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Abstract

People do not just cooperate — they regularly invest
in their cooperative abilities. Partners learn to re-
solve conflicts, colleagues train for their roles within
large teams, and people adopt the shared practices
of their community. Often, these activities do not
benefit others per se. Rather they facilitate future
cooperative interactions. Yet such cooperation in-
vestments are rarely captured in evolutionary game
theory, which focuses on cooperative decisions in-
stead of the preparatory efforts that enable them.
Here, we develop a model that allows individuals to
incur upfront costs to lower their future coopera-
tion costs. Through mathematical analysis and evo-
lutionary simulations, we show that cooperation in-
vestments serve a dual function. First, they allow in-
dividuals to transform into more effective partners,
enabling cooperation where it would otherwise be
too costly. Second, they can serve as honest signals
of cooperative intent. When their costs deter would-
be cheaters, investments allow observers to identify
trustworthy partners, further expanding the coop-
erative domain. Our model helps to explain why
people are attentive to others’ cooperation invest-
ments. When someone takes the time to learn more
about a partner’s hobbies or a community’s norms,
they do more than build capacity — they signal an
intent to cooperate with us.

Keywords: cooperation, cooperative capacity, signal-
ing, reputation, evolutionary game theory

Cooperation takes work. Consider our closest rela-
tionships: across cultures, people build friendships (1)
and romantic partnerships (2, 3) gradually, through sus-
tained effort. Over time, partners learn to resolve con-
flicts (4), become more accurate at reading each other’s
thoughts and feelings (5), and divide mental tasks, with
each partner specializing in different kinds of knowl-
edge (6). The demands of cooperation extend beyond
intimate relationships, from professional roles to commu-
nity life. Healers—from shamans to physicians—spend

CHRISTIAN HILBE

Interdisciplinary Transformation
University (IT:U), 4020 Linz,
Austria
christian.hilbe@it-u.at

years in training, developing the expertise that makes
their care valuable to others (7, 8). Hunters and engineers
similarly spend years learning specialized skills, and also
learning to function in the large, coordinated teams on
which success depends (9, 10). Community membership,
too, requires investment: we absorb local practices, in-
ternalize group norms, and acquire the culturally specific
knowledge that makes us effective members (11-15).

These behaviors are cooperation investments: costly
efforts that build one’s cooperative capacity. Unlike co-
operative acts, which directly benefit others, investments
shape the individual, lowering their future cooperation
costs. Most models in evolutionary game theory do not
include such investments. They treat cooperation costs
as fixed and outside individual control (16-36). As a re-
sult, such models cannot address how we become reli-
able partners, and how others draw inferences from our
preparatory efforts.

To address this gap, we develop a formal model that al-
lows for up-front investments into one’s cooperative abil-
ities. The model is based on a repeated trust game be-
tween choosers (trust-givers) and actors (reciprocators).
Actors differ in how much they value future payoffs —
while some are more future-oriented, others care more
about the present. This variation in actors’ evaluations
of the future induces variation in their willingness to re-
ciprocate a chooser’s trust. We study this repeated trust
game with and without the possibility of cooperative in-
vestments: the possibility that actors pay an extra cost
before any interaction occurs, to permanently lower the
cost of reciprocating. With a comprehensive mathemat-
ical analysis, complemented by evolutionary simulations,
we ask: Who would be willing to make such investments,
and how do these investments facilitate cooperation?

Our results reveal that cooperation investments serve
two distinct functions. First, they allow individuals to
transform themselves into more effective partners. In this
way, they enable cooperation where it would be too costly
otherwise. Second, they can serve as honest signals of co-
operative intent. When their costs deter impatient indi-
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Fig. 1 | Model overview. We model cooperation investments in three steps. a, In the baseline model, a long-run

actor (A) plays a repeated trust game with a series of short-run choosers (C;, Ca, Cs, ...).

In each interaction, a

chooser decides whether to trust the actor based on their reputation from past behavior. If trusted, the actor chooses
whether to reciprocate or cheat. By default, the cost of reciprocation cy is high, making cooperation between the
actor and choosers unsustainable. b, In both our model extensions, we allow the actor to invest in cooperation before
interacting with choosers, by incurring a cost k to permanently lower their cost of reciprocation to c¢p < cg. ¢, In the
first extension, choosers do not observe the actor’s investment decision; in the second extension, they do, allowing
them to condition trust on whether the actor initially invested.

viduals, investments allow observers to identify trustwor-
thy partners, further expanding the cooperative domain.

