoff to improve the lot of the first mover, her generosity is deemed
a + 1. Thanks to her sacrifice, in the model her social motivation stands undoubted. She could not
have been motivated by material self-interest.

What about the first mover’s decision to hand off control? Our analysis stresses that in Fig. 1B,
this strategy can be viewed questioningly. First, the only alternative has him act unilaterally. Second,
handing off control yields the players 50 and 20, respectively, rather than the 35 and 0 they would
receive if the first mover acted unilaterally. So, while the first mover materially “helps” the second
mover (20 > 0), he also materially “helps” himself (50 > 35). His handoff is thus classified in the
upper-left cell. Third, on that basis, it receives a motivation score of 1 – θi, where θi is an individual-
specific discounting parameter satisfying 0 ≤ θi ≤ 1. This parameter dilutes assessments of the first
mover’s kindness (or unkindness) to account for the possibility that he is acting out of calculated self-
interest rather than genuine social motivation. Greater θi reflects greater discounting by individual
i.2

Theremainder of Table 1 is similarly derived. If a player sacrifices to reduce a counterpart’smaterial
payoff, her strategy is classified into the lower-right and scored – 1 (cf. Fehr & Gächter, 2002; Guala,
2012). Because she effectively paid to hurt the other player, the strategy is unambiguously mean.
On the other hand, reducing a counterpart’s material payoff while increasing one’s own receives a

2In the game of Fig. 1B, each player has just one relevant alternative to his anticipated strategy. In general, a player may have
many alternative strategies, and his motivation score will be the average score derived from comparing the anticipated strategy
with every alternative pure strategy. We discuss this aspect of the model in more detail in the context of Experiment 2, where
it plays a key role in generating our behavioral predictions.
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motivation score of – 1 + θi. Because such behavior may be driven by self-interest, it is not seen as
inherently mean. A second mover’s miserly response to a first mover’s handoff provides one example.
It materially hurts the first mover (relative to the alternative of generosity). But it also maximizes
the second mover’s own material payoff, so her intentions need not be unkind. In sum, 𝜃 dilutes
attributions of both kindness and unkindness.3

Player i’s total utility vi is given by vi = ui + λiujMiMij. Here, ui is the player’s utility for hismaterial
outcome. The latter term is his nonmaterial, socioemotional payoff. It reflects his utility from reci-
procity or the lack thereof. It includes his counterpart’s utility for her material outcome, uj, weighted
by several parameters. λi ≥ 0 indexes the player’s degree of social motivation; the greater is λi, the
more the player cares about reciprocating kindness with kindness and unkindness with unkindness.
Mi, and Mij are player i’s assessments of her and the other player’s motives. Combining motivation
scores multiplicatively allows for reciprocity. If a counterpart is kind, a player’s total utility rises as
she is increasingly kind in return. Likewise, if a counterpart is unkind, a player’s total utility rises as
she is increasingly unkind in return.

Ourmodelmay be applied to any two-player gamewith finite action sets.Moreover, the total utility
functions we specify satisfy a set of conditions identified by Segal and Sobel (2007) that guarantee the
existence of at least one Nash equilibrium. That is, given the payoffs and motivation scores we have
outlined, every two-player game includes at least one strategy profile from which neither player can
unilaterally deviate to increase his or her total utility. Many games will, of course, permit multiple
equilibria. For instance, if the second mover’s λ is sufficiently large and her θ is sufficiently small,
then the game of Fig. 1B supports an equilibrium in which the first mover hands off to the second
mover, who then reciprocates with generosity. A unilateral action by the first mover that is met with
miserliness by the second mover, however, also forms an equilibrium, for any values of λ and θ.

Note that when players are either mutually kind or mutually unkind, our model has their total
utilities increase in each other’s material payoffs. Ceteris paribus, each player is thus better off by
granting the other a greater material gain. This feature is compelling in the case of the positive reci-
procity on which we focus. It is not compelling in the case of negative reciprocity. Modeling negative
reciprocity when motives are ambiguous would require a different approach. For instance, the basic
logic underlying ourmotivation scores could be added to themodels by Rabin (1993) or Dufwenberg
and Kirchsteiger (2004).

Before we derive our model’s predictions for the games in Fig. 1, we note that our model reduces
extensive form games to their normal form. Unlike Dufwenberg and Kirchsteiger’s (2004) theory of
reciprocity, which is fully history-dependent, it thus cannot address issues concerning how players
might revise assessments of motivations off the equilibrium path. But as suggested by the above dis-
cussion of motivation scores, and as we explain in more detail below, anticipated actions off the path
of play nevertheless factor into the assessment of motivations.

2.2. Altering the unilateral action impacts attributions
How does increasing the first mover’s incentive for unilateral action from 35 to 70 (Fig. 1B vs. 1A)
impact attributions, motivation scores, and behavior? If the players continue to anticipate a handoff
and ensuing generosity, the second mover’s material payoff is unaffected. It remains 20. But the first
mover’s social motivation is now signaled more clearly: By handing off control, he ends up with 50
rather than 70. He thus now hurts himself to help the second mover, and his motivation score is + 1
rather than 1 – θ. Because foregoing the handoff in favor of unilateral action is materially more prof-
itable than receiving generous behavior, a handoff cannot be motivated by tactical self-interest and

3As we detail in the Appendix, motivation scores in strategy profiles involving mixed strategies are probability-weighted
averages of the motivation scores accrued under each resulting pure strategy profile. Conceptually, this approach follows
Dufwenberg and Kirchsteiger (2004) in viewing mixed strategies as reflecting incomplete information about population
behavior and not as an individual’s conscious decision to randomize (see also Segal & Sobel, 2007).
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must instead reflect genuine caring. As long as θ> 0, the second mover should therefore be more
likely to reciprocate with generosity in Fig. 1A than Fig. 1B.

There are many additional other-regarding motivations beyond a desire for reciprocity. With that
in mind, consider the simplified dictator game in Fig. 1C, which eliminates the erstwhile first mover’s
decision. Because he has no chance to act, he does not have an opportunity to treat the erstwhile
second mover positively and cannot earn any reciprocal treatment. He may still benefit, however,
from additional other-regarding motivations. Two such motivations may be particularly pertinent.
His counterpart may be altruistic, willing to engage in self-sacrificing, generous behavior that is not
conditioned on any antecedent or expected behavior (Falk et al., 2003; Fletcher & Zwick, 2007; Krebs,
1970). Or his counterpart could act generously because she believes she is supposed to behave that
way, expects that the first mover or the experimenters may judge her on that basis, and is averse to
being judged negatively (Dana et al., 2006). In Fig. 1C, the erstwhile second mover’s choice between
generous andmiserly behavior may be seen as tapping a baseline level of other-regard from these two
sources. The interest in reciprocity captured by our model will add to this baseline.

Our model therefore makes the intuitive, overall prediction that from Fig. 1C to 1B to 1A, as first
movers forego an increasingly attractive unilateral option, secondmovers should become increasingly
likely to respond generously. In Fig. 1C, the erstwhile first mover cannot impact the second mover.
He is therefore judged neutrally and as not meriting reciprocity. In Fig. 1A, by handing off, the first
mover helps the second mover and hurts himself. His behavior is thus judged as unquestionably kind
and fully deserving of reciprocity. Fig 1B engenders a middle ground. By handing off in this game,
the first mover helps the second mover but also helps himself. His motives are therefore ambiguous.
Consequently, his kindness is discounted, and his behavior is viewed as intermediately deserving of
reciprocity.

