
Validating Generative Agent-Based Models of Social Norm Enforcement: From
Replication to Novel Predictions

Logan Cross1, Nick Haber3, Daniel L.K. Yamins1,2

1Department of Computer Science, 2Department of Psychology, 3Graduate School of Education, Stanford University

Abstract
As large language models (LLMs) advance, there is grow-
ing interest in using them to simulate human social be-
havior through generative agent-based modeling (GABM).
However, validating these models remains a key challenge.
We present a systematic two-stage validation approach us-
ing social dilemma paradigms from psychological literature,
first identifying the cognitive components necessary for LLM
agents to reproduce known human behaviors in mixed-motive
settings from two landmark papers, then using the validated ar-
chitecture to simulate novel conditions. Our model comparison
of different cognitive architectures shows that both persona-
based individual differences and theory of mind capabilities
are essential for replicating third-party punishment (TPP) as
a costly signal of trustworthiness. For the second study on
public goods games, this architecture is able to replicate an
increase in cooperation from the spread of reputational infor-
mation through gossip. However, an additional strategic com-
ponent is necessary to replicate the additional boost in coop-
eration rates in the condition that allows both ostracism and
gossip. We then test novel predictions for each paper with our
validated generative agents. We find that TPP rates signifi-
cantly drop in settings where punishment is anonymous, yet a
substantial amount of TPP persists, suggesting that both rep-
utational and intrinsic moral motivations play a role in this
behavior. For the second paper, we introduce a novel inter-
vention and see that open discussion periods before rounds of
the public goods game further increase contributions, allowing
groups to develop social norms for cooperation. This work
provides a framework for validating generative agent mod-
els while demonstrating their potential to generate novel and
testable insights into human social behavior.

Introduction
Advances in LLMs have created new possibilities for study-
ing human social behavior through simulation. While agent-
based modeling has long been used in the social sciences,
the emergence of LLM-based agent enables a qualitatively
new approach: generative agent-based modeling (GABM)
(Vezhnevets et al., 2023). However, for GABMs to be useful
tools for social science, we need rigorous frameworks to val-
idate whether these agents actually capture relevant aspects
of human behavior. A key challenge is determining whether
agents’ response distributions match those observed in human
studies. In this paper we introduce a two-stage approach that
prototypes GABMs to replicate and extend human studies.

1. Model Validation: First, we conduct an iterative model
comparison to identify the minimal set of cognitive com-
ponents sufficient to reproduce known behavioral effects.
For theoretical parsimony, we begin with the simplest pos-
sible agent architecture and test new cognitive components

only when simpler models fail to capture human behavior
patterns. In addition, by varying the agent architectures and
comparing their output to human data, we can test specific
hypotheses about the cognitive mechanisms underlying so-
cial behavior.

2. Novel Prediction Generation: Second, we leverage vali-
dated agent architectures to explore counterfactual scenar-
ios that would be slow or costly to implement in laboratory
settings. By maintaining the validated cognitive compo-
nents while varying environmental conditions, we can gen-
erate precise, quantitative predictions about human behav-
ior in novel situations. These predictions can then be tested
empirically, providing a rigorous test of the model’s gen-
eralization capabilities while advancing our understanding
of human social behavior.

Here, we present this validation approach with two case
studies to examine the components necessary for GABMs
to replicate key findings from experimental social dilem-
mas. These mixed-motive paradigms provide an ideal test
case as they involve complex social cognition, including rep-
utation management, moral judgment, theory of mind, and
norm enforcement. First, we investigate third-party pun-
ishment (TPP) from Jordan et al. (2016), which demon-
strated that third-party punishers are perceived as—and ac-
tually are—more trustworthy than non-punishers. Through
careful comparisons of different model architectures built in
Concordia, we show that both persona prompting and theory
of mind reflection are necessary components for reproducing
these effects. Second, we examine Feinberg et al. (2014)’s
work on gossip and ostracism in promoting cooperation in a
public goods game, finding that while our initial validated ar-
chitecture from the TPP study provides a good foundation,
an additional strategic component proves necessary to repli-
cate a majority of the behavioral effects in this more complex
social environment.