This observation in turn can explain why people are of-
ten attentive to others’ investments. By taking the time
to work through personal conflict (37) or to learn another
community’s language (38), we do not only make us more
effective cooperators in future. We also indicate that we
intend to cooperate in the first place. By clarifying this
dual function of cooperation investments, our model of-
fers a framework for understanding how humans develop,
evaluate and structure cooperation.

Results

We introduce our model in three steps. First, we establish
a baseline model in which actors face fixed cooperation
costs (Fig. 1a). Second, we extend the model by intro-
ducing an additional stage prior to the actual interaction.
In this prior stage, actors can make an investment to re-
duce their future cooperation costs (Fig. 1b). Whether
or not the investment is made remains an actor’s private
knowledge (Fig. 1¢). In a third step, we study what hap-
pens when investment decisions are observable to an ac-



tor’s potential partners (Fig. 1d). To make the underly-
ing mechanisms most transparent, we initially work with
a simplified version of our model. In particular, we only
allow for two types of actors with two possible time pref-
erences (more present-oriented or more future-oriented).
Later on, we consider the case of a continuum of types.
In the main text, we present a summary of the respective
findings; further details can be found in the Methods
section and the Supplementary Information.

Baseline model

The baseline scenario follows the setup of Lie-Panis
& André (23): We consider a repeated trust game
in which an actor repeatedly encounters different
choosers (Fig. 1a). The actor makes cooperative deci-
sions across rounds and acquires a reputation based on
those decisions. Choosers participate in only one round.
They decide to trust the actor based on reputation (in
the literature on repeated games, such choosers and ac-
tors would be sometimes referred to as short-lived and
long-lived players, respectively, see Ref. (39)). This setup
separates two adaptive problems. For choosers, the chal-
lenge is trust—predicting whether a partner will recip-
rocate trust if given the opportunity. For the actor, the
challenge is reputation management—acting in ways that
secure the trust of future partners.

To capture uncertainty about how the actor manages
their reputation, we introduce heterogeneous time prefer-
ences. Before any interaction occurs, the actor is assigned
a discount factor  between zero and one. This discount
factor measures how much the actor values future payoffs
relative to immediate ones. More patient actors (higher )
are more willing to incur the immediate costs of coop-
eration to maintain their reputation with choosers. In
contrast, impatient actors (those with lower §) prioritize
short-term gains and are more prone to cheat. For sim-
plicity, we assume a binary distribution: with probability
p, the actor is future-oriented (6 = dr), and with prob-
ability 1 — p, they are present-oriented (§ = dp < dp).
The actor privately observes their discount factor before
the game begins; choosers only know the distribution.

In each round, a new chooser decides whether to trust
or distrust the actor. Trust costs the chooser v and gives
the actor a benefit b (we use greek and latin letters to de-
note payoff components related to the chooser and actor,
respectively). If trusted, the actor decides whether to re-
ciprocate or cheat. Reciprocation costs the actor cg and
gives the chooser a benefit 8. An actor’s choices affects
their reputation. Initially, their reputation is unknown
until they are first trusted, it is good if they last recipro-
cated, and it is bad if they last cheated. This reputation
persists until the next time the actor is trusted, regardless
of how many rounds pass without trust.

To make their decisions, both kinds of players imple-
ment a strategy. A chooser’s strategy needs to specify
whether or not to trust the actor, depending on the ac-
tor’s reputation. An actor’s strategy, on the other hand,
specifies whether to reciprocate trust. This decision may
depend on the actor’s discount factor and their current
reputation. For all our model variations, we ask under
which conditions there is a (Perfect Bayesian Nash) equi-
librium along which choosers at least trust occasionally,
and some actors decide to reciprocate. In that case, we
call the equilibrium cooperative.

