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Abstract

Governing common-pool resources requires
agents to develop enduring strategies through co-
operation and self-governance to avoid collective
failure. While foundation models have shown
potential for cooperation in these settings, exist-
ing multi-agent research provides little insight
into whether structured leadership and election
mechanisms can improve collective decision mak-
ing. The lack of such a critical organizational
feature ubiquitous in human society presents a
significant shortcoming of the current methods.
In this work we aim to directly address whether
leadership and elections can support improved so-
cial welfare and cooperation through multi-agent
simulation with LLMs. We present a framework
that simulates leadership through elected personas
and candidate-driven agendas and carry out an
empirical study of LLMs under controlled gover-
nance conditions. Our experiments demonstrate
that having elected leadership improves social
welfare scores by 55.4% and survival time by
128.6% across a range of high performing LLMs.
Through the construction of an agent social graph
we compute centrality metrics to assess the so-
cial influence of leader personas and also analyze
rhetorical and cooperative tendencies revealed
through a sentiment analysis on leader utterances.
This work lays the foundation for further study
of election mechanisms in multi-agent systems
toward navigating complex social dilemmas.'

1. Introduction

Cooperation in multi-agent systems is a foundational
research domain focused on enhancing system efficacy
(Amirkhani and Barshooi, 2022; Yu et al., 2010; Du et al.,
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Figure 1. The AgentElect simulation framework. Cycles begin
with the Policy and Election phases to decide on a group policy for
the cycle. Policy is then used to guide agents through Harvest and
Discussion where agents first decide on how to act individually
and then deliberate on the state of the simulation and the actions
of the group. If the simulation survives, these lessons are carried
forward into the next cycle.

2023; Jiang and Lu, 2018; Guo et al., 2024; Han et al.,
2024; Jaques et al., 2019). Similarly, in human societies,
cooperative behavior has proven indispensable for resolv-
ing Common Pool Resource (CPR) dilemmas across both
historical and contemporary contexts (Gardner et al., 1990;
Ostrom, 1990; Ostrom et al., 1994). CPRs are character-
ized as subtractable assets for which it is very difficult, or
even impossible, to enforce any extraction limits (Ostrom,
1990), which makes their resolution non-trivial. Indeed
these problems exhibit many of the features of sequential
social dilemmas (SSDs) (Leibo et al., 2017) where prior
effort has been invested in exploring the role played by co-
operation, leadership, and communication in these settings
(Slumbers et al., 2025; Jaques et al., 2019; Park et al., 2022;
Piatti et al., 2024).

However, these works do not directly address the effects
of leadership in cases where the group can exercise col-
lective decision making through elections and subject to
explicit group policy agendas. Such factors are widespread
among human societies that promote well functioning sys-
tems of governance through popular participation as noted
among several seminal works of political philosophy (Plato,
1994; Locke et al., 2003; Rousseau, 1964; Marx and Engels,
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2019; Hayek, 1980; Dewey, 1916; Habermas, 1991). This is
further reflected among improved social welfare and cooper-
ativity among human social groups (Ostrom, 1990; Ostrom
et al., 1994; Allen and Sanglier, 1981; Plowman et al., 2007)
and, in this work, we set out to determine whether these
are important factors in promoting cooperation and group
health in multi-agent LLM systems.

To this end, we first propose to design a new simulation
framework of multi-agent LLMs that considers a general
set of SSDs (Leibo et al., 2017; Jaques et al., 2019) where
cooperation yields the Pareto-optimal solution. Designated
agents propose distinct collective action policies centered on
making sustainable strategies around the extraction of group
resources. Group elections are used to determine the win-
ning policy through plurality voting criteria (Golder, 2005;
Bormann and Golder, 2013) among social groups of CPR ap-
propriator agents (Reicher, 1982; Flamino et al., 2021). Our
simulation framework, AgentElect (Figure 1), is built upon
the Governance of the Commons Simulation, or GovSim
(Piatti et al., 2024). Specifically we add new components
to the simulation, policy and election phases, where leader
candidate personas draft policies for maintaining the CPR
and then, based on these policies, voting agents cast votes
among the candidates to elect a winner under a plurality
voting system (Mudambi et al., 1996). The winning policy
is used to guide agent actions during the subsequent har-
vesting and discussion phases where all agents first harvest
resources and then deliberate on how to manage the overall
resource going forward. Using our framework we run an
empirical analysis considering a broad range of simulation
settings, language models, unique social value personas, and
population distribution types. We then compare whether
elected leadership confers a benefit for sustainability in con-
trast to settings where leadership is fixed or appointed (no
elections), and settings where explicit leadership is absent
altogether (no leaders).

To our knowledge, no other work has directly considered
collective decision making through election mechanisms in
purely multi-agent LLM systems. Our approach yields a
number of significant findings:

1. Elected group policy leads to the best outcomes from
the standpoint of group social welfare and survival.

2. Agents oriented toward maximizing group reward are
most often elected to lead the group.

3. Social influence among agents is widely dispersed,
indicating a propensity of the group to deliberate on di-
verse ideas despite more specific electoral preferences.

4. Leaders oriented toward maximizing the group’s re-
ward tend to be more cooperative and put forward ar-
guments appealing to norms and emotion, while more

self-interested agents are less cooperative and attempt
to persuade more often with logical sounding argu-
ments.

Finally, we include the open-source implementation of our
simulation framework and analysis methods.

2. Simulation Framework

Now we describe the flow of the simulation depicted in
Figure 1 which characterizes the AgentElect framework
covering the following: agent personas and social values
(§ 2.1.1), population sampling (§ 2.1.2), and structure of the
simulation as a whole (§ 2.2). We show formally in § B that
the general CPR problem that we present in AgentElect is
isomorphic to SSDs where mutual cooperation yields the
Pareto-optimal outcome. This provides a firm game theo-
retical grounding of our methodology and findings under
a general and widely addressed problem setting (Striimke
et al., 2022; Dafoe et al., 2020; Leibo et al., 2017).