We then apply these validated model architectures to ex-
plore two distinct types of novel questions not investigated
in the original papers. For the TPP study, we use the vali-
dated model for theoretical disambiguation, examining how
punishment behavior differs between public and private set-
tings. Our results quantify the relative contributions of repu-
tational vs. intrinsic motivations, helping resolve the ongoing
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theoretical debate about why people engage in costly third-
party punishment. For the public goods study, we use the val-
idated model to test a novel intervention—adding pre-round
discussion periods—and find that this further improved co-
operation rates, as groups could self-organize and establish
shared norms for contribution. These findings demonstrate
how GABM can help social scientists both evaluate conflict-
ing cognitive theories and investigate potential interventions
to improve collective welfare.

Related Work
Recent advances in large language models have enabled gen-
erative agent-based modeling (GABM) as a promising ap-
proach for simulating human behavior and social dynamics
(Vezhnevets et al., 2023). Initial work by Park et al. (2023)
demonstrated that LLM-based agents could produce believ-
able simulations of human behavior, while our research fo-
cuses on validating such models against established behav-
ioral effects at the population level. We build on the grow-
ing body of work exploring how cognitive components like
theory of mind and individual differences can enhance agent
behavior (Li et al., 2023; Chen et al., 2024).

Our validation targets two classic experimental economics
paradigms. The Trust Game (Berg et al., 1995) measures trust
and trustworthiness through sequential monetary exchanges,
with third-party punishment extending this to include ob-
servers who can pay costs to sanction norm violations (Jordan
et al., 2016). The Public Goods Game represents a fundamen-
tal paradigm for studying cooperation where participants face
a social dilemma between personal gain and group welfare
(Ledyard et al., 1994). These mixed-motive settings provide
ideal test cases for validating social agents as they require so-
phisticated reasoning about reputation, norms, and strategic
behavior.

Methods
Generative Agent Implementation
We implemented our experimental paradigms using Concor-
dia (Vezhnevets et al., 2023), a framework for LLM-based
agents that enables natural language interaction while main-
taining grounded state variables for game decisions. Follow-
ing a principle of parsimony, we began with minimal agent ar-
chitectures and systematically added components only when
simpler models failed to reproduce human behavioral pat-
terns. This approach enabled precise identification of which
cognitive capabilities are necessary for social behavior. We
used GPT-4o as the base model for all architectures.

Our Base Agent Architecture includes fundamental com-
ponents: an Observation Summary (processes informa-
tion about current/past game states), Situation Assessment
(prompts the LLM to assess the current situation), and Deci-
sion (generates decisions based on previous components). We
then tested additional components: Persona (provides agents
with distinct personalities), Theory of Mind Reflection (en-
ables explicit reasoning about others’ mental states), Strat-

egy Reflection (explicitly considers long-term payoff max-
imization), and Emotion Reflection (considers emotional re-
sponses to situations). Our model comparisons systematically
included or excluded these components to identify minimal
sufficient architectures for replicating human behavior.

Additional Cognitive Components After testing the Base
Architecture against human data and identifying gaps in be-
havioral replication, we implemented these social and person-
ality components that make up what we call the Social Ar-
chitecture. Persona: Provides agents with distinct personal-
ities and behavioral tendencies. We asked Claude Sonnet 3.5
to generate 40 personas with varying demographics, occupa-
tions, and traits. Personality Reflection: Prompt displaying
the persona and asking the LLM: ”Based on this background
and your past actions, how would you describe your approach
to trust and fairness in economic decisions vs maximizing
your own payoff?” Theory of Mind Reflection: Enables ex-
plicit reflection about others’ mental states and intentions and
how they may respond to your behavior. The output of the
Observation Summary is included in the prompt such that the
agent can reflect on what their partner has done in previous
decisions.

To replicate Study 2, we additionally developed these com-
ponents in our iterative agent development process to help the
agent to value possible outcomes more precisely: Strategy
Reflection: Explicitly prompts the LLM to think strategically
about maximizing long-term earnings. Emotion Reflection:
Prompts the agent to consider their emotional response to the
situation: ”How are you feeling emotionally about the current
situation?”