2.3. Comparisons with prior accounts of reciprocating good treatment
As we havementioned, existing game-theoretic analyses have trouble withmiddle ground. By Rabin’s
(1993) theory, anyonewho stands to gainmaterially fromhis own actions is deemed fully undeserving
of positive reciprocity, irrespective of the effects his actions have on others. In our handoff games,
this approach implies that a first mover forgoing 35 is perceived as entirely undeserving of positive
reciprocity, just like a passive, erstwhile first mover who does not get a chance to act. Thus, Rabin’s
(1993) theory implies that second movers will act equivalently across Fig. 1C and 1B.

Dufwenberg and Kirchsteiger’s (2004) theory views a person as fully deserving of positive reci-
procity if he helps his counterpart, and his chosen actions expose him to a potential material loss
relative to his alternative actions. It views a person as fully undeserving of positive reciprocity if he
helps his counterpart but his actions do not leave him exposed. It thus casts both a first mover who
foregoes 35 and a first mover who foregoes 70 as fully deserving of positive reciprocity. By giving up
either payoff, the first mover helps the second mover and leaves himself vulnerable to receiving only
20. In sum, Dufwenberg and Kichsteiger’s (2004) analysis implies that second movers will behave
equivalently across Fig 1A and 1B.4

4Mathematically, both Rabin (1993) and Dufwenberg and Kirchsteiger (2004) employ notions of efficiency to handle
ambiguous motivations. Loosely speaking, only strategies that satisfy a version of Pareto efficiency “count” in assessing a per-
son’s motives. Using Pareto efficiency in such a way is ingenious. It allows these theories to implicitly account for whether
someone benefits from his own actions, even though they score an individual’s motivation (or “kindness”) solely on the basis
of the material payoff his actions make available to his counterpart. This is because within the set of Pareto efficient strategies,
giving a counterpart more implies taking less for oneself.

There are, however, two fundamental limitations to these theories’ efficiency-based approach. First, it is not sensitive to
changes in a counterpart’s material payoffs that do not alter the set of efficient strategies. Second, it rules out any psychological
payoffs whenever there is only a single strategy in the efficient set. Our model is not susceptible to these limitations, and
Experiment 1 concerns the first limitation. Our closing discussion of positive reciprocity in the ultimatum game speaks to the
second limitation.
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Table 2 Motivation scores in our model and associated predictions about reciprocity, for both Experiments 1 and 2. The
motivation scores reflect the strategy profiles and equilibria detailed in the text and formally derived in anonline supplement
available at https://osf.io/7k5n9/

Motivation Scores Reciprocity

Experiment 1 1st-Mover
Handoff

2nd-Mover
Generosity

Predicted 2nd-Mover
Generosity

Unambiguous Handoff Game (Fig. 1A) +1 +1 Highest

Ambiguous Handoff Game (Fig. 1B) 1 – θi +1 Intermediate

Dictator Game (Fig. 1C) N/A +1 Lowest

Experiment 2 1st-Mover
Cooperation

2nd-Mover
Cooperation

Predicted 2nd-Mover
Cooperation

Sequential Prisoners’ Dilemma 1 – θi +1 Lower

Endogenous-Sequencing Prisoners’
Dilemma, “Fast”

+1 +1 Higher

Falk and Fischbacher’s (2006) theory of reciprocity and social comparisons is concerned with con-
siderations of equity. It holds that a person is judged as kind if he provides his counterpart with as
much or more than he himself receives. He is judged as unkind if he provides his counterpart with
less than he himself receives. Judgments are tempered if an individual cannot influence the players’
relative standing. For instance, someone who has no choice but to provide his counterpart with more
than he himself receives is viewed as less kind than someone who could have taken the greater share
for himself. This setup distinguishes between Fig. 1C and the two handoff games because the erst-
while first mover in Fig. 1C cannot affect the players’ outcomes and is therefore judged neutrally.
Contingent on the players’ relative standing being held constant, however, it is beyond the scope of
the theory to distinguish behaviors that do or do not improve a player’s own outcome compared to
his alternatives. In other words, Falk and Fischbacher’s (2006) theory does not address ambiguous
motivation. It therefore makes equivalent predictions across Fig. 1A and 1B.

In sum, regarding second-mover behavior, Rabin’s (1993) theory equates Fig. 1B and 1C, while
Dufwenberg and Kirchsteiger’s (2004) and Falk and Fischbacher’s (2006) theories equate Fig. 1A and
1B. Among accounts of reciprocity, only our model predicts that the frequency of second-mover
generosity in Fig. 1B will fall in between that of Fig. 1A and 1C. We will test this prediction in
Experiment 1.

3. Open practices statement
The data, analysis code, and study materials for both experiments reported here are publicly avail-
able at the project’s Open Science Framework (OSF) website: https://osf.io/7k5n9/. Experiment 1 was
preregistered at https://doi.org/10.17605/OSF.IO/GN6H8.

4. Experiment 1: Handoff games
4.1. Method
4.1.1. Preregistration.
We preregistered our experimental design, data collection, exclusion criteria, and statistical method-
ology at https://doi.org/10.17605/OSF.IO/GN6H8. In line with our model’s predictions (Table 2), we
preregistered that second movers in the unambiguous game (Fig. 1A) would be more generous than
second movers in the ambiguous game (Fig. 1B), who would in turn be more generous than dictators
in the dictator game (Fig. 1C).
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Participants.We recruited a total of 7,792 US adults on the online platforms Connect and Amazon
Mechanical Turk (51.8% identified as female, 47% as male, and 1.2% as nonbinary or other gender;
Mage = 41.1). For recruitment on Mechanical Turk, we used CloudResearch (Litman et al., 2017).
This sample size reflects a preregistered target that we explain below. Each participant received $.60
plus a bonus payment based on the outcome of their game.

As preregistered, we excluded 809 or 10.4% of participants for failing at least one of two attention
checks. The exclusion rate differed significantly across conditions, χ2(1, 7792) = 41.1, p< .0001. But
importantly, it did not differ significantly across the three critical conditions, p = .9, and was lower
in these conditions (7.5%) than in most other conditions. After exclusions, our final sample included
6,983 participants. All results and their statistical significance remain qualitatively unchanged in
analyses that include all participants.

4.1.2. Procedure
We implemented the games in Fig. 1 with payoffs in US cents. Data collection proceeded in three
waves, each of which consisted of several distinct tasks on the online platforms (i.e., subsamples).
Each wave was run on a single day, and the three waves were run on consecutive days. In Wave 1,
we randomly assigned participants to be either the first mover in the unambiguous handoff game
in Fig. 1A, the first mover in the ambiguous handoff game in Fig. 1B, or the passive counterpart to
a dictator in Fig. 1C. Wave 2 featured the experiments’ three critical conditions: Participants were
randomly assigned to be either the second mover counterpart to a first mover who opted in to the
unambiguous handoff game (Fig. 1A), the second mover counterpart to a first mover who opted in
to the ambiguous handoff game (Fig. 1B), or the dictator (Fig. 1C). Our model’s predictions concern
participants in these critical conditions. Finally, in Wave 3 we randomly assigned participants to be
the second mover counterpart to either a first mover who opted out for 70 cents (Fig. 1A) or a first
mover who opted out for $.35 (Fig. 1B). These participants could not affect the outcome of their
game. Note that this scheme deviates slightly from our preregistered strategy. We had planned for
the second wave to include the passive second movers along with the active second movers and the
dictators. Ultimately, we decided to collect the critical data from the latter prior to collecting the data
from the passive second movers because we worried about the data quality as we went deeper into
the participant pool.

We preregistered to terminate data collection once we reached a target of 700 first movers opting
in to each of the handoff games and 350 dictators. Because of operational issues arising from the sheer
size of the experiment, we ended up with slightly larger subsamples in the two handoff games. Our
results and their statistical significance remain qualitatively unchanged if we restrict our analyses only
to the first 700 handoff games involving first movers who opt in and the first 350 dictator games.