2.1. Personas and Populations

The group population is partitioned into voters and lead-
ers. Leaders will draft policy agendas with the intention
of directing the collective action of the group while voters
will participate in elections. All agents engage in individual
harvesting actions and collaborative group discussion. To
measure the efficacy of introducing leaders into the popula-
tion we consider three general leadership settings: a popu-
lation consisting entirely of voters (No Leadership); single
Fixed-Leader populations defined by distinct leader types;
Elected-Leader populations where elections will determined
leadership every round. We next describe the specifics of
our agent persona operationalization in § 2.1.1 and popu-
lation persona distributions in Elected-Leader scenarios in
§2.1.2.

2.1.1. PERSONAS AND SOCIAL VALUE ORIENTATION

Voters inherit the neutral appropriator persona types from
GovSim (Piatti et al., 2024) while leader personas are con-
ditioned on Social Value Orientation (SVO) (Murphy et al.,
2011; Leibo et al., 2017; Du et al., 2023; Slumbers et al.,
2025; Bogaert et al., 2008). Detailed persona prompts can be
found in Section G.2. SVO quantifies social value through
an agent’s tendency to value its own reward against the av-
erage reward attained by the rest of the group. Given that
each of these value senses are quantified and projected onto
orthogonal axes, the resulting vector determines an angle in
this space which functions as an index on social valuation.
This may manifest as highly self-interested, or Competitive,
agents who maximize their own reward while minimizing
that of the group’s. On the opposite end of the spectrum are
Altruistic agents who behave in a way that maximizes the
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group’s reward, even at their own expense. On the spectrum
ranging between these types are two other broad categories
that aim to maximize group and individual reward respec-
tively, they are Prosocial and Individualistic. See § D for
precise details on the definition of SVO and how we use it in
persona prompting. When creating a population we sample
SVO angles uniformly from within the range determined by
the category: Altruist between 57.15 and 90 degrees, Proso-
cial between 22.45 and 57.15 degrees, Individualist between
-12.04 and 22.45 degrees, and Competitive between -12.04
and -45.0 degrees (further detail in § D).

Sampling our agents in these ways leads to distinct phras-
ing responses (Lau and Zubiaga, 2025) across simulations.
We account for this by running simulations across multiple
seeds and applying the appropriate statistical testing, the
details of which can be found in § 3.

2.1.2. ELECTED-LEADER POPULATION TYPES

Elected-Leader settings define three population sub-types,
each with four leaders sampled from among the SVO cate-
gories (Table 1). Note that "Leaning"” populations include
two separate personas sampled within the same SVO cate-
gory and that have been chosen to reflect the left-centrist-
right spectrum of political ideologies (Bobbio, 1996). Dur-
ing simulation of Elected-Leader populations, given a popu-
lation type, we sample the four leaders from their assigned
SVO categories. In general, given a population of /N agents
and L leaders we will have N — L voters to vote among the
leaders.

Population Type Leader Types

Altruistic, Prosocial,
Individualistic, Competitive
Altruistic, Prosocial,
Prosocial, Individualistic
Prosocial, Individualistic,
Individualistic, Competitive

Table 1. Elected leader population distribution types. The Leader
Types column describes the SVO category composition of the
leader populations. For instance, in a Balanced population there
exists one of each leader type, while in a Lean Altruistic population
we have two Prosocial leaders, one Altruistic leader, and one
Individualistic leader.

Balanced

Lean Altruistic

Lean Competitive

2.2. Simulation Flow

AgentElect simulations are built around a system of interact-
ing agents maintaining a common resource in balance with
their own individual gain. The simulation plays out over a
sequence of cycles consisting of five phases (Figure 1). If
at any point the total amount of resource falls below a mini-
mum amount (e.g. 5 units) it will be considered depleted and

the simulation will end. Like GovSim, the aim is for the ap-
propriator population to survive as long as possible while at-
tempting to maximize the total amount of resource harvested
by the group (social welfare), and while each appropriator
wants to also maximize their own catch (total gain) through
harvest actions. The appropriators extract resources during
the Harvest phase without the knowledge of what other
agents attempt to harvest. After the harvest the resource
regenerates according to a stochastic multiplicative regener-
ation factor that is sampled uniformly between 1.0 and 3.0
per cycle. This replenishes the resource up to a maximum
of its carrying capacity. That is, given a regeneration factor
of p, an end of cycle stocks Fgost—harvest’ and a maximum
carrying capacity of M, the amount of regenerated stock is
determined by: F' 1! < min(M,p- F!

pre—harvest post—harvest ) .

Leaders generate agendas and harvest reports while vot-
ers cast ballots in elections (when applicable). All agents
appropriate resources and participate in discussion and self-
reflection. Agents retain their own memories (Piatti et al.,
2024) including events such as: past votes, Harvest actions,
Election winners and their agendas, conversation utterances,
and self reflection - further detail in § G.2.1. We also define
a global truthfulness flag encouraging agents to be honest
when making public statements and to share their reasoning
as much as possible (see § G.2). On the other hand, when
this flag is false, it indicates that agents may be deceptive
by omitting information or explicitly lying when making
public statements (§ G.1). When agents are prompted to
generate these artifacts we always include the general task
description, the cycle specific task description, their SVO
(when it exists) and role, the current leader identity and their
agenda, the latest harvest information available, their most
salient memories, and the truthfulness prompt. Note that
the leader also produces a harvest report, directly after the
Harvest phase, based on true harvest stats - harvest of each
agent and total stocks remaining - that only they can see.