Study 1: Third-party Punishment as a costly signal
of trustworthiness
We based our first generative agent simulation on the third-
party punishment game developed by (Jordan et al., 2016)
which consists of two sequential stages designed to test
whether costly punishment serves as a signal of trustworthi-
ness. Here, both stages consist of the Trust game. The Trust
game is a classic behavioral economics paradigm where one
player (the Helper) can choose to send some portion of their
endowment to another player (the Recipient), with the sent
amount being tripled by the experimenter. Then, the Recipi-
ent decides how much of this tripled amount to return to the
Helper. This creates a social dilemma that measures trust and
trustworthiness: while both players can benefit from coopera-
tion, the Helper may keep the endowment if they do not trust
the Recipient, and the Recipient faces a temptation to defect
by keeping the tripled amount.

In the first stage, one LLM agent acts as a third party,
the Punisher/Signaller, watching two people play the Trust
Game. The Trust Game consists of a Helper with an initial en-
dowment of $10 that could potentially be shared with another
player: the Recipient. In Stage 1, the Helper is programmed
to give $0 in order to evaluate whether the Signaller punishes
selfish behavior. The Signaller observes the Helper’s decision
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Figure 1: A. Two-stage approach of model validation and novel prediction generation. B. Iterative refinement of model archi-
tectures.

and can pay a personal cost ($2) to punish the Helper ($6 re-
duction of Helper’s winnings). The key feature of this stage
is that punishment is costly to the Punisher and provides no
immediate direct benefit, as they are an unaffected third party.

In the second stage, a new participant (the Chooser) plays a
trust game with either a punisher or non-punisher from Stage
1, knowing their previous punishment decision in the public
condition (see below). The trust game proceeds as follows:
1. Chooser receives an endowment as the Helper and decides
how much to send to the Signaller (Punisher in Stage 1). 2.
Any amount sent is tripled by the experimenter. 3. Signaller,
acting as the Recipient now, decides how much of the tripled
amount to return to the Chooser

Public and Private Conditions. To disentangle reputa-
tional from intrinsic motivations in third-party punishment,
we varied punishment decision observability across two con-
ditions. In the public condition (replicating Jordan et al.,
2016), the Signaller’s punishment decision was explicitly
communicated to the Stage 2 Chooser, and Signallers were
informed their decision would be public. In the private condi-
tion, the Signaller’s punishment decision remained unknown
to the Chooser, and Signallers were told their decision would
remain private. This manipulation removes potential reputa-
tional benefits while preserving all other aspects of the deci-
sion context.

Study 2: Gossip and Ostracism Promote
Cooperation in Groups
We based our second generative agent simulation on the gos-
sip and ostracism paradigm developed by Feinberg et al.
(2014) which examines how the spread of reputational infor-

mation through gossip facilitates cooperation and limits de-
fection in groups. The study employed a public goods exer-
cise where participants faced a social dilemma between max-
imizing personal gain and contributing to group welfare.

Public Goods Exercise The foundation of this study is the
public goods exercise. In each round: 1. Participants in
groups of 4 each receive an allotment of 10 points (worth 2.5¢
each in the study and $1 for our agents), 2. Each participant
decides how many points to contribute to a group fund ver-
sus keep for themselves, 3. The total points contributed to
the group fund are doubled and redistributed equally to all
group members. This creates a social dilemma where indi-
viduals benefit most by free-riding on others’ contributions.
After each round, participants learned how much each group
member had contributed and earned, were assigned to a group
with different partners for the next round.

Experimental Conditions The study employed a repeated
measures design where all participants played three distinct
conditions, each for six rounds: Basic In the basic game, par-
ticipants played the standard public goods exercise without
modifications. Gossip In the gossip condition, after learning
the results of each round, participants could send an anony-
mous gossip note about one of their current group members
to that person’s future interaction partners. This allowed
reputational information to flow between groups despite no
direct interaction between them. Gossip With Ostracism
This condition added an ostracism mechanism. At the be-
ginning of each round, after receiving any gossip notes, par-
ticipants could anonymously vote to exclude one participant
from playing in the upcoming round. If someone received
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Figure 2: TPP Results: (A) Average amount sent by choosers
to signallers in Stage 2. (B) Percentage returned by recipi-
ents in Stage 2. (C) Punishment rates in public versus private
conditions.

two or more exclusion votes, they were ostracized and did
not participate in that round, earning nothing. The remaining
three participants played the public goods exercise with a re-
duced multiplier (1.5 instead of 2) to maintain proportionality
of potential earnings.