The baseline model of course admits a trivial equilib-
rium, in which choosers never trust and actors never re-
ciprocate. However, it also allows for a unique coopera-
tive equilibrium. In this equilibrium, choosers trust ac-
tors with an unknown or good reputation but distrust
those with a bad reputation. Whatever their reputation,
future-oriented actors reciprocate choosers’ trust, while
present-oriented actors always cheat. This equilibrium
exists if and only if three conditions are satisfied,

cg <Orb, (B.1)
cy > opb, (B.2)
y<pp. (B.3)

Condition (B.1) ensures that future-oriented actors find
it worthwhile to reciprocate: they pay the cost cy now
to secure the trust of the next chooser, worth dpb. Con-
dition (B.2) ensures that present-oriented actors prefer
to cheat: they avoid the cost cy, even though this means
losing the trust of the next chooser, worth only dp b. This
behavioral variation is essential—without it, choosers
would have no reason to condition trust on reputation.
Were, for example, both types to consistently reciprocate,
it would be beneficial for choosers to trust even given bad
reputation. As a result, trust would be guaranteed for the
actor, removing any incentive to reciprocate in the first
place. Finally, condition (B.3) ensures that choosers are
willing to trust someone with unknown reputation despite
the risk, paying cost «y for an expected benefit p S3.

From this point forward, we focus on scenarios where
condition (B.1) is violated (cg > 0 b). In that case, re-
ciprocation is prohibitively costly even for future-oriented
actors, and cooperation unravels. These are the situations
where cooperation requires capacity building: partners
unfamiliar with conflict resolution, untrained profession-
als, or newcomers to a community all initially face high
cooperation costs.

Investment model

When reciprocation is prohibitively costly, the baseline
model no longer allows for cooperation. Thus we extend
the model by allowing the actor to build up their coop-
erative capacity. Before any interaction with choosers,
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Fig. 2 | Investment enables cooperation. a, Investment enables cooperation when both the cost of investing
k and the cost of trust v are sufficiently low, even where the baseline model fails (¢ > dpb). Blue circle and red
square indicate favorable (k = 3/8, v = 1/4) and unfavorable (k = 11/8, v = 3/4) parameter sets, respectively. b,
Simulation trajectories under both parameter sets: reciprocation rates for future-oriented actors (top) and present-
oriented actors (middle), and trust rates for choosers (bottom). Under favorable conditions, choosers learn to trust
at high rates and future-oriented actors learn to reciprocate. c, Long-term cooperation rates across the parameter
space after 107 simulation steps. Cooperation occurs within the predicted domain but vanishes before investment
costs reach their theoretical threshold. Other parameters: p = 0.5, dp = 0.75, dp = 0.25, b = 1.0, ¢, = 0.5, ¢y = 0.9,
B = 1.0. Panels b,c show averages over 100 simulations with n = 50 actors and choosers, mutation rate g = 0.02,

and selection strength s = 10.0.

the actor may decide to invest, paying a one-time cost
k to permanently reduce their cost of reciprocation from
cy to ¢, (Fig. 1b). Here, we assume the actor’s in-
vestment decision is not observed by choosers. Moreover,
for simplicity we assume that investment separates be-
tween the two types: it makes reciprocation worthwhile
for future-oriented actors (c;, < dpb) but not for present-
oriented ones (c;, > dpb). Now, an actor’s strategy needs
to specify whether to initially invest based on their dis-
count factor, in addition to specifying reciprocation be-
havior as in the baseline model. The choosers’ strategies
are unchanged.

Again, there is a unique cooperative equilibrium, de-
spite the high initial reciprocation costs (cg > dpb). In
this equilibrium, choosers trust actors with unknown or
good reputations but distrust those with bad reputations.
Future-oriented actors initially invest and subsequently
reciprocate the trust of all their partners, while present-
oriented actors opt out of investing and always cheat.
This reflects how upfront efforts—such as building rela-
tionship understanding, professional training, or learning
local customs—can enable cooperation with committed
individuals. The equilibrium exists if and only if

Ja
k<
~—1-4p

v < pp.

(0pb—cL), (I.1)

(1.2)

Condition (I.1) ensures that future-oriented actors find
investment worthwhile, incurring cost k& to obtain the ben-
efits of long-term cooperation. Present-oriented actors
never invest, because reciprocation remains too costly for
them even at the reduced rate (¢, > dpb). Finally, condi-
tion (I.2) ensures choosers find initial trust worthwhile, as
before. Fig. 2a depicts in which domain of the parameter
space this cooperative equilibrium exists, varying the cost
of investing k (x-axis) and the cost of trust v (y-axis). Co-
operation is feasible when both costs are sufficiently low,
as per conditions (I.1-1.2).