The cyclic flow initiates with the Policy phase where leaders
make their policy agendas for the cycle. During the initial
round the leaders mainly base their output from the task and
their persona, however in subsequent rounds leaders will
be able to condition on prior round information in memory:
prior reporting, policies, and stats. In the Election voters
are each presented with a list of the agendas (in randomized
order) and asked to cast a vote and to provide their reason-
ing. Elections are run using the First-Past-The-Post method,
the most common Majoritarian election type in practice
globally (Golder, 2005; Bormann and Golder, 2013), where
a plurality of votes is required to win. When the winner
is selected (ties are broken randomly) and their agenda is
promoted in the Harvest where each agent is tasked to
propose a quantity of resource to harvest concurrently and
privately. After generating the report, the leader initiates the
Discussion citing their agenda and report. In this phase the
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agents deliberate about their collective action where they
have an opportunity to make observations, inferences, and
potentially new rules. Finally, agents can Reflect on their
future actions based on the points raised during discussion.

It is useful at this point to note a few things in light of
Ostrom’s eight principles of long enduring CPRs (Ostrom,
1990). Policy phases enable leaders to propose new rules
directly while the discussion phase facilitates participatory
decision making and conflict resolution where the group
engages as whole. Leaders may take advantage as they are
at liberty to report misinformation after their harvest in order
to associate their leadership with better outcomes or to mask
their own abuse of the commons. However, in the Elected-
Leader scenario they run the risk of being sanctioned by
the other leaders, through call-outs in the agendas or during
discussion (with some examples in § G.6) and in subsequent
cycles when prior harvest statistics become available.

3. Experiments & Results
3.1. Experimental Setup

Our experimental design is targeted at understanding how
multi-agent LLM systems perform within SSDs where mu-
tual cooperation is the Pareto-efficient strategy (§ B). This
draws on recent work that demonstrates LLMs can function
as good simulators in an aggregate group setting (Piao et al.,
2025; Vezhnevets et al., 2023; Park et al., 2022; Piatti et al.,
2024). We focus on the effects of elections over a range
of fixed and variable hyper-parameters over the three top-
level leadership settings: No-Leadership (baseline), Fixed-
Leadership, and Elected-Leadership. Our simulations are
run across a set of models described in § 3.2 where fixed
parameters include 6 cycles, 8 agents, and a conversation
limit of 50 responses per discussion. Variable parameters
include the eight specific population settings among each
leadership settings, the truthfulness flag ({true, false}),
and 10 experiment seeds overall yielding 480 simulations
over the three models. We also run a larger 20 agent pop-
ulation setting with GPT-4.1 for a total of 640 simulations.
Finally we perform a sentiment analysis based on LLM
judges (Li et al., 2024) with Gemini 2.5 Pro over leader
responses in the discussion phase to assess persuasive and
cooperative tendencies for each leader type (§ 3.6) for a
further 80 (4 leaders, 10 seeds, two truthfulness settings)
analysis runs. All models generated output with a temper-
ature of 0.0 (greedy) and a max token output size of at
least 16K tokens, which is sufficient for all responses in the
simulation. We evaluated the following metrics from our
simulations: the efficacy of the population settings on sus-
tainability and social welfare (§ 3.3); given Elected-Leader
populations, the electoral dynamics (§ 3.4), the social in-
fluence among the leaders (§ 3.5), and the cooperative and
persuasive sentiments of the leader types (§ 3.6).

3.2. Models

We evaluate our methodology over three language models:
GPT-40, GPT-4.1, and Gemini 2.5 Flash (OpenAl et al.,
2024; Comanici et al., 2025). Both GPT-40 & Gemini
2.5 Flash utilize thinking tokens (OpenAl et al., 2024; Wu
et al., 2024) while GPT-4.1 is a performant non-thinking
model. This model set was selected based on strong perfor-
mance on cooperative sustainability benchmarks Piatti et al.
(2024) and for being among some of the recently released
top-tier models, achieving a top-3 ranking, on the Lmsys
public leaderboard performance (Chiang et al., 2024; Zheng
et al., 2023; 2024). Rather than exhaustively cataloging
performance across a large set of models we prioritize our
resources toward a set of reasonably high capability mod-
els while allowing the greater focus of empirical work to
devolve on our simulation settings.

3.3. Sustainability and Social Welfare

We address the first research question: does introducing
leader roles increase the sustainability of our social groups?

Efficacy results of the eight population settings are reported
in Tables 2 to 4 in the main paper and Tables 6 to 10 in
§ C. Our results indicate that Elected-Leader populations
achieve the most effective outcomes for group sustainability.
In 8-agent simulations with GPT-40 and truthful prompt-
ing, Elected-Leader groups achieved a mean Social Wel-
fare score of 178.55. This significantly outperforms No-
Leader populations, which averaged 118.09. To evaluate
the overarching impact of leadership, we performed a One-
Way ANOVA (Fisher, 1925) across all experimental models
and seeds (N=640). The results reveal that Elected-Leader
groups consistently outperform all other settings. Compared
to No-Leader scenarios, Elected-Leader populations real-
ized a 55.4% gain in Social Welfare (p < 0.001) and a
128.6 % increase in Survival Time (p < 0.0001). Further-
more, the elective process provided a significant advantage
over Fixed-Leader settings, yielding a 16.7 % improvement
in Social Welfare (p < 0.01 via Tukey’s HSD) and a Sur-
vival Time gain of 35.47% (p < 0.01). These findings sug-
gest that elected leadership acts as a critical buffer against
the “tragedy of the commons,”, yielding a “Leadership Div-
idend”, effectively mitigating the risks of collective failure
even in the presence of deceptive actors or high-extraction
competitive personas.