4.1.3. Materials
The experiment consisted of Qualtrics web forms (). Dictators, first movers, and second movers
responding to first movers who had opted in were informed that they would make a decision that
would affect both themselves and another participant. On a single screen and in everyday language,
they were then presented with instructions explaining (one of) the games in Fig. 1. The first mover’s
unilateral action was described as “opting out” and “receiving $.70 [.35],” while the second mover
would “not receive anything.” The first mover’s engagement was described as “opting in” so that the
second mover could decide between “two ways of splitting $.70.” In the critical conditions involv-
ing dictators and second movers responding to first-mover opt-ins, the order in which the different
actions were presented (left vs. right) was randomized. Passive participants in the dictator games and
second movers matched with first movers who had opted out were presented with the same game
descriptions. They were informed of the decision made by their counterpart but were not themselves
asked to make any decision.
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Table 3 Proportions of first-mover opt-ins and second-mover generosity in Experiment 1, for participants who passed both
attention checks

First-Movers Opting In Dictator and Second-Mover Generosity

Unambiguous Game (Fig. 1A) 32.6% 59.2%
(623/1,911) (388/655)

Ambiguous Game (Fig. 1B) 48.8% 50.7%
(600/1,229) (330/651)

Dictator Game (Fig. 1C) N/A 19.8%
(64/323)

All participants then answered two simple attention checks. They also provided demographic
information and indicated what kind of device (laptop vs. tablet vs. phone vs. other) they were using.
The complete sequence of instructions from every condition is available at https://osf.io/7k5n9/.

4.2. Results
In the ambiguous game, in which first movers could opt out for $.35, 48.8% of first movers opted in
(Table 3). In the unambiguous game, where first movers could opt out for $.70, only 32.6% of first
movers opted in. The difference across conditions was statistically significant, χ2(1, 3140) = 82.8,
p< .0001.

More critically, consider second movers and dictators. As predicted by our model, and in line
with our preregistration, these players were increasingly generous as we move from Fig. 1C to 1B
and on to 1A. In Fig. 1C, only 19.8% of dictators acted generously (Table 3). In Fig. 1B, where a
first mover’s motives for opting in were ambiguous, 50.7% of second movers responded generously.
The increase in generosity is significant χ2(1, 974) = 85.4, p < .0001. Finally, in Fig. 1A, where a
first mover’s opting in was unambiguously prosocial, 59.2% of second movers responded generously.
This additional increase in generosity is also significant, χ2(1, 1306) = 9.63, p< .01. In sum, second-
mover behavior reflects sensitivity to ambiguous motives. Relative to second movers in Fig. 1A and
1C, second movers in Fig. 1B show an intermediate tendency to reciprocate ambiguously motivated
positive behavior.

4.3. Discussion
Experiment 1 documents an intermediate tendency to reciprocate ambiguously motivated posi-
tive treatment. It also speaks to influential work that demonstrates that some well-studied games
confound interest in reciprocity with distributional concerns like inequality aversion and efficiency-
seeking and is therefore skeptical about whether instances of positive reciprocity are prevalent
(Charness & Rabin, 2002, 2005). For instance, in a sequential prisoners’ dilemma, a second mover
who cooperates in response to a first mover’s cooperation may not be driven by a preference for
helping those who help her. She may instead have a preference for equality; that is, she may be
inequality-averse (Bolton et al., 1998; Bolton & Ockenfels, 2000; Charness & Haruvy, 2002). Or she
may not want to be “wasteful”and thus strive to maximize the parties’ joint return; that is, she may
be efficiency-seeking (Engelmann & Strobel, 2004). Such social preferences are surely widespread,
but Experiment 1 is not straightforwardly susceptible to them. In the games of Fig. 1, second movers
select between unequal distributions that hold constant the sum of player’s payoffs. Equal treatment
is not possible, nor is waste.

4.3.1. Reciprocating good treatment versus rewarding good people
Levine (1998) proposed a theory that applies to many of the same settings as our model. But whereas
we are concerned with reciprocity and a preference for repaying good treatment, Levine focuses on
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altruism and a preference for rewarding altruistic people. Because of this subtle yet fundamental dif-
ference between the two accounts, Levine’s theory cannot account for the results of our experiments.
To explicate, we next briefly revisit our model, then fully introduce and detail Levine’s theory, and
finally apply each account to Experiment 1.

The desire to reciprocate good treatment that is at the heart of ourmodel concerns behavior within
a specific game. Players consider whether their counterpart is being nice to them. Given a counter-
part’s nice strategy, they may be inclined to respond with a nice strategy. This may be viewed as a
preference for closing a circle of good deeds. As an example, in our initial scenario, Michelle might
wish to be nice to Elliott because he has been nice to her.

Levine’s (1998) theory is not about closing a circle. Instead of focusing exclusively on behavior
within a specific game, it concerns proclivities across games. Players consider whether their counter-
part is in general nice, not whether their counterpart is being nice to them; whether their counterpart
is being nice to them is merely a signal of that individual’s general tendencies. Players are inclined to
treat nicely those people who in general tend to be nice. To illustrate, Michelle might wish to be kind
to Elliott because she likes treating good people well, and the positive behavior he has exhibited con-
vinces her that he is indeed a good person. Rather than closing a circle, this is picking one’s spots for
one’s good deeds. In sum, whereas our model is about reciprocating good treatment, Levine’s theory
is about rewarding good people.

In Levine’s theory, the socioemotional payoffs from rewarding good people depend on both a
player’s own “type” and their beliefs about counterparts’ types. First, each player’s type lies some-
where between altruistic and spiteful. As a player is increasingly altruistic (spiteful), they increasingly
prefer strategies that yield counterparts more (less) material utility. Simply put, altruists enjoy treat-
ing people nicely, whereas spiteful individuals enjoy treating people negatively. Second, players make
Bayesian inferences about others’ types based on observed behavior and, irrespective of their own
type, prefer strategies that yield more altruistic (spiteful) counterparts with greater (lesser) material
utility. Simply put, both altruists and spiteful individuals enjoy treating nice people relatively nicely
and mean people relatively meanly.5

Levine imposes reasonable limits on players’ altruism and their beliefs about others’ altruism. He
restricts types to allow for people who enjoy benefiting others to some extent but not for saints who
simply prioritize others’ material welfare over their own. To operationalize this restriction, Levine
requires that absent downstream strategic consequences, every player always prefers to keep a unit of
material utility over giving it away for socioemotional payoff (within the mathematical formulation
of the theory, this requirement follows from types that lie in the interval from – 1 to + 1).

In Experiment 1, Levine’s theory naturally yields second-mover beliefs that parallel the logic of
our model. Let Fig. 1C be the baseline. In Fig. 1B, the first mover’s foregoing of a middling unilateral
option signals his potential altruism, and the second mover may accordingly update her beliefs about
his type. In Fig. 1A, his foregoing a highly valuable unilateral option is an even stronger signal that
should lead her to a more pronounced updating.

Such belief updating is perfectly in line with our results. Crucially, however, within Levine’smodel,
it does not yield an increasing inclination for second-mover generosity across Fig. 1A, 1B, and 1C.
Indeed, Levine’s theory does not accommodate any degree of generosity in any of those games.
Because of its no-saints restriction on types and because there are no strategic consequences that
hinge on the second mover’s decision between generosity and miserliness, the theory holds that
second movers must always prefer to keep 50 rather than 20 for themselves.