So far, we have taken an equilibrium perspective. We
explored whether cooperation can persist among rational
individuals who fully comprehend the incentive structure
of the game. Alternatively, we can also ask whether coop-
eration can emerge when strategies are adopted through
social learning. To this end, we conduct evolutionary
simulations, considering a population of choosers and ac-
tors, respectively. For simplicity, for these simulations we
use a more conventional repeated-game setup. Choosers
and actors are randomly matched to play indefinitely in
a fixed pair (i.e., both players are now long-lived). The
feasible strategies are the same as before. As a result of
their interactions, choosers and actors accumulate a pay-
off, which other players in the respective population can
observe. This allows players to imitate more successful



strategies. We model the resulting imitation dynamics
as a pairwise-comparison process (40). We also allow for
random mutations, which introduces novel strategies into
the evolving population (see Methods for details).

We first focus on two parameter conditions, highlighted
in Fig. 2a: a favorable condition within the cooperative
domain (blue circle), and an unfavorable condition out-
side of it (red square). Fig. 2b shows how cooperation
unfolds over time. Under favorable conditions, choosers
learn to trust and future-oriented actors learn to recipro-
cate at high rates. Reciprocation from present-oriented
actors remains rare, as expected. Under unfavorable con-
ditions, trust and reciprocation remain consistently low.

To generalize these findings, we run simulations across
a range of parameters. Fig. 2c shows the resulting long-
term rate of mutual cooperation. Cooperation occurs
where predicted, but it vanishes before investment costs
reach their theoretical threshold (As before, there is a
trivial equilibrium in which no ones trusts or reciprocates,
in addition to the cooperative equilibrium. This trivial
equilibrium exists for all parameter combinations).

Observable investment model

In the previous model, investments were hidden from
choosers. Their only effect was to reduce the actor’s
cost of reciprocation. In the following extension, we
allow choosers to observe the actor’s investment deci-
sion (Fig. 1d), introducing potential reputational ben-
efits. In this model, the actor’s reputation reflects both
their investment choice (invested or not) and their most
recent cooperation history (unknown, good, or bad), re-
sulting in six possible reputations. Both chooser and ac-
tor strategies depend on this expanded reputation set;
the rest of the model is unchanged. We show that this
extension admits two cooperative equilibria: a pooling
equilibrium, where both types invest and remain indis-
tinguishable, and an honest signaling equilibrium, where
only future-oriented actors invest and thereby reveal their
cooperative intent. We detail each in turn.

In the honest signaling equilibrium, future-oriented ac-
tors invest and always reciprocate, while present-oriented
actors do not invest and never reciprocate. Choosers trust
investors and distrust non-investors. Subsequently, trust
depends on cooperation history: choosers trust investors
with a good reputation but distrust those with a bad rep-
utation. This equilibrium exists if and only if

k< OF (b—rcp), (HS.1)
1—90F

k> 6pb, (HS.2)

v <B. (HS.3)

Condition (HS.1) ensures that future-oriented actors
find investment worthwhile, paying k upfront to secure

long-term cooperation with choosers. Because investment
is now required to be trusted, it becomes worthwhile at
higher costs than before, as reflected in the larger right-
hand side of condition (HS.1) compared to (I.1). Condi-
tion (HS.2) ensures that present-oriented actors are de-
terred from investing: the benefit of exploiting the first
chooser, worth dp b, cannot cover the upfront cost k. As
a result of this deterrence, an actor’s investment reliably
indicates future cooperative behavior. Condition (HS.3)
then ensures that choosers benefit from trusting such in-
vestors, paying cost v to receive benefit 5 with certainty.
Compared to the previous two models, cooperation is now
sustainable for higher trust costs, where choosers had to
initially trust without knowing the actor’s type. This cap-
tures how investments that are sufficiently demanding—
such as extensive professional training or learning a com-
munity’s language—can provide credible signals that al-
low observers to identify trustworthy partners.

When costs are too low to deter present-oriented actors,
we obtain a pooling equilibrium. In this equilibrium, both
types invest, making it impossible to distinguish between
present-oriented cheaters and future-oriented reciproca-
tors. As in the honest signaling equilibrium, choosers
initially trust investors and distrust non-investors. After-
wards, trust depends on cooperation history. This equi-
librium exists if and only if

k < pb,
v < pB.

Condition (P.1) ensures that present-oriented actors
find it advantageous to initially invest, which guarantees
that future-oriented actors do so as well. Since invest-
ment no longer provides information about actor type,
choosers face the same uncertainty as in earlier models:
condition (P.2) reverts to the baseline trust requirement.