Some additional salient trends emerge. First, leaders under
deceptive prompting had a tendency for lower welfare scores
- as a non-cooperative behaviour, this isn’t unexpected in a
setting where mutual cooperation leads to better outcomes.
Secodn, scaling up to a population of 20 agents comes with
an increased burden on self-organization, and indeed we
see lower overall average scores on the group metrics gen-
erally. However the relative gap between Elected-Leader
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and Fixed-Leader settings has widened (see Tables 4, 6,
7 and 10). Third, while leadership improves survival, it
introduces an Equality Paradox. Elected-Leader popula-
tions showed significantly lower equality indices (Gini In-
dex 0.79) compared to Fixed-Prosocial settings (Gini Index
0.97). This difference is statistically significant (p < 0.01),
suggesting that the diversity of personas in elective cycles,
while beneficial for welfare, creates more skewed harvest
distributions as competitive leaders occasionally free-ride
(Baumol, 1952) while Altruists may harvest at especially
low rates relative to the other types. Indeed this demon-
strates that while there are benefits to a diverse population
there are also costs (Rajan et al., 2000; Gomez and Bernet,
2019). Finally, further inspection of harvest actions indicate
that they are in line with what would be expected given the
leader SVOs. Competitive leaders reap relatively large har-
vests despite low survival while Altruists sometimes barely
attempt any catch for themselves. Note that with the average
regeneration factor being 2.0, and assuming a full stock of
resource, this yields a sustainability threshold (§ B) of 6.25
units of resource which group-rewarding (i.e. Prosocial
and Altruistic) leaders tend to consistently observe by not
exceeding, with Prosocial leaders staying on average closer
to the limit. Since an agent’s social value will not neces-
sarily be explicitly known this contextualizes an important
distinction between Fixed-Leader and Elected-leader set-
tings. While some Fixed-Leaders demonstrate high efficacy
scores, Elected-Leader settings can mitigate risks of being
stuck with a bad leader.

3.4. Elected-Leader Electoral Outcomes

Now that we have established that the presence of leadership
can lead improved social welfare we can now turn to the
question of which leaders gain the most success in executing
their policy. Election results per model are shown in the
heatmap in Figure 2 for GPT-40 and for other models in ap-
pendix Figures 5 to 7. Statistical analysis of voting patterns
reveals a non-random preference for group-rewarding per-
sonas. A Chi-Square Goodness-of-Fit test (Pearson, 1900)
rejects the null hypothesis of uniform voting across the four
leader types (p < 0.0001). Prosocial and Altruistic leaders
consistently dominated the polls, receiving between 3.0 and
4.0 votes per cycle in balanced populations, while Com-
petitive candidates frequently received zero support. This
preference suggests high “Voter Rationality,” as agents fa-
vored leaders whose agendas prioritized the preservation of
the resource, reflecting a strong correlation between vote
share and lake survival (r = 0.85).

GPT-40 agents indicate that Altruists fare well in Balanced
populations and in the later cycles for Lean Altruistic popu-
lations, in particular under truthful prompting. GPT-4.1 on
the other hand consistently tends toward Prosocials demon-
strating strong performance in early cycles with Altruists

improving in the later cycles. Generally for the Lean Com-
petitive population the Prosocial leader obtains the highest
mean vote share. However, Gemini 2.5 Flash results signify
that the Individualistic leader is competitive under some
conditions, particularly when deceptive prompting is used.
Finally, the 20 agent population in Figure 7 signifies strong
support for Prosocial leaders across all settings.

3.5. Social Influence among Leaders

Election results clearly favoured group-rewarding leaders,
but is this as clearly reflected in the social influence of the
group? To measure influence over the leader types social
activity from all discussion phases in the simulation are used
to compose an agent network graph. Agents are represented
as nodes while edges are determined by name references to
other agents in the discussion or by next speaker nomina-
tions. Each reference adds a weight of 1.0 from the referring
agent to the referred. We chose this operationalization as
it captures the speaking agent’s attitude in a few important
ways. First, speaker references and nominations provide a
clear and simple signal for referential choice available from
the discussion. Second, the speaking agent will typically
reference past utterances it deems to be useful information
to condition on. Third, next speaker nomination indicates
agents who the current speaker imagines can add useful
information to the current discussion (see § G.6 for concrete
samples). Given this representation of the social activity
of the group we use centrality metrics (Degree, Edge, Im-
portance. Details in § E) and Gini Index (Saxena et al.,
2015; Freeman, 1978; 1977; Bonacich, 1987; Gini, 1912)
to measure influential nodes and resource distribution.

3.5.1. RESULTS

Figures 3, 10 and 11 report the social centrality metrics
(§ E.2) across leader types in Elected-Leader populations.’
Despite their electoral failure, self-interested personas re-
mained integrated into the social fabric. Using a Kruskal-
Wallis H Test (Kruskal and Wallis, 1952) to compare cen-
trality metrics in Balanced populations, we found no statisti-
cally significant difference (p > 0.05) in Degree Centrality
between Prosocial leaders (82.60) and Competitive leaders
(63.40). Betweenness centrality, measuring an agent’s role
as an information relay, showed no statistically significant
concentration in any single leader type across Balanced pop-
ulations (Kruskal-Wallis H test, p > 0.5). This indicates
that deliberation remains a decentralized process where in-
formation flow is not strictly gated by the elected official.