To appreciate the logic of Levine’s theory, it is worth applying the theory to Experiment 1 a bitmore
step-by-step. Once the first mover has acted and the second mover is deciding how to respond, the

5In a given game, this inclination may or may not be observable. For instance, if a player is sufficiently spiteful, even the
relatively nice treatment they give to a counterpart who they believe to be a nice person can be quite mean. Conversely, if a
player is sufficiently altruistic, even the relatively mean treatment that they will give to a counterpart who they believe to be
mean can be quite nice.
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second mover’s beliefs about the first mover’s type are fixed. The valence of the socioemotional pay-
offs of any two strategies available to her would then differ only if one strategy granted the first mover
positivematerial utility and the other consigned him to negativematerial utility. But in Experiment 1,
miserliness and generosity both provide the first mover with positive material utility and thus gen-
erate socioemotional payoffs of positive valence (of different magnitudes). The overall utility of each
strategy is a weighted sum of positive material utility from money the second mover assigns to her-
self (more from miserliness, less from generosity) and positive socioemotional utility from money
she assigns to the first mover (less from miserliness, more from generosity). As a result, the second
mover can choose generosity only if she prioritizes the first mover’s material welfare over her own,
which is ruled out.

Our model functions very differently precisely because it concerns a desire to reciprocate pos-
itive behavior, not to reward good people. Under our model, the second mover garners positive
socioemotional utility from responding generously to the first mover’s nice behavior and nega-
tive socioemotional utility from responding with miserliness to his nice behavior. Critically, the
gap between these utilities can be greater than the material utility loss she sustains from gener-
ously parting with money (even for a player with λ < 1). In other words, what drives generosity
is not that the second mover wishes to give sufficiently altruistic first movers money. It is that she
feels good if she repays nice treatment and feels bad if she doesn’t, and the gap between these
feelings can prod her to give. Lastly, our model allows for increasing generosity across Fig. 1A,
1B, and 1C because both the good and bad feelings, and hence the gap, are more pronounced
absent ambiguity about the first mover’s motivations in Fig. 1A than given ambiguity about them in
Sig. 1B.

5. Experiment 2: Who makes the first move?
In seminal sociological work, Gouldner (1960) notes that decisions about whether to make the first
move are intimately intertwined with issues of reciprocity. He considers two people who each hold
an item prized by the other and could conduct an exchange:

Each may then feel that it would be advantageous to lay hold of the other’s valuables without
relinquishing his own. Furthermore, suppose that each party suspects the other of precisely
such an intention … each is likely to regard the impending exchange as dangerous and
to view the other with some suspicion. Each may then hesitate to part with his valuables
before the other has first turned his over … each may say to other, “You first!” Thus the
exchange may be delayed or altogether flounder and the relationship may be prevented from
developing.

… reciprocity may serve as a starting mechanism in such circumstances by preventing or
enabling the parties to break out of this impasse.

Against the backdrop of Gouldner’s observations, we now experimentally contrast a standard,
sequential prisoners’ dilemma with an “endogenous sequencing” prisoners’ dilemma. In the stan-
dard game, the first mover can “defect” by claiming $2 for him or “cooperate” by generating $4 for
the second mover; then, the second mover can similarly claim $2 for herself or generate $4 for the
first mover. In the endogenous sequencing game, each player can also “defect” by claiming $2 or
“cooperate” by generating $4 for the other player. Ex ante, however, nothing distinguishes the players:
There is no assignment of players to the roles of first and second mover. Instead, there is a visi-
ble countdown, and at each moment of the countdown, either player can decide to make the first
move or not. That is, at each moment, a player may first-move cooperate, first-move defect, or sim-
ply continue to wait and see what happens. If a player does make the first move, the countdown is
stopped, the other player is informed of the move, and she is provided the opportunity to respond.
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If neither player moves before the countdown expires, they are placed in a simultaneous prisoners’
dilemma.

5.1. Less ambiguous first-move cooperation under endogenous sequencing
The ex-ante symmetry across players in our endogenous-sequencing game is reminiscent of the real-
time trust game (Murphy et al., 2006; Rapoport &Murphy, 2012). But in a departure from that setting,
first moves in our game can be cooperative. Crucially, our model suggests that the kindness of a first-
move cooperator will seem less ambiguous under endogenous sequencing than in the standard game
and, more importantly, that this effect will be magnified the more rapidly the person cooperates.

To introduce the relevant intuition, suppose that in each game the players expect that both
first-move defection and first-move cooperationwill be reciprocated.Themodel then succinctly char-
acterizes the ambiguity of standard game, first-move cooperation. This strategy yields each player $4,
while the first mover’s only pure strategy alternative, defection, yields each player just $2. First-move
cooperation thereby “helps” the second mover but also “helps” the first mover. It could potentially
reflect kindness or self-interest or some combination thereof. It is perceived as ambiguous and
receives a motivation score of + 1 – θi.6

Next, turn to the endogenous sequencing game. In this setting, first-move cooperation can be
perceived as less ambiguously motivated. The potential change in perceptions arises because there
are now additional alternatives to first-move cooperation, beyond first-move defection. In particular,
a player could pursue the maximal payoff by waiting, hoping his counterpart first move cooperates,
and if she does, then defect on her. This path of play would yield him $6, while she ends up with
nothing. In comparison to this path of play, engaging in first-move cooperation, which is expected to
yield each player $4, “helps” the second mover while “hurting” him. Note that the comparison is not
ambiguous: By first-move cooperating rather than pursuing the maximal payoff, a player eschews his
own self-interest and benefits his counterpart. His motivation score is thus + 1. In essence, while a
standard-game first-move cooperator does not bear a cost for helping the counterpart, an endogenous
sequencing first-move cooperator does. Bearing this cost lends credence to the possibility that the
person is genuinely other-regarding rather than tactically self-interested.

Finally, consider the speed with which a player first-move cooperates under endogenous sequenc-
ing. As he acts more rapidly, he more emphatically eschews pursuit of the maximal possible payoff.
Immediately cooperating sends the clearest signal: There is no chance the player was trying to wait
out his counterpart and planning to defect if she made a cooperative initial move. Waiting dilutes the
signal. It generates some ambiguity about the player’s motives – maybe he would have defected if his
counterpart had already cooperated.

The foregoing analysis suggests two empirical predictions. First, many endogenous sequencing
games will feature rapid, first-move cooperation. Players will be willing to make themselves vulner-
able to a counterpart’s defection because they realize that doing so renders their kindness credible
and thus best allows them to pursue positive reciprocity. Second, rapid first-move cooperation will
be reciprocated at a higher rate than first-move cooperation in the standard game.

5.1.1. A reciprocating equilibriumwith fast first-move cooperation
Table 2 summarizes our empirical predictions, which we formally derive in an online supplement
available at https://osf.io/7k5n9/. We do so by analyzing a set of endogenous sequencing strategy
profiles that capture the aforementioned intuition. We suppose that both players anticipate that the

6This calculation of motivation scores resembles the calculation for the game in Fig. 1B. But it better highlights that con-
ditioning players’ judgments on an entire anticipated strategy profile is a crucial feature of our model and sensibly so. That is,
anticipated actions off the path of play necessarily factor into the assessment of motivations. For instance, in the sequential
prisoners’ dilemma, first-move cooperation is only ambiguous if the second mover is expected to reciprocate defection as well
as cooperation. Both expectations are necessary for cooperation to be materially beneficial for the first mover, which in turn
engenders second mover discounting of his genuineness.
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other would first-move cooperate at some point in time and would reciprocate both first-move coop-
eration and first-move defection. These strategy profiles extend the standard, sequential game profile
in which the first mover cooperates and the second mover reciprocates both cooperation and defec-
tion. They involve players who are maximally willing to be a part of mutual cooperation as well as
mutual defection.

We show that in the resulting equilibria, the first-move cooperator accrues a motivation score
between + 1 – θ and + 1 rather than the + 1 – θ accrued by a first-move cooperator in the standard,
sequential game. Moreover, the earlier he must act to make the first move, the closer his motivation
score approaches + 1. A similar analysis holds for the second mover, whose overall motivation score
also approaches + 1 as the first move comes earlier.