Fig. 3a depicts the domain in parameter space where
these two cooperative equilibria exist, varying the cost of
investing k (z-axis) and the cost of trust v (y-axis). Pool-
ing occurs for low values of k and +, covering a subset of
the cooperative domain in the previous model (Fig. 2a).
In contrast, honest signaling expands cooperation to a
broader region, encompassing higher values of k£ and any
v < . This expansion occurs because investment now
provides a reputational benefit, making it worthwhile at
higher costs, and because it fully separates actor types,
enabling trust whenever cooperating with a trustworthy
actor is beneficial.

We again use evolutionary simulations to examine
whether these cooperative equilibria emerge when strate-
gies evolve through social learning, using the same pa-
rameter combinations as before. Fig. 3b shows that
unlike in the previous model, cooperation now emerges
even in the unfavorable case, at low rates. Under favor-
able conditions, cooperation also arises, albeit at more

(P.1)
(P.2)
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Fig. 3 | Observation expands cooperation. a, When investment costs deter present-oriented actors (k > dpb),
an honest signaling equilibrium is possible, enabling cooperation beyond Figure 2—at higher investment costs and any
trust cost below the benefit of receiving reciprocation (v < ). Blue circle and red square show the same parameter
sets as before. b, Simulation trajectories under both parameter sets: reciprocation rates for future-oriented actors
(top) and present-oriented actors (middle), and trust rates for choosers (bottom). Cooperation between future-
oriented actors and choosers now emerges even in the unfavorable case, at low rates. Under favorable conditions,
cooperation also arises, though at more moderate levels than before. ¢, Long-term cooperation rates across the
parameter space after 107 simulation steps. Cooperation occurs within predicted regions but at moderate rates,
vanishing before reaching theoretical boundaries. Other parameters: same values as in Figure 2.

moderate levels than before. Fig. 3c shows long-term
cooperation across the entire parameter space. While co-
operation evolves for a far larger set of parameter values,
the evolving cooperation rates remain somewhat moder-
ate. Especially as investment and trust costs increase,
cooperation rates drop, vanishing before they reach their
theoretical thresholds.

A general model with arbitrary time preferences

For simplicity, the previous model assumes two distinct
types of actors, who either are present-oriented (with
d = ép) or future-oriented (with 6 = §r). However, our
results extend beyond this binary case. In the Supple-
mentary Information, we develop a model in which
the actors’ time preferences are described by an arbitrary
distribution over the space of possible time preferences
d € (0,1). Again, we provide necessary and sufficient con-
ditions for the existence of cooperative equilibria (those
where there is a positive probability to observe a chooser
trust and an actor to reciprocate).

Fig. 4 shows results when time preferences are dis-
tributed according to a truncated normal distribution.
We observe the same qualitative pattern. In the baseline
model, cooperation is only feasible under rather restric-
tive conditions (blue). These conditions become easier
to satisfy if we allow for cooperation investments (teal),
especially when those investments are observable (dark

blue). With continuous distributions, cooperation is fea-
sible in the baseline model whenever trust costs are suf-
ficiently low, because patient reciprocating actors always
exist (provided that ¢y < b). The domain expanded
by investment shows smoother boundaries than before,
depending on the fraction of actor types for whom in-
vestment makes reciprocation worthwhile. The observ-
able investment domain covers nearly the entire parame-
ter space. For large investment costs, perfect separation
occurs: only the most patient actors invest and recipro-
cate, while others do neither. This enables cooperation
even when reciprocating types are vanishingly rare.

Discussion

People often invest time, effort, and resources to trans-
form themselves into more effective cooperators. Herein,
we introduce an evolutionary game-theoretic model of
such cooperation investments to better understand when
and why they occur, and how they facilitate cooperation.
We proceed in three steps. First, we establish a baseline
model where cooperation costs are fixed. Here, coopera-
tion can emerge if individuals are willing to incur these
costs for future reputational benefits. However, once co-
operation is prohibitively costly, even the most patient
individuals who value long-term relationships prefer to
cheat. In a second step, we allow individuals to invest
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in reducing their cooperation costs. Patient individuals
can now make cooperation worthwhile for themselves, en-
abling it where it would otherwise fail. Finally, we make
investments observable to potential partners. When in-
vestments are sufficiently costly, we find that only indi-
viduals committed to long-term cooperation find them
worthwhile. This allows observers to identify trustworthy
partners, further expanding the conditions under which
cooperation can emerge.