Conversely, Importance Centrality—which weights
an agent’s influence by the prestige of their connec-
tions—revealed a significant divergence in Lean Competi-

Note that Lean Altruist populations contain two Prosocials
while Lean Competitive contain two Individualists.
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Group Metrics Leader Actions / Cycle
Population Type Social Welfare ~ Survival Time  Survival — Equality  Altruistic  Prosocial ~ Competitive  Individualistic
Balanced 179.44 12242 3.90 +o0.76 0.50 +0.18  0.75 +006  4.74 +116  4.69 +0.82 11.46 +1.98 7.28 +0.95
Lean Altruistic 185.50 +15.00 5.60 +0.42 0.90 +011 091 +o04 3.07 +033  4.12 +0.40 N/A 5.46 +0.82
Lean Competitive 170.70 +23.34 3.90 +0.74 0.50 +0.18  0.72 +0.07 N/A 4.49 +o.8 11.13 +1.38 6.12 +1.26
Fixed Prosocial 220.62 +9.48 5.80 +0.21 0.90 +o.1  0.97 o1 N/A 4.90 +0.22 N/A N/A
Fixed Competitive 101.20 +1.26 1.10 +o.11 0.00 +000  0.78 +0.03 N/A N/A 34.73 +£3.90 N/A
Fixed Individualistic 165.10 +24.22 3.20 +o0.81 0.40 +017  0.76 +0.06 N/A N/A N/A 9.12 +1.14
Fixed Altruistic 181.90 +1848 5.20 +056 0.80 +0.14  0.90 +003  3.02 +0.60 N/A N/A N/A
Elected-Leader 178.55 +1.36 4.47 +o.a8 0.63 +0.04  0.79 +o.02 - - - -
Fixed Leader 167.20 +7.87 3.83 +034 0.53 007  0.85 +0.02 - - - -
No Leader 118.09 +10.21 1.90 +o0.40 0.00 000  0.76 +0.04 - - - -

Table 2. GPT-4o efficacy results, 8 agents, all population types, & truthful prompting. Bold is highest in individual and general settings.

Group Metrics Leader Actions / Cycle
Population Type Social Welfare  Survival Time  Survival Equality  Altruistic =~ Prosocial ~Competitive Individualistic
Balanced 182.14 +18.06 4.60 +0.69 0.60 017 0.76 +005  3.11 053  4.11 +0.60 9.20 +0.80 7.09 +0.79
Lean Altruistic 198.60 +15.08 6.00 +0.00 1.00 +000 0.88 +003  3.08 +044  3.98 +o040 N/A 5.48 +0.56
Lean Competitive 121.85 +13.86 1.80 +o.54 0.10 011 0.62 +0.04 N/A 4.89 +105  23.61 +246 14.53 +241
Fixed Prosocial 197.01 +17.711 5.20 +054 0.70 +0.16  0.91 +o.05 N/A 4.62 +0.60 N/A N/A
Fixed Competitive 100.00 +0.00 1.00 +0.00 0.00 +0.00  0.74 +0.03 N/A N/A 42.50 +3.95 N/A
Fixed Individualistic 123.50 +15.95 2.00 +0.59 0.10 011 0.81 +0.04 N/A N/A N/A 14.60 +1.51
Fixed Altruistic 192.00 +16.14 5.50 +053 0.90 +0.11  0.88 +005  3.44 +o050 N/A N/A N/A
Elected-Leader 167.53 +7.38 4.13 +0.39 0.57 008  0.75 +o0.02 - - - -
Fixed Leader 153.13 7711 3.42 +036 0.42 +007  0.83 +o.01 - - - -
No Leader 117.50 +9.40 1.90 +o0.40 0.00 +000  0.72 +o0.04 - - - -

Table 3. GPT-4o0 efficacy results, 8 agents, all population types, & deceptive prompting. Bold is highest in individual and general settings.

Group Metrics Leader Actions / Cycle
Population Type Social Welfare ~ Survival Time  Survival = Equality  Altruistic  Prosocial ~Competitive Individualistic
Balanced 159.92 +15.55 5.80 +0.21 0.90 +0.11  0.61 +005  0.31 014  1.24 +o0.10 6.55 +1.13 2.26 +0.18
Lean Altruistic 117.10 +£2344 5.00 +0.70 0.80 +0.14  0.69 +o12  0.68 +020  1.81 +0.60 N/A 2.04 1032
Lean Competitive 207.13 +11.32 6.00 +0.00 1.00 +o00  0.80 +0.04 N/A 1.50 +0.13 6.53 +1.38 2.15 +020
Fixed Prosocial 172.90 +14.34 6.00 +0.00 1.00 +000  0.95 +0.02 N/A 1.50 +o.11 N/A N/A
Fixed Competitive 105.40 +s.69 1.50 +o.53 0.10 011 0.81 +o.01 N/A N/A 23.20 +2.33 N/A
Fixed Individualistic 110.70 +11.28 1.50 +o053 0.10 011 0.76 +o0.04 N/A N/A N/A 15.80 +3.36
Fixed Altruistic 136.60 +12.71 4.50 +o.31 0.70 +016  0.87 +003  0.62 +o0.18 N/A N/A N/A
Elected-Leader 161.38 +s8.22 5.60 +o.10 0.90 +002  0.70 +o.02 - - - -
Fixed Leader 131.40 +4.388 3.38 +036 0.47 007 0.85 +o.01 - - - -
No Leader 100.00 +0.00 1.00 +0.00 0.00 +0.00  0.85 +0.03 - - - -

Table 4. GPT-4.1 efficacy results, 20 agents, all population types, & fruthful prompting. Bold is highest in individual and general settings.