While our model permits other equilibria, the formal analysis suggests the two empirical predic-
tions presented above: Many endogenous sequencing games will feature rapid, first-move cooper-
ation, and such rapid first-move cooperation will be reciprocated at a higher rate than first-move
cooperation in the standard game.

5.1.2. Extant game-theoretic analyses
Levine’s (1998) theory can in principle accommodate our predictions. In his framework, altruistic
types may convincingly signal their other-regard via rapid cooperative first moves, which would
then be reciprocated at higher rates than slower cooperative first moves. Because the endogenous-
sequencing game’s strategy space is relatively large, however, the specific distributions of types and
beliefs required by the relevant equilibria may be quite complex.

Other theories do not as readily accommodate our predictions. Rabin (1993) andDufwenberg and
Kirchsteiger (2004) judge rapid first-move cooperation as kinder under endogenous sequencing than
in the standard game. In the standard game, the first mover’s cooperation grants the second mover
$4 when she would otherwise garner $2; under endogenous sequencing, it grants her $4 rather than
the $0 she would accrue were the first mover to wait, see her cooperate, and then defect on her. Both
theories thus predict that first-move cooperation will be reciprocated at a higher rate under endoge-
nous sequencing. But in the class of equilibria we have outlined, both theories view all cooperative
first moves as equally kind – regardless of their timing. So, they do not make the key prediction that
quicker first-move cooperation is more likely to be reciprocated than slower first-move cooperation.

We also note that our model, as well as Rabin’s (1993) and Dufwenberg and Kirchsteiger’s (2004),
can reach the predictions we have highlighted by drawing on less parsimonious mixed strategy equi-
libria that do not reflect the intuition that rapid first-move cooperation is a strong signal of social
motivation. Finally, Falk and Fischbacher (2006) do not make any such predictions. The distinction
between endogenous sequencing and the standard game is not germane to their theory.

5.2. Method
Participants. A total of N = 235 undergraduates at UCSD’s Rady School of Management took part
in our experiment and subsequent unrelated studies. Their mean age was 21 years and 129 of them
(54.9%) were female. As in Experiment 1, they received course credit for participating and were paid
according to their game outcome. Our prior experience at the Rady lab suggested that during the
period when the experiment took place, two weeks’ worth of sessions would yield sufficiently many
participants. We thus conducted sessions during two Monday through Friday periods.

Participants answered five training questions during the course of the instructions (and, unlike
in our other experiments, they did so before responding to the dependent measures). They correctly
answered an average of 4 of the 5 questions. On average, they answered slightly fewer questions cor-
rectly in the endogenous sequencing condition, but the difference was not significant (p = .37). We
did not exclude any participants from the analyses that follow; our results are qualitatively unchanged
if only participants who correctly answered all five questions are included.
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Table 4 First- and second-mover cooperation and defection in the standard, sequential and endogenous-sequencing games
in Experiment 2

1st-mover
C

2nd-Mover
Reciprocity
of C with C

2nd-Mover
Reciprocity
of D with D

Simultaneous
Game if Timer
Expired, C

Median // Mean Time
Elapsed before 1st

Move (% of total time)

Standard
Sequential

30/45
(66.7%)

21/31
(67.7%)

15/16
(93.8%)

N/A N/A

Endogenous-
Sequencing,
Aggregated

53/69
(76.8%)

39/50
(78.0%)

14/17
(82.4%)

1/7
(85.7%)

N/A
(15.0% // 24.8%)

Endogenous-
Sequencing,
20 Seconds

16/20
(80%)

9/13
(69.2%)

4/5
(80%)

0/2
(0%)

6 // 8.2 seconds
(30% // 41.1%)

Endogenous-
Sequencing,
60 Seconds

21/29
(72.4%)

17/20
(85%)

6/8
(75%)

1/5
(20%)

9 // 10.8 seconds
(15.0% // 18.1%)

Endogenous-
Sequencing,
120 Seconds

16/20
(80%)

13/17
(76.5%)

4/4
(100%)

N/A 13 // 24
seconds (11%
// 19.9%)

Procedure. We conducted sessions of between 6 and 20 participants in the same room and using
the same methods as in Experiment 1. Each session was randomly assigned to either the sequential
condition or an endogenous-sequencing condition with a countdown length of 20, 60, and 120 sec-
onds (which we varied for robustness). In the sessions featuring the standard, sequential game,
participants were then randomly assigned the role of first or second mover. In all sessions with an
odd number of participants, a research assistant who was blind to our hypotheses filled in. Research
assistants were not remunerated for their choices, and we do not include their data below.

Materials. The experiment was programmed in z-Tree (Fischbacher, 2007). Screenshots of the
complete instructions, which did not use the terms defection or cooperation, are available on the
OSF at https://osf.io/7k5n9/.

Each player was initially credited with $2. At any moment during the countdown, each player
could continue to “wait,” choose to “keep” his $2, or choose to “give” his money to his counterpart,
with the proviso that if a player chose to give then we as the experimenters would add $2 to the
amount conveyed, so that the counterpart would receive a total of $4. Keeping constitutes defection,
while giving constitutes cooperation. If either player chose to “keep” or “give,” the countdown imme-
diately stopped, and the other player was informed of the move and provided with the opportunity to
respond.7 Finally, if neither player chose to “keep” or “give” before the countdown expired, the players
were placed in a simultaneous prisoners’ dilemma (and this was common knowledge).

5.3. Results
As Table 4 shows, in the standard game, 66.7% of first movers cooperated, 67.7% of second movers
responding to cooperation reciprocated with cooperation, and 93.8% of second movers responding
to defection reciprocated with defection.

More importantly, behavior under endogenous sequencingwas consistentwith our analysis. Recall
the initial element of our prediction: Games will often end quickly via first-move cooperation. The
rightmost column of Table 4 confirms that many games were indeed over very rapidly, in a matter
of seconds. Collapsing across the various timer lengths, the median time elapsed before a first move

7Thez-Tree programmade sure there were no “nearly simultaneous”moves, by which a secondmover keeps or gives slightly
later than an initial mover keeps or gives but does not yet know how the initial player acted. As soon as a player made the first
move, the software notified the other player and requested an explicit response to the first mover’s keeping or giving.
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Endogenous Sequencing: % of timer expired
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Fig. 2 First movers’ behavior in the standard, sequential (left) and endogenous-sequencing (right) games in Experiment 2

was approximately 15% of the countdown. This aggregate statistic includes the very short 20-second
games, in which a median time elapsed of a mere 6 seconds corresponds to 30% of the countdown. In
what follows, we employ 20% of the countdown as a conservative cutoff defining fast versus slow first
moves, and we show that our conclusions are qualitatively unchanged as the cutoff is moved earlier.

Figure 2 provides initial evidence that games typically ended quickly because one of the players
elected to first-move cooperate: 34 of the 39 first moves that occurred within the initial 20% of the
countdown were cooperative (87.2%; right panel, leftmost bar). As Table 4 shows, the prevalence of
cooperation remains very high as the cutoff defining fast versus slow first moves is pushed earlier. For
instance, 22 of the 25 first moves occurring within the initial 10% of the countdown were cooperative
(88%).

Recall the second critical element of our prediction: Quick first-move cooperation under endoge-
nous sequencing will be reciprocated at a higher rate than first-move cooperation in the standard
game. Figure 3 illustrates that the data support this prediction: 30 of the 33-secondmovers responding
to cooperative first moves within the initial 20% of the countdown reciprocated cooperation (90.9%;
right panel, leftmost bar). This reciprocity rate significantly exceeds that of the standard game (30/33
vs. 21/31, p = .03 by two-sided Fisher’s exact test).