Overall, we show that cooperation investments serve a
dual function. On the one hand, they allow individuals to
build capacity, enabling cooperation at a lower cost. Sec-
ond, cooperative investments often serve as credible sig-
nals of cooperative intent. In the right parameter range,
the actors who invest in their cooperative abilities are ex-
actly the actors who in fact cooperate subsequently. In
this way, the model sheds light on a number of interesting
questions related to cooperation investments.

Who invests in cooperation? Our model predicts
that individuals will invest in becoming more effective
cooperators when they are patient—when they value the
long-term benefits of a relationship, role, or community,
enough to justify upfront costs. When investments are
observable, they provide an additional advantage: they
signal commitment to partners, making trust more likely.
These two functions are typically inseparable. Consider
open source software (41). Widely-used tools like Linux

exist thanks to the cooperation of skilled contributors,
who take the time to learn coding standards, master re-
view protocols, and absorb community norms. Because
these efforts are publicly visible on platforms like GitHub,
contributors not only become better collaborators; they
also enhance their standing with fellow programmers and
potential employers.

Why do we attend to others’ investments? Our
model also explains why people pay close attention to
others’ cooperation investments — because they can pro-
vide clues about others’ intentions and their incentives
to act socially. We support immigrants’ permanent
residency based on their efforts to learn our language
quickly (38)—efforts that demonstrate commitment to
community membership while building cultural compe-
tence. Similarly, we are more likely to make personal sac-
rifices for invested partners (see also 42), such as those
who strive to understand us (43) or with whom we have
worked through conflict (37). Our model also offers an ad-
ditional lens on commitment displays. Hazing (44), loy-
alty tests (45), and restrictive religious prohibitions (46)
are typically understood as signals of commitment (47) or
as screening devices that weed out free-riders (48). They
may also build cooperative capacity, or be perceived to do
so by those who enact them. Tech interviews push can-
didates to develop relevant skills in advance; initiations
can instill shared norms and cultural knowledge (49, 50);



and shared ordeals may be perceived to strengthen inter-
personal bonds (51, 52).

The structure of human cooperation. Cooper-
ation investments are inherently selective. Individuals
cannot optimize their cooperative capacity across every
relationship, profession, or community. While our model
includes only one investment decision, it provides a mi-
crofoundational mechanism for structured cooperation:
as people choose where to invest, they become better
equipped to cooperate with certain partners or groups,
and therefore more likely to cooperate with them. Future
work could explore how individuals allocate effort across
competing relationships, how observers vie for their time
and commitment, how groups impose investment require-
ments, and how these dynamics jointly shape the struc-
ture of human cooperation.

Methods

Equilibrium analysis

For the general baseline model, we consider a repeated
trust game between a long-run actor and a sequence of
short-run choosers. Before play begins, the actor is as-
signed a discount factor & € (0,1), according to a dis-
tribution with support A. Only the actor observes their
discount factor, but the distribution is common knowl-
edge. In the main text, we focus on the case of a binary
distribution. The actor is future-oriented (6 = dp) with
probability p € (0,1) and present-oriented (§ = dp < dF)
with probability 1 — p. In the Supplementary Infor-
mation, we allow for any generic distribution (discrete,
continuous, or mixed).

In every round ¢t > 1, the actor is paired with a new
chooser, who decides whether to trust the actor. A
chooser who trusts incurs a cost v > 0 to give the actor
a benefit b > 0. If trusted, the actor can reciprocate, in-
curring a cost ¢y > 0 to give the chooser a benefit 5 > 0
in return. Alternatively, the actor can decide to cheat,
keeping the entire benefit b without reciprocating. These
choices affect the actor’s subsequent reputation. We as-
sume there are three different kinds of reputation an actor
can have. The actor’s reputation is unknown until they
are first trusted, good if they last reciprocated, and bad if
they last cheated. Hence, the set of possible reputations
is Q@ = {unknown, good, bad}. Choosers hold shared be-
liefs (- | w) over A for each reputation w € €, encoding
how likely they deem an actor to have a certain discount
factor, conditional on the actor’s observed reputation.

A strategy for the chooser is a function oq, : Q —
{trust, distrust}. It specifies whether to trust the actor
based on the actor’s reputation. An actor strategy, on the
other hand, is represented by a function g,. : A x Q —
{reciprocate, cheat}. It specifies whether to reciprocate a

chooser’s trust based on the actor’s discount factor and
current reputation.