Results
Study 1: Third-party punishment as a costly signal
of trustworthiness
We first examined what are the minimal components needed
in a generative agent model to reproduce key findings from
Jordan et al. (2016)’s human study of third-party punishment
shown in Figure 1: Key Finding 1: Choosers demonstrated
greater trust in punishers by sending them more money in
Stage 2. Key Finding 2: Punishers proved to be actually
more trustworthy by returning a higher percentage of funds
as Recipients in Stage 2.

By systematically varying agent components and compar-
ing their outputs to human data, we can identify which cog-
nitive mechanisms are necessary for reproducing these social
behaviors.

Model Validation Key Finding 1: Punishment Perceived
as a Signal of Trust. In the original human study, partic-
ipants consistently demonstrated greater trust in individuals
who engaged in costly third-party punishment. Initially, our
analyses with the base agent and GPT4o base model showed
that persona prompting is necessary to produce these crucial
individual differences in punishment rate ??. Without distinct
personas, agents showed uniform punishment rates of 100%,
failing to capture the natural variation seen in human stud-
ies, even with a relatively high LLM sampling temperature
of 1.0. Thus, adding personas was the first crucial compo-
nent necessary to model human behavior for this experimen-
tal paradigm.

With only a persona component, agents failed to discrimi-
nate between punishers and non-punishers in their trust deci-
sions (t = -0.566, p = 0.572, N=100), sending similar amounts
to both groups (Figure 2a). Analysis of agent reasoning re-
vealed that without explicit prompting to consider their part-
ner’s past behavior, agents defaulted to uniform trust levels
regardless of punishment history. This suggests that explicit
partner modeling is necessary for translating punishment sig-

nals into trust decisions, mirroring theories about human so-
cial cognition.

Following our iterative process, we added a theory of mind
component to our agent architecture. With this addition,
choosers sent significantly more money (22% more) to Sig-
nallers who had previously engaged in punishment compared
to those who did not (t = 6.08, p < 0.001, N = 400) (Fig-
ure 2a). This matches the effect observed in human studies,
suggesting that our agents captured the key dynamics of so-
cial trust.

Key Finding 2: Punishment is a Signal of Actual Trust-
worthiness The second key finding from the human study
was that punishers were actually more trustworthy when play-
ing as the Recipient in the trust game. This relationship
demonstrates that punishment isn’t merely cheap talk but re-
flects genuine prosocial tendencies. The Social architecture
(ToM + Persona) successfully reproduced this pattern: Sig-
nallers who had previously punished selfish behavior returned
significantly more money to Choosers compared to non-
punishers (t = 9.83, p < 0.001, N = 400) (Figure 2b). This
behavioral pattern provided validation that our agents weren’t
simply learning to signal trustworthiness superficially, but
were exhibiting internally consistent patterns of prosocial be-
havior across different contexts. This pattern persists in the
Theory of Mind ablation (t = 6.95, p < 0.001, N=100), as
punishers acted less selfishly as Recipients similarly to the
Social architecture with ToM (Figure 2b). This suggests that
individual differences implemented through personas are suf-
ficient to drive behavioral consistency through the LLM’s
modeling of stable prosocial traits.
Novel Predictions: Public vs. Private Punishment Hav-
ing validated our Social agent architecture against human be-
havioral patterns, we used the model to generate and test
novel predictions about punishment behavior under public vs.
private conditions. Our simulations revealed a significant dif-
ference in punishment rates between conditions Figure 2c. In
the public condition, 64.8% of agents chose to punish the self-
ish behavior of the Helper in Stage 1, while this rate dropped
to 48.9% in the private condition where punishment decisions
were not observable (χ2 = 18.68, p < 0.001, N = 400). This
16 percentage point difference helps quantify the relative con-
tributions of reputational versus intrinsic motivations for pun-
ishment. The 16% drop in punishment rates when decisions
are private represents the portion of punishment motivated by
reputational concerns. This suggests that the desire to signal
trustworthiness to potential future interaction partners drives
a significant portion, but not the majority, of punishment be-
havior. The substantial baseline rate of punishment in the
private condition, where there are no reputational benefits, re-
veals a strong intrinsic motivation to enforce fairness norms
in this task. This suggests that a sizable portion of punish-
ment decisions are driven by genuine prosocial preferences
rather than strategic concerns. These quantitative predictions
about punishment rates in public versus private conditions of-
fer clear hypotheses for future work with human participants.
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Figure 3: Gossip experiment results. Each line includes 5 experiments of 24 agents each.