Table 5 indicates that this conclusion is robust to earlier cutoffs defining fast versus slow first
moves. For instance, 21 of the 22 responses to cooperative first moves occurring within the initial
10% of the countdown were themselves cooperative (95.5%). These results are consistent with our
claim that potent signals of genuine kindness can catalyze high rates of reciprocity.

Importantly, secondmovers reacting to quick firstmoves under endogenous sequencing are largely
unaffected by selection bias.They are not necessarily unwilling tomake a quick firstmove; theymerely
happen to be paired with an individual who moved very quickly. Thus, they are directly comparable
to secondmovers in the standard game. In contrast, secondmovers who faced slow firstmovers chose
not to make an early first move and thus form a biased sample.
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Endogenous Sequencing: % of timer expired
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Fig. 3 Secondmovers’ responses to first-mover cooperation in the standard, sequential (left) and endogenous-sequencing
(right) games in Experiment 2

Table 5 Positive reciprocity in the standard, sequential game and in games of various speeds under endogenous sequencing
in Experiment 2

1st-Mover C 2nd-Mover Reciprocity ofC with C

Standard Sequential 30/45 21/31
(66.7%) (67.7%)

1st Move in≤ 5% of Countdown 8/11 9/9 *
(72.7%) (100%)

1st Move in≤ 10% of Countdown 22/25 21/22 **
(88%) (95.5%)

1st Move in≤ 15% of Countdown 29/34 26/29 *
(85.3%) (89.7%)

1st Move in≤ 20% of Countdown 34/39 30/33 **
(87.2%) (90.9%)

1st Move after> 20% of Countdown 19/30 9/17
(63.3%) (52.9%)

Note. * means p< .1 and ** means p< .05, vs. the standard sequential game, Fisher’s exact test.

Notwithstanding this caveat, an OLS regression shows that the likelihood of second movers
responding to cooperation with cooperation decreased substantially for each percentage point of the
countdown elapsed prior to the cooperative firstmove (bElapsed = − .89, SE = .21, t = − 4.16, p< .001).
To put this estimate into context, the regression model estimates reciprocity rates of 97% for instan-
taneous first-move cooperation and just 8% for first-move cooperation just prior to the countdown
expiring.
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5.4. Discussion
Experiment 2 indicates that fast first-move cooperation in one-shot endogenous sequencing prison-
ers’ dilemmas sends a powerful signal about a cooperator’s good intentions.This finding complements
the unraveling of cooperation observed in repeated real-time trust games, in which sequencing is also
endogenous, but first moves cannot be cooperative (Murphy et al., 2006; Rapoport & Murphy, 2012).
It also speaks to influential work that is skeptical about whether instances of positive reciprocity are
prevalent (Charness &Rabin, 2002, 2005). To reiterate, this workwas catalyzed by papers that showed
that much behavior ascribed to positive reciprocity may reflect other social preferences, like inequal-
ity aversion or efficiency-seeking (Bolton et al., 1998; Bolton & Ockenfels, 2000; Charness & Haruvy,
2002; Engelmann & Strobel, 2004). But the pronounced tendency to reciprocate rapid first-move
cooperation under endogenous sequencing cannot be explained by such preferences. Under endoge-
nous sequencing, second movers’ ability to avoid inequality or strive for efficiency is not impacted
by whether the first mover acted relatively rapidly or slowly. Nor is it impacted by whether the game
being played is an endogenous sequencing interaction or a standard sequential interaction.

6. General discussion
We have introduced an attributional model of reciprocity in which people judge whether good
treatment they receive is motivated by genuine kindness, tactical self-interest, or some combina-
tion thereof. The model’s key contribution lies in how it handles ambiguity. It allows players to
maintain divergent hypotheses: Good treatment can be perceived as partially caring and partially
self-interested, and players become increasingly inclined to reciprocate as they increasingly perceive
good treatment to reflect caring rather than self-regard. Previous analyses did not handle ambiguity
in this realisticmanner.They resolved rather thanmaintained ambiguity.They treated the hypotheses
of caring and tactical self-interest as mutually exclusive and required that people commit to one and
dismiss the other. In turn, they required that any positive behavior be viewed as either fully meriting
reciprocity or entirely unworthy of it.

By highlighting the notion of positive reciprocity given ambiguously motivated treatment, our
models yield three benefits.The first concerns the data we collect. Ourmodel accommodates intuitive
patterns of play, which previous analyses did not and which we experimentally corroborate. These
patterns involve intermediate tendencies to reciprocate ambiguously motivated behavior.

Applying our model to settings in which past research suggested that positive reciprocity does
not matter much yields two additional benefits. Because it handles ambiguity more realistically than
previous theories, ourmodel is able to uncover positive reciprocity where it had previously been over-
looked. Specifically, it highlights that the same action can appear generous (and meriting reciprocity)
to one person and miserly (and not meriting reciprocity) to another. Appreciating such diversity
in perceptions helps explain well-known results from gift exchange and trust games. In addition,
our model challenges the conventional view that unraveling in finitely iterated prisoners’ dilemmas
and generous offers in ultimatum games are inconsistent with positive reciprocity. It shows that both
phenomena readily fit with a preference for repaying ambiguously motivated good treatment.

While our findings suggest that positive reciprocity may be more common than previously
thought, we note that the relatively high reciprocal cooperation rates we observe could be partic-
ular to our participant samples, namely US online participants and undergraduates. To take just one
relevant example, it is known that some patterns of cooperation aremore prevalent amongAmericans
than Japanese (Yamagishi et al., 2005, 2007).

6.1. Diverse perceptions of others’ motives
In gift exchange and trust games, a first mover decides what portion of an endowment to transfer to
the second mover and what portion to keep, and a second mover then does likewise (for reviews, see
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Gilchrist et al., 2016; Johnson&Mislin, 2011). In these games, in which players choose among several
levels of generosity versus miserliness, our model emphasizes that the same action may be viewed
as positive, negative, or neutral, depending on a person’s perceptions of self-interest and caring.
For instance, is transferring a small portion of the endowment generous or miserly? To someone
who believes that self-interest predominates, even a minimal transfer can seem generous and consti-
tute positive treatment. On the other hand, to somebody who believes that kindness predominates,
minimal transfers can seem miserly and constitute negative treatment.

This diversity in perceptions can lead to diversity in second movers’ reactions – which suggests
that the relationship between first and second moves in gift exchange and trust games may be noisy.
Indeed, correlations between first- and second-mover transfers are typically modest (Johnson &
Mislin, 2011; also Cox, 2004) and often not statistically significant (e.g., Pillutla, Malhotra, &
Murnighan, 2003). The low correlations and their lack of robustness are frequently interpreted as
a lack of positive reciprocity. In contrast, our model suggests that they reflect diversity in perceptions
of motives and that they are entirely consistent with positive reciprocity.

Stanca et al. (2009)’s contrast of standard and “decoupled” gift exchange illustrates the point. In
these authors’ experiment, firstmovers were initially endowedwith 20 experimental tokens and could
transfer any amount between 0 and 20 to a second mover. But while first movers in the standard
treatment knew that the second mover would subsequently have a chance to reciprocate (or not),
first movers in the decoupled treatment acted before being informed that the second mover would
have a chance to respond.

Stanca et al. (2009) reasoned that tactical motives could only underlie first-mover behavior in the
standard but not decoupled game. Only in the former could first movers anticipate that they could
influence second movers. Accordingly, Stanca et al. (2009) predicted greater first-mover generosity
in the standard game. This prediction, which is in line with our model, was strongly corroborated.

On the other hand, Stanca et al. (2009) also predicted greater second-mover generosity in the
decoupled game because any generosity in that game must be genuine rather than tactical. Yet col-
lapsing across all possible first-mover gifts, the average second-mover return gift was only modestly
greater under decoupling (their Tables 2 and 7). This finding appears to beg the question of whether
second movers distinguished between different first mover motivations. By our model, however, it
simply highlights the importance of diversity in perceptions of motivations.