For the investment model, we add a preliminary
stage at ¢ = 0, in which the actor may decide to in-
vest. Such an investment incurs a one-time cost of k > 0,
but it permanently lowers the reciprocation cost from cg
to cr, where 0 < ¢ < ¢y and ¢, < b. Choosers do
not observe the actor’s investment decision. As a re-
sult, they continue to rely on the same set of reputa-
tions. An investment strategy, represented by a function
Cinv. : A — {invest, do not invest}, specifies whether to
invest based on discount factor. The actor’s full strategy
profile, (Giny, 0ac), comprises both the initial investment
decision and subsequent behavior in trust games. The
rest of the model is unchanged.

In the observable investment model, choosers are
able to observe the actor’s initial investment decision. As
a result, the actor’s cost of reciprocation is now common
knowledge; it is c¢p if they invested, or cy if they did
not. The set of possible reputations expands to ' =
{invested, did not invest}x {2, reflecting initial investment
decision and behavior in trust games. All strategies and
beliefs are now defined with respect to this expanded set.
Trust and reciprocation strategies are defined over €', and
choosers hold beliefs for each w € §)'.

In each case, we study the model’s Perfect Bayesian
Equilibria (PBEs) in pure strategies. A PBE is a pair
(o, 1) where players have no profitable deviations at any
history (on or off the equilibrium path), and beliefs are
updated according to Bayes’ rule whenever possible (53).
In the main text, we focus on the subset of coopera-
tive equilibria—PBEs in which mutual cooperation oc-
curs with positive probability: along the equilibrium
path, some actor types are trusted and reciprocate that
trust. In the Supplementary Information, we also study
the model’s non-cooperative PBEs. For simplicity, our
analysis assumes that players choose the cooperative ac-
tion (invest, reciprocate, trust) when indifferent; these
cases occur only at knife-edge parameter values.

Evolutionary simulations

To complement our general equilibrium analysis, we run
evolutionary simulations for the simplified model with
a binary distribution of discount factors. We simulate
n = 50 actors and n = 50 choosers, run each simulation
for 107 time steps, and report averages over 100 inde-
pendent runs. Actors are future-oriented (§ = Jr) with
probability p and present-oriented (§ = dp) with proba-
bility 1 — p.

In contrast to the model used for our mathematical
analysis, the simulations are based on a conventional re-
peated game setup. Choosers are randomly matched with
actors. Then they engage in an infinitely repeated game



(with choosers discounting the future with some fixed and
uniform factor §). This assumption makes it straight-
forward to compute a chooser’s expected payoff, which
is necessary for strategy updating (see Supplementary
Information Section 4.3).

We encode strategies as bit vectors. Actor strategies
specify whether to invest and whether to reciprocate for
both discount factors, yielding 2* = 16 strategies in to-
tal. As we demonstrate in the Supplementary Infor-
mation, actors do not condition their behavior on their
own reputation in equilibrium. Based on this insight,
we restrict attention to reputation-independent strate-
gies. Chooser strategies specify whether to trust given
the actor’s reputation, yielding 23 = 8 strategies in the
investment model (3 possible reputations) and 2% = 64 in
the observable investment model (6 possible reputations).

To model how individuals update their strategies over
time, we use a pairwise comparison process (40). At each
time step, a randomly selected individual revises their
strategy through either random mutation (with probabil-
ity p) or payoff-based imitation. Under imitation, the
individual compares their payoff mse) with that of a ran-
domly selected member of their own population type,
Tother- Lhese payoffs depend on each individual’s strategy
and the current distribution of strategies in both popula-
tions (formulas provided in the Supplementary Infor-
mation). The focal individual adopts the other’s strat-
egy with probability given by the Fermi function,

1

1 —+ e_s(ﬂother—ﬂ'self) ’

P(adopt) =

The parameter s is the selection strength, indicating
how strongly individuals are affected by payoff differences
when deciding to imitate others.

For the simulations, we focus on cases where co-
operation cannot be sustained in the baseline model,
and run simulations for the investment and observable
investment models. Unless noted otherwise, we use
p=0.5,6p =075 6p =0.25 5 =0.5 b=1.0, 5 = 1.0,
c = 0.9, and ¢, = 0.5. With these values, reciprocation
is prohibitively costly without investment but becomes
viable for future-oriented actors once they invest. As
evolutionary parameters, we use a selection strength of
5 = 10.0 and a mutation rate of ©=0.02.
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