Study 2: Gossip and Ostracism Promote
Cooperation in Groups

Building on previous experiments, we investigated the mini-
mal components needed to replicate human social dynamics
in Feinberg et al. (2014). In this study, participants in groups
of 4 played multiple rounds of a public goods game across
three conditions. In the basic condition, participants played a
standard public goods game. Two conditions allowed gos-
sip, where participants could write notes about players to
their future partners. In the gossip with ostracism condition,
players could use this information to vote to ostracize non-
cooperative members for a round. Researchers identified key
behavioral patterns to replicate: 1. Higher contributions in
the gossip + ostracism condition vs basic. 2. Higher con-
tributions in the gossip condition vs basic. 3. Higher con-
tributions in the gossip + ostracism condition vs gossip. 4.
Increasing trend in contributions for gossip + ostracism by
round. 5. Decreasing trend in contributions for gossip condi-
tion by round. 6. Decreasing trend in contributions for basic
condition by round. The study demonstrates that gossip and
ostracism mechanisms significantly increase group coopera-
tion.
Model Validation We first tested the Social architecture
(LLM agent with persona and ToM components) from our
previous experiments. This model replicated 3/6 of the ex-

periment effects previously highlighted (Figure 3). Con-
tributions are significantly higher in both gossip and gos-
sip+ostracism conditions compared to basic (F(1,119) =
77.56, η2 = 0.39 for gossip vs. basic; F(1,119) = 86.88,
η2 = .42 for gossip+ostracism vs. basic). These results show
the Social architecture captures reputational transfer effects
that function as sanctioning mechanisms increasing overall
contributions.

However, the Social architecture fails to replicate other
crucial effects from the original study. It doesn’t produce
the temporal dynamics of declining contributions in the basic
and gossip conditions. This effect, common in public goods
games (Ledyard et al., 1994; Fischbacher et al., 2001), oc-
curs as incentives lead to more free-riding behavior over time.
This creates a downward spiral in the basic condition, and to
a lesser degree in the gossip-only condition. Even though
mutual cooperation yields higher payouts for everyone, free-
riding becomes the dominant strategy without effective sanc-
tioning mechanisms like ostracism.

Relatedly, the Social architecture fails to replicate the sig-
nificant difference between the gossip and gossip + ostracism
conditions. In humans, contributions were highest in the
gossip and ostracism condition as it creates a social norm
in which cooperation is advantageous and norm-breaking is
costly. The explicit sanction of ostracism additionally causes
a phase shift in temporal dynamics, making cooperation ratio-
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nal and altering the game’s equilibrium. Our model shows in-
creasing contributions over time in both the gossip+ostracism
condition and the gossip condition, leading to no significant
difference between the groups (F(1, 119) = 1.55, η2 = .01, p
> 0.05).

We had two cognitively-grounded hypotheses for improv-
ing our model: a strategic reflection component to explicitly
consider payoff maximization, and an emotional component
to capture risk aversion and affective responses to coopera-
tion/defection.

The strategic component significantly improved model per-
formance (Figure 3). When added to the social architecture,
it enabled clear differentiation between all three conditions,
with highly significant pairwise comparisons between condi-
tions. Contributions were highest for gossip-with-ostracism,
and significantly higher than the gossip condition (t(119) =
−7.30, p < 0.001), matching human data and showing that
ostracism provides benefits beyond reputation alone. The So-
cial + Strategic model also demonstrated appropriate tempo-
ral trends—decreasing contributions in the basic condition
(slope: −0.5407, p = 0.0017), and increasing contributions
in gossip-with-ostracism (slope: 0.205, p = 0.014)—closely
matching human patterns. However, contributions in the
gossip condition remained flat rather than decreasing (slope:
0.053, p = 0.225).