Consider a decoupled first mover who gives 5 of his 20 tokens to the second mover. Is he acting
kindly or unkindly? Compared to more generous gifts, the first mover has hurt the second mover
and helped himself, so that the motivation score is – 1 + θ. Compared to less generous gifts, the
first mover has helped the second mover and hurt himself, so that the motivation score is + 1.
Averaging over the 15 more generous and 5 less generous gifts yields a total motivation score of
[15(–1 + θ) + 5(+1)]/20 = – ½ + ¾θ, which can be negative or positive for different values of
θ. Whether the first mover has been kind or unkind is thus open to interpretation.

The same first-mover gift may then elicit disparate return gifts, depending on whether a second-
mover discounts a lot or a little. The relationship between initial and return gifts will in turn be
noisy in both the standard and decoupled games, rendering it difficult to isolate the impact of spe-
cific motivations. In this way, rather than revealing a limited impact of distinct first-mover motives
on second-mover reciprocity decisions, Stanca et al.’s (2009) gift exchange data reveal how diverse
perceptions attenuate the correlation between initial and return gifts.

6.2. Positive reciprocity in repeated prisoners’ dilemmas
In finitely iterated prisoners’ dilemmas, cooperation rates are initially high but then “unravel,” so
that defection becomes increasingly common as the final period approaches (see, e.g., Andreoni &
Miller, 1993). Many authors suggest that unraveling is inconsistent with a preference for reciprocat-
ing good treatment. They argue that given this preference, a history of mutual cooperation should
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engender subsequent mutual cooperation (Selten & Stoecker, 1986; see also Axelrod & Hamilton,
1981; Kreps et al., 1982). In contrast, our model implies that unraveling is entirely consistent with a
preference for repaying good treatment – once motivational ambiguity is accounted for. Players will
note that in early and middle periods, their counterpart’s cooperation may have been genuine. Or it
could have been tactical, designed to facilitate a stretch ofmaterially profitable, reciprocal cooperation
(Axelrod & Hamilton, 1981; Kreps et al., 1982). But then even long histories of mutual coopera-
tion may be attributed largely to self-interest rather than caring and deemed not to merit late-period
reciprocity.

6.3. Positive reciprocity in ultimatum games
By more realistically handling ambiguity, our model also points to the role of positive reciprocity in
ultimatum games. In the canonical instantiation of this game, two players divide a pot of money. The
“proposer” offers a specific split, which the “responder” can accept or reject. If she accepts the split,
it is implemented. If she rejects it, neither player receives anything. A vast experimental literature
reveals two stylized facts: many proposers are generous, offering an even or nearly even split, and
many responders reject miserly offers of less than about a quarter of the pot (Camerer & Thaler,
1995; Güth & Tietz, 1990; Oosterbeek et al., 2004; Tisserand, 2014).

To explain these stylized facts, researchers have focused on “threatening” equilibria and negative
reciprocity. In such equilibria, the proposer is generous because he anticipates that the receiver will
reject a miserly split. That is, he is compelled to act generously because of his counterpart’s power to
reject miserly offers. The stick of negative reciprocity is key (e.g., Falk et al., 2003; Levine, 1998).

Our model also offers this type of explanation. But unlike existing theories, it offers an additional,
complementary explanation in terms of ‘nice’ equilibria and positive reciprocity.8 In a nice equilib-
rium, the proposer’s generosity is not a reaction to threat. It reflects other-regard. The proposer acts
nicely in pursuit of the good feelings that ensuewhen the responder accepts an equitable outcome and
in avoidance of bad feelings that would ensue were he to consign the responder to a meager outcome.
The carrot of positive reciprocity plays an important role.9

We suspect that many investigations of the ultimatum game betray conceptualizations of it akin
to threatening rather than nice dynamics. Hoffman et al. (1994), for example, considered altruism as
a source of generous offers and argued against it (see also Harrison & McCabe, 1992; Marlowe, 2004,
p. 186; Ruffle, 1998). They observed that proposers were substantially more generous than “dictators”
who also split a pot with another individual but could not have their offer rejected. Because altruism

8A generous offer that is accepted cannot generate feelings of positive reciprocity in existing accounts. Under Rabin’s (1993)
theory, a responder who accepts an offer cannot be deemed kind because this action materially benefits her. Granted, accept-
ing an offer helps the proposer, but the responder might be motivated by self-interest. Under Dufwenberg and Kirchsteiger’s
theory (2004), an accepting responder cannot be deemed kind for essentially the same reason (accepting does not open up
the possibility of the responder being materially hurt). In Falk and Fischbacher’s (2006) theory, a proposer who offers an even
split or anything less is not kind because he is not granting the proposer a greater payoff than he himself receives.

9By our model, good feelings of positive reciprocity emerge when a generous offer is accepted, and bad feelings can emerge
when a meager offer is accepted. Consider the canonical version of the game that allows for any integer split of a payoff of 10
and assume the respondent will accept any offer (so that there is no threat). Because acceptance of any offer helps both players,
the respondent’s motivation score is 1-θ. Meanwhile, the proposer’s total motivation score for an offer of n is equal to [(10
– n)(–1 + θ) + n(+1)]/10. For n = 5 this motivation score is positive. Hence, the product of the players’ motivation scores
is positive, meaning that good feelings are generated. For n < 5 and sufficiently small θ, the proposer’s motivation score is
negative. In other words, when players do not discount too much, they take smaller offers more or less at face value and view
them negatively. This leads to the product of motivation scores being negative, so that bad feelings emerge. However, diversity
of perceptions matters. For n< 5 and sufficiently large θ, the proposer’s total motivation score is positive.That is, when players
discount a lot, they are keenly aware of self-interest as a driver of behavior and view evenmeager offers positively, which allows
good feelings to emerge despite the proposer’s miserliness. In sum, our model highlights the special status of even splits; they
always generate good feelings amongst the players, and it shows that meager offers, while susceptible to diverse perceptions,
will often generate bad feelings among the players.
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should influence both proposers and dictators,Hoffman et al. (1994, pp. 347–348) inferred that “offers
in ultimatum games … appear to be determined primarily by strategic … considerations… rather
than … preference.” In essence, they concluded that proposer’s generosity reflects fear that meager
offers will be rejected, that is, fear of the negative reciprocity underlying threatening dynamics. But
nice dynamics that implicate positive reciprocity fit equally well with data presented by Hoffman
et al. (1994). As we emphasized with the game of Fig. 1C, because reciprocity is contingent on a
counterpart’s behavior, it is relevant to proposers but not dictators: Proposers might make generous
offers because it feels goodwhen the responder accepts, but thismotivation is not relevant to dictators,
who cannot tap such feelings.

Levine (1998) also explains even-split or nearly even-split ultimatum offers in terms of threat-
ening dynamics. Seminal data, however, are at odds with his explanation and instead in line with
the nice dynamics our model uncovers. Levine emphasizes that proposers (accurately) believe that
a nonnegligible fraction of receivers are spiteful and will thus reject meager offers. The possibility
of spiteful rejection is the threat that pushes proposers to be even-handed. Furthermore, by Levine’s
theory, altruistic players are relatively likely both to make generous offers as proposers and to accept
meager offers as responders, whereas spiteful players are relatively likely to both make miserly offers
and reject meager offers. In studies in which each participant plays both roles, Levine’s model thus
predicts a negative correlation between the offer a participant proposes and the minimum offer they
are willing to accept. But in the original study of the ultimatum game by Güth et al. (1982), the offers
that participants propose are positively correlated with their rejection thresholds, r = 0.30 (p = .07;
their Table 7). Blanco et al. (2011) later replicated this finding, reporting r = 0.40 (p < .01; their
Table 3).