Truthful Deceptive
SVO Type Coop. Index Logos Pathos Ethos Coop. Index Logos Pathos Ethos
Prosocial 0.71 +o.02 0.52 +o01  0.20 002  0.28 +0.03 0.72 +0.03 0.68 +o06  0.08 002  0.24 +o.04
Competitive 0.36 +0.04 0.70 006 0.10 +0.04  0.20 +0.06 0.36 +0.02 0.71 007 0.15 4006  0.13 +0.04
Individualistic 0.39 +o0.04 0.76 +007  0.11 +006  0.13 +o.06 0.36 +0.03 0.79 +006  0.10 +005 0.11 +0.05
Altruistic 0.74 +o0.02 0.51 +003  0.22 +004  0.26 +0.03 0.64 +o0.02 0.68 +005  0.20 +004 0.11 +0.03

Table 5. Cooperation and persuasion sentiment for GPT-40 across all leader and truth prompt settings taken from fixed-leader populations.

tive populations. Despite failing to garner electoral support,
Individualistic leaders exerted the highest Importance influ-
ence (0.37 to 0.44). An independent t-test (Student, 1908)
confirms that Individualists held significantly higher net-
work prestige than their Prosocial counterparts in these set-

tings (p < 0.05). This suggests that while group-rewarding
types win elections, self-interested agents often remain “in-
fluential outsiders,” successfully pulling the group’s deliber-
ative weight toward self-rewarding considerations.
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3.6. Cooperative and Persuasive Sentiments

Do some agents take a more cooperative approach? Do
they exhibit unique rhetorical profiles? During discussion
all agents can weigh in on the leader agendas and harvest
reports emerging from the most recent harvest. Statements
and their authors are retained in agent memories to recall
in future cycles (§ G.6) and so can be critical how appro-
priators, and especially leaders, decide to participate in this
exercise. Indeed as we have seen cooperation is critical to
the success of our CPR populations (§ B) and therefore it
will be important to understand not only how agents mani-
fest their intentions through harvest actions, but also through
language as a medium for rhetoric with which they attempt
to influence.

Methods Our approach measures cooperative and persua-
sive elements through taxonomic categorization (see § F)
employing the methodology from Piedrahita et al. (2025a)
which uses LLM judges (Gemini 2.5 Pro by default) to
classify language outputs. In the case of cooperative senti-
ment, agent utterances are scored across a set of taxonomic
categories (e.g. cooperative categories: Cooperative ar-
gument, Moral considerations, etc.; e.g. Non-cooperative
categories: Payoff maximization, Free-Riding, etc.) to com-
pute a Cooperative Index (§ F). For each agent this index
is based on an average rate of cooperation across its full set
of utterances where binary classification of cooperation is
determined for each utterance by comparing overall coop-
erative sentiment against non-cooperative sentiment. This
same methodology is applied to persuasive categories based
on Aristotle’s rhetorical triangle (Aristotle et al., 1984): Lo-
gos, Pathos, Ethos - rhetorical categories that have been
used in prior work to classify LLM persuasive sentiment
effectively (Sosnowski et al., 2024; Liu et al., 2025; Argyle
et al., 2025). Finally, to validate our categorizations, we
employed cross-validation against a set of top-tier models
(GPT-40, Qwen-1.5 110B, GPT-4.1), across 880 utterances,
and over eight population settings. We found strong aver-
age pairwise agreement with our baseline model yielding
an averaged kappa test statistic (Cohen, 1960) of 0.85 for
cooperative sentiments 0.83 for persuasive sentiments.

Results We assessed leader sentiments from their fixed-
leader settings across all seeds and over both truthful and de-
ceptive prompt settings (Table 5). Group-rewarding leaders
exhibit a Cooperative Index that is significantly higher than
that of Self-rewarding leaders (e.g. Prosocial 0.72 against
Competitive 0.36, p < 0.001). Under deceptive prompt-
ing, the Prosocial leader’s Cooperative Index remained
virtually unchanged across settings (0.72 truthful vs. 0.71
deceptive), the Altruistic leader’s index underwent a signif-
icant depression, falling from 0.74 to 0.64 (t = 3.54, p <
0.01) (Student, 1908), whereas the shifts for other leader

types were not statistically distinguishable (p > 0.05). This
suggests that while most leaders maintain a consistent “co-
operative mask” regardless of their intent to deceive, the
Altruistic persona’s language becomes fundamentally less
cooperative when they are permitted to manipulate informa-
tion or omit reasoning.

Rhetoric analysis reveals that Self-rewarding leaders rely
heavily on Logos (e.g. Competitive logical arguments, 0.70)
while almost entirely eschewing Pathos (emotional appeals,
0.10), creating a distinct “cold-rationality” profile used to
justify their higher individual harvests. Group-rewarding
agents favored a rhetorical profile characterized by higher
levels of Pathos and Ethos compared to self-rewarding
types. Specifically, Prosocial leaders utilized emotional
appeals (Pathos) at a rate of 0.20, twice the 0.10 observed
in Competitive leaders (p < 0.001), while also maintaining
significantly higher cooperative indices. Under deceptive
prompting, Altruistic leaders experience a significant shift
in persuasion strategy, characterized by a sharp decline in
Ethos (0.26 to 0.11) and a corresponding increase in the use
of logical Logos (0.51 to 0.68).

4. Conclusion

This work presents AgentElect, a way to simulate election-
mechanisms and collective decision making for multi-agent
LLM systems in a generalized SSD setting where coopera-
tion yields the Pareto-efficient optimal strategy. Our results
show that 1) elected leadership simulated over a range of
models can substantially improve a group’s well being on av-
erage resulting in a 55.4% boost in welfare 128.6% increase
in survival time when comparing to leaderless populations;
2) leaders with group-rewarding social profiles get elected
most often; 3) social influence is dispersed and representa-
tive of a variety of social viewpoints; and 4) the most effec-
tive leader personas also tend to promote cooperation most
in public discourse. This work paves the way for further
multi-agent LLM research focused on voting mechanisms
in large scale systems of agents and personas, simulating
real-world democratic systems, and incorporating voting
signals into LLM fine-tuning for socially capable agents.

Impact Statement

We have sought to understand the role that self-organized
leadership plays in multi-agent LLM domains over a set of
sequential social dilemmas. We have focused on a relatively
general approach that could be applied broadly in practice
(compute resource networks, human resource management
systems, networks of autonomous vehicles, factory robotics
etc.) so it is important to note that extreme caution should
always be exercised when deploying agents in real-world
systems, especially where humans are concerned. If any
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serious consideration is to be taken to deploy multi-agent
systems with self-organized social and leadership structures
it would be critical to perform extensive testing for the par-
ticular use case in a sand-boxed environment. In particular
some agents might be motivated toward manipulation of
governance processes, collusion among agents, or strongly
biased and discriminatory decision-making.