In contrast, the emotional reflection component did not im-
prove replication. All conditions actually showed increasing
linear trends, and the emotional component model showed
higher contributions in the gossip condition compared to
gossip-with-ostracism (t(119) = 2.83, p = 0.005), the oppo-
site of what was observed in the human study. Combining
both components yielded results similar to the strategic-only
model, suggesting strategic reasoning is the critical cognitive
component.

Ablation studies confirmed the importance of our base ar-
chitecture components, with models lacking theory of mind
or personas failing to replicate key behavioral patterns and
condition differences. Importantly, our new architecture with
strategic reflection maintained successful replication of the
key findings from Study 1, providing additional validation
that these cognitive architectures capture essential social dy-
namics across different experimental paradigms.

Novel Predictions: Pre-round Discussion Condition We
next used the Social + Strategic Reflection model to explore a
novel intervention: adding structured discussion periods be-
fore each round of the public goods game. This condition
builds on the gossip-with-ostracism mechanism but adds a
collective deliberation phase, allowing agents to coordinate
their behavior and establish shared norms explicitly rather
than only through indirect gossip channels.

Contributions in the discussion condition (M = 38.17, SD
= 4.27) were significantly higher than in the standard gossip-
with-ostracism condition (M = 35.76, SD = 6.64), t(119) =
-3.52, p < 0.001), particularly for the first round before im-
plicit coordination can occur. This demonstrates that this

open discussion period further increases cooperation levels
beyond the gossip and ostracism condition.

Discussion
This paper demonstrates a systematic approach to validating
generative agent-based models through careful replication of
behavioral effects from the psychological literature and gen-
eration of novel predictions. Using the TPP paradigm and
gossip-ostracism studies, we identified key cognitive compo-
nents necessary for reproducing human social behavior.

Our finding of higher punishment rates in public settings
aligns with previous work on prosocial behavior under ob-
servation (Barclay, 2004; Milinski et al., 2002), supporting
costly signaling theory (Jordan et al., 2016). However, the
substantial punishment that persists in private settings sug-
gests the presence of both reputational and intrinsic moti-
vations for norm enforcement. Similarly, our finding that
discussion periods enhance cooperation extends Ostrom’s re-
search on how communities establish self-organized norms to
overcome social dilemmas (Ostrom, 1990).

While our validation approach provides multiple levels of
evidence through replication and model comparison (Vezhn-
evets et al., 2023), significant limitations remain. We couldn’t
replicate all behavioral patterns (such as the decrease in con-
tributions in the gossip condition), and our hand-designed
prompts represent degrees of freedom that may limit gener-
alization. The most immediate opportunity to strengthen this
work would be empirical testing of our novel predictions with
human participants, followed by refinement of our cognitive
architectures.

This work provides a template for rigorous validation of
generative agent-based models in social science. By com-
bining replication, systematic component analysis, and novel
prediction generation, these models can serve as both theo-
retical tools for understanding human behavior and practi-
cal tools for generating testable hypotheses. As LLMs ad-
vance, this validation approach will be crucial for establishing
their scientific utility while maintaining rigorous standards
of evidence, ultimately providing a scalable framework for
studying dynamic social phenomena (Vezhnevets et al., 2023;
Leibo et al., 2024).

Altogether, this work provides a template for rigorous vali-
dation of generative agent-based models in social science. By
combining careful replication, systematic component anal-
ysis, and novel prediction generation, we demonstrate how
these models can serve as both theoretical tools for under-
standing human behavior and practical tools for generating
testable hypotheses. As large language models continue to
advance, this kind of systematic validation approach will be
crucial for establishing their scientific utility while maintain-
ing rigorous standards of evidence. Most importantly, once
validated and expanded, this new paradigm provides a scal-
able framework for studying dynamic social phenomena such
as status, culture, and societal scale social dilemmas (Vezhn-
evets et al., 2023; Leibo et al., 2024).
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