Such positive correlations are consistent with our model’s nice dynamics. By our account, people
who place greater weight on socioemotional payoffs aremore likely to both seek out the good feelings
that emerge when a generous offer is accepted and avoid the bad feelings that emerge when a meager
offer is accepted. To do so, they must be generous as proposers and demanding as receivers.

To be clear, we do not claim that threatening dynamics and negative reciprocity are rare in the
ultimatum game. They are surely common. We merely claim that nice dynamics involving positive
reciprocity may be common too. Indeed, it is notable that several other positive social motivations
have been cited for generous offers, including altruism (Camerer & Thaler, 1995), fairness (Nowak
et al., 2000), and image maintenance (Dana et al., 2006), while positive reciprocity has not. In our
view, the possibility that good feelings are generated when proposer generosity is met with a positive
response is just as plausible as the possibility that, say, imagemaintenance guides proposer generosity.
Yet this possibility appears to have been overlooked, probably because existing work does not allow
for ambiguous attributions.

Replication Packages. The replication material for the study is available at https://osf.io/7k5n9/.
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Appendix
We begin with the following standard constituents of a finite two-player game: Associate with each player i = 1, 2 a space of
material outcomes Xi and a finite collection of strategies si= {si1, si2, …, siNi}. Specify a material payoff function O: s1 × s2 →
X1 × X2. Let Δ(Xi) denote the space of lotteries over Xi. Let Σi denote the space of mixed strategies of player i, and extendO to
be from mixed strategies to lotteries accordingly. Finally, let each player have preferences ≥O

i over Δ(Xi).
Segal and Sobel (2007) study players who, conditional on an anticipated strategy profile σ* = (σi*, σj*), have preferences

≥i,𝜎* defined over their own strategies Σi. Segal and Sobel axiomatically characterize the conditions for representing such
preferences as linear combinations of a player’s and his counterparts’ expected utilities (for material outcomes). We situate our
model within this framework.

Let ui(σi, σj*) denote player i’s expected utility for his material payoff, and let uj(σi, σj*) denote his counterpart’s expected
utility for her material payoff. Let λi ⩾ 0 index player i’s other-regard, and let Mi,σ* and Mij,σ* denote player i’s assessments of
his and his counterpart’s motivations, conditional on the anticipated strategy profile σ*(defined below). We examine players
whose preferences give rise to a particular functional form for the total utility, vi,σ*(σi), that player i receives by playing strategy
σi in the context of the anticipated strategy profile σ*:

vi,𝜎*(𝜎i) = ui(𝜎i, 𝜎*
j ) + 𝜆iMi,𝜎*(𝜎i)Mij,𝜎*(𝜎*

j )uj(𝜎i, 𝜎*
j ). (1)

The motivation scores Mi,σ* and Mij,σ* correspond to assessments of kindness or unkindness that are appropriately ‘dis-
counted’ to account for self-interest. The degree to which a player’s behavior is assessed to be kind or unkind depends on
whether itmaterially helps or hurts his counterpart, and onwhether itmaterially helps or hurts himself. For example, a strategy
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that helps a counterpart seems kind, but it seems less kind if it also helps the player himself. A strategy that hurts a counterpart
seems unkind, but it seems less unkind if it also helps the player himself.

Consider player i’s assessment of her own motivation, Mi,σ*(σi). Denote by σi(si) the probability that a strategy σi assigns
to each pure strategy si, and let supp(σi) denote its support, i.e. the set of all si for which σi(si) > 0. For each pure strategy
profile (si, sj) in supp(σi) × supp(σj*), let Ai,σ*(si, sj) denote the set of all alternative pure strategies si′ in si which yield utilities
uj(si′, sj) such that uj(si’, sj) ≠ uj(si, sj). With each element of each Ai,σ*(si, sj), associate a basic motivation score bi,σ*(si′, sj)
given by

bi,𝜎* (s′i , sj) =

⎧{{{
⎨{{{⎩

(+1 − 𝜃i)
+1
(−1 + 𝜃i)
−1

if

uj (si, sj) > uj (s′i , sj) and ui (si, sj) ⩾ ui (s′i , sj)
uj (si, sj) > uj (s′i , sj) and ui (si, sj) < ui (s′i , sj)
uj (si, sj) < uj (s′i , sj) and ui (si, sj) > ui (s′i , sj)
uj (si, sj) < uj (s′i , sj) and ui (si, sj) ⩽ ui (s′i , sj)

,

where the parameter θi ∈ [0, 1] captures i’s degree of skepticism. Denote the cardinality of a set by horizontal bars. Then for
∣Ai,𝝈*(si, sj)∣ > 0, let the partial motivation score mi,σ*(si, sj) be given by

mi,𝜎* (si, sj) =
∑s′i ∈Ai,𝝈*(si,sj)

bi,𝜎* (s′i )

∣Ai,𝝈* (si, sj)∣
.

If ∣Ai,𝝈*(si, sj)∣ = 0, player i cannot affect his counterpart’s material payoffs. In such cases, set mi,σ*(si, sj) = 0. That is, we
presume that if a player can neither help nor hurt his counterpart, he cannot be perceived as kind or unkind.

Finally, to compute the motivation score Mi,σ*(σi), the model weights the partial motivation scores by the probability that
the mixed strategy profile (σi, σj*) assigns to each pure strategy profile (si, sj) in supp(σi) × supp(σj*):

Mi,𝜎*(𝜎i) = ∑ 𝜎i(si)𝜎*
j (sj)mi,𝜎*(si, sj).

Note that motivation scores consider all alternative strategies. Even strategies that may appear implausible, such as coop-
eration in response to defection in a sequential prisoners’ dilemma, can thus impact motivation scores and thereby influence
resulting equilibria. We believe this approach is reasonable, because there may be signaling value in foregoing such strategies.
For instance, by foregoing cooperation in response to defection, a second mover reveals that she is not a pure altruist.

Mij,σ*(σj*) captures i’s assessment of j’s anticipated strategy and is calculated similarly. For each pure strategy profile (si, sj)
in supp(σi*) × supp(σj*), let Aj,σ*(si, sj) denote the set of all alternative pure strategies sj′ which yield utilities ui(si, sj′) such
that ui(si, sj′) ≠ ui(si, sj). With each element of Aj,σ*(si, sj), associate a basic motivation score bij,σ*(sj′) computed in analogy
to bi,σ*(si′) above. For instance, if playing sj materially helps both players compared to an alternative strategy sj′, the latter is
assigned a basic motivation score of 1—θi. Note that player i’s basic motivation scores for player j feature θi (not θj). Again, for
∣Aj,𝝈*(si, sj)∣ = 0, let mij,σ*(σj*) = 0, and for ∣Aj,𝝈*(si, sj)∣ > 0, let the partial motivation score mij,σ*(si, sj) be given by

mij,𝜎*(si, sj) =

∑
s′j∈Aj,𝝈*(si,sj)

bij,𝜎*(s′j)

∣Aj,𝝈*(si, sj)∣
.

The motivation score Mij,σ*(σj*) that player i assigns to player j’s anticipated strategy is then given by

Mij,𝜎*(𝜎*
j ) = ∑ 𝜎*

i (si)𝜎*
j (sj)mij,𝜎*(si, sj).

Segal and Sobel (2007) define Nash equilibrium as an anticipated strategy profile σ* = (σi*, σj*) in which σi* and σj* are
the players’ preferred strategies conditional on σ*, so that neither player has an incentive to unilaterally deviate. Lemma 1 in
Segal and Sobel (2007) can be used to show that when players’ preferences can be represented via the total utilities in Equation
1, every two-player game has at least one such Nash equilibrium.
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