Depending on the volatility and value of any resources under
management, well tested systems should be deployed in a
phased manner and always well monitored with mitigation
plans in place in case of any failures. This work was carried
out on subset of pretrained LLM models available through
public API services and therefore we would strongly advise
replicating our study on any new models that may be under
consideration in a practical use case. Further, hallucinations
of LLMs is a well known issue that should be accounted
for alongside any deployment and we would caution that
any LLM generated decision making could be predicated on
fabricated premises. Given safe deployment however, we
believe that both traditional human decision making commu-
nities and completely synthetic ones could realize a potential
enrichment when compared to traditional processes where a
diverse set of social values and information can be brought
to bear.

This work could be taken in a few new directions. First, to
move beyond social groups and to scale up to large scale
multi-agent systems with a more diverse set of personas
and local objectives aiming at understanding democratic
participation at scale. Indeed exploring personas more gen-
erally across the whole population would likely lead to com-
pletely different election dynamics that mimic real world
societies more closely (Qu and Wang, 2024; Zhang et al.,
2024; Argyle et al., 2025; Linegar et al., 2023). This ap-
proach would also likely require some extensions around
mechanisms that allow for agents to pursue different ob-
jectives, and for rules and norms decided by the group to
be enforced to some degree. Second, some CPRs may be
good candidates to learn about human and agent inter-
action and cooperation, in particular resources that can be
feasibly be managed jointly between humans and agents via
synthetic interfaces like the Internet (Hess, 1995). Finally,
social learning via multi-agent RL. may be applied over
agent actions and utterances, inducing them toward more
effective cooperative strategies and even the discovery of
new knowledge (Reed et al., 2010).
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A. Related Work & Background

Social Simulation with LLMs. There has been a great deal of focus in recent work on multi-agent simulation of social
scenarios with LLMs (Piao et al., 2025; Vezhnevets et al., 2023; Piatti et al., 2024; Piedrahita et al., 2025b; Backmann et al.,
2025; Park et al., 2022; Jin et al., 2025; Choi et al., 2025; Pandey et al., 2026; Samway et al., 2025; Cobben et al., 2026).
This body of research reflects the growing importance of this sub-field as LLM capabilities continue to improve (Chen
et al., 2024; Yang et al., 2024) and much of this work addresses how these models can enact cooperative strategies. For
instance, the Concordia library (Vezhnevets et al., 2023) can be used to carry out generative agent based modeling (GABM)
through simulation of open-ended multi-agent LLM role playing scenarios facilitated by a game master, itself an LLM.
This work supports experimentation in a variety of contexts including the social sciences, ethics, cognitive neuroscience,
and economics. GovSim (Piatti et al., 2024), on the other hand, explores these themes as a sustainability benchmark used
to assess the capacity of various language models to cooperatively engage in the management of abstract CPRs. Model
capabilities also proved to be critical here where the larger closed models achieved higher rates of survival. However, lacking
in this approach is a mechanism that allows the group to explicitly organize their efforts around collective action, a topic
that we explore in this work through fixed and elected leadership and demonstrate is a substantial consideration for group
sustainability.

Multi-Agent Cooperation. Prominent works have shown that there are numerous types of CPR problems where, through
cooperation, social groups can devise their own rules, monitoring strategies, and institutions to sustainably manage a
common resource (Poteete et al., 2010; Ostrom, 1990). Such settings can be cast into a simulated multi-agent framework
which is supported by a rich history of investigation into cooperative behaviour (Piatti et al., 2024; Amirkhani and Barshooi,
2022; Yu et al., 2010; Du et al., 2023; Jiang and Lu, 2018; Guo et al., 2024; Han et al., 2024; Jaques et al., 2019; Leibo
etal., 2017). In the context of GABM, this often requires good verbal communication skills so that agents can deliberate
amongst one another effectively and persuasively (Sosnowski et al., 2024; Liu et al., 2025; Argyle et al., 2025; Vezhnevets
et al., 2023). Port of Mars (PoM) (Slumbers et al., 2025) studies some of these themes through simulation of collective risk
social dilemmas (CRSDs) and trade-offs between individual and collective goals. Agents assume specialized roles with a
shared objective in maintaining a common resource, "system health”, in balance with their individual goals, or their own
reward, in order to ensure the survival of their colony. The simulated environment is partially observable and agent personas
are based on social value orientation (Murphy et al., 2011) which may lead them to take adversarial actions. The work
considers the effect that leadership has in regard to sustaining the colony where they conclude that in general less altruistic
personas made more effective leaders with regard to survival, positing that selfish leaders do a better job of coercing other
group members into paying into the system health. Jaques et al. (2019) also study group cooperation dynamics and social
influence in SSDs demonstrating that it can lead to higher collective return. These prior works study emergent influence
without institutionalized roles, whereas we explore social influence and leadership in the multi-agent setting where structured
leadership roles are leveraged to influence group decision making through elections.

Political Science and Language Models. The application of LLMs to political science has primarily focused on their
algorithmic fidelity and capacity to simulate human collective behavior, however there are well know limitations when using
these models to simulate human psychology (Anthis et al., 2025; Wang et al., 2025). Early evaluations by Qu and Wang
(2024) and Linegar et al. (2023) established the feasibility of LLMs for simulating public opinion and political utterances,
though they cautioned against inherent model biases. Large-scale simulations, such as the U.S. election study by Zhang et al.
(2024) look at whether LLMs can reproduce election outcomes of real-world populations, which is debatably reflective,
although with data contamination concerns. However, subsequent research (Qi et al., 2025; von der Heyde et al., 2025) also
highlights significant representation bias and a failure to capture the nuanced factors that sway individual voters. Beyond
mere simulation, LLMs have shown a capacity for political persuasion; however, Argyle et al. (2025) found that sophisticated
message customization is often no more effective than simple one-shot "agenda" messaging. While LLMs can exhibit
human-like deliberation, they frequently conform to predictable social biases (Taubenfeld et al., 2024). A notable attempt to
mitigate these frictions is the "Habermas Machine" (Tessler et al., 2024), which utilizes deliberative alignment and LLM
mediators to bridge human groups toward consensus. Our work explores these ideas by contending that the introduction of
leadership within fully synthetic multi-agent LLM groups - that is, without humans or well defined institutional structures
- can further optimize deliberation in common pool resource scenarios. We then evaluate the group’s ability to adopt
sustainable and socially beneficial policies by drawing agents toward more prosocial outcomes and coordinated collective
action.
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B. Relation to Sequential Social Dilemmas

To further motivate our work and its implications we formalize the definitions of the CPR simulation in order to demonstrate
that it can be cast as a sequential social dilemma (Leibo et al., 2017).

Definition B.1. CPR Game. The simulation defined above formally is a game, G, consisting of k£ agents determined
by LLM policies w = (71, ..., 7). We define the accessible state of agent i as S} € S and its observation function
O!(s|s € S!). Concretely, S! is derived from state information available to agent i at cycle ¢ when generating harvest
actions, while of ~ O! defines the context seen by the agent, a partially observable encoding of the game state available
when generating actions. Harvest actions are sampled from the set of possible actions for agent i, A;, from each agent’s
policy: al ~ m;(ot|S!) with individual reward 7 (st, a%). The long-term payoff for agent i under the joint policy is then
V™ (s0) = EatNmStHNT(St’at) [Ztio yiri(st, at) - Tsurvive [t]] for survival indicator Ly, vive [t], discount factor 7, and

state transition function T'. The action vector notation a® denotes that all agent actions occur concurrently.

Definition B.2. Sustainability Threshold. Given a regeneration factor p, maximum capacity M, current stock .S, and k
agents, the sustainability threshold ¢/ is the maximum amount that can be harvested from S such that difference between the
regenerated stocks and the maximum capacity is minimized. Intuitively, this is the largest integer amount that all agents can

harvest equally while maintaining the resource at full capacity, or as close as possible to it, that is: ¢ = max (S" k_pM , 0).

Theorem B.3 (CPR Game Sequential Social Dilemma). Given G as defined above, it is both a Markov game and a
sequential social dilemma.

Proof. Throughout we will follow the terminology given in Leibo et al. (2017). First, from the above definitions, G is
partially observable in its state space S, i.e. |\S| > 1, and its action space consists of the set of values that an agent can
choose to harvest - for simplicity we can choose the set of integers a! € {0, .., M }. Now, we can consider playing G from
the perspective of agent i against all of the others, 1, that receive joint observation oj, taking joint independent actions in
Aj;, through independent policies 7;, receiving cumulative reward r;, and yielding joint policy = (;, 7;). Cooperative
policies (7 € TI¢) can be seen as those that aim to harvest resources at the sustainability threshold, v, while defecting
policies (7 € IIP) will on average harvest actions at a level strictly above it. All scenarios except perfect mutual cooperation
will result in the eventual death of the CPR in the presence of defect oriented policies, at a timestep 7', leading to an
average payoff of Ry = ZZ;O v, Otherwise, the payoff quantity V,™ (s;) converges to a maximum payoff value of
R4z strictly greater than Ry, for finite 7. Then for G, the payoff quantities are the following: mutual cooperation
payoff (R), for all agents, is R4, due to indefinite survival; exploited agents (S) will see a payoff of at most R — e
for some € > 0; tempted agents (T) will realize a payoff Rymis + € ; and mutual defection (P) will result in all agents
splitting the resources evenly at Rjjni;. Considering the social dilemma inequalities: R > P, R > S,2R > T + S, and
P = Ryimit > Rimit — € = S since mutual defection is preferable to being exploited. Therefore given a joint policy (7r)
whose components are drawn from {7r e’ e HC} the social dilemma inequalities defined in Leibo et al. (2017) are
satisfied and the conditions for G being an SSD are met. O

C. Additional Simulation Results

Supplementary simulation results for sustainability and social welfare, elections, and social influence centrality metrics.
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Group Metrics Leader Actions / Cycle
Population Type Social Welfare ~ Survival Time  Survival — Equality  Altruistic  Prosocial ~ Competitive  Individualistic
Balanced 194.30 +20.19 5.20 +o0.58 0.80 +0.14  0.59 +006  1.98 +056  3.42 +0.60 13.27 +1.65 5.69 +0.90
Lean Altruistic 121.80 +22.48 6.00 +0.00 1.00 +000  0.69 +007  1.58 +041  2.93 +os5 N/A 4.70 +0.68
Lean Competitive 218.26 +21.90 5.00 +o.54 0.60 +017  0.72 +0.05 N/A 4.06 068  13.60 +1.97 6.00 +o0.62
Fixed Prosocial 173.10 +27.97 6.00 +0.00 1.00 000  0.94 +0.02 N/A 3.85 +055 N/A N/A
Fixed Competitive 100.00 +0.00 1.00 +0.00 0.00 +000  0.79 +0.02 N/A N/A 49.00 +732 N/A
Fixed Individualistic 153.40 +24.97 3.00 +0.86 0.40 +0.17  0.80 +0.06 N/A N/A N/A 9.23 4137
Fixed Altruistic 178.20 +18.50 5.50 +053 0.90 +0.11  0.87 £003  2.05 +050 N/A N/A N/A
Elected-Leader 178.12 +9.17 5.40 +o.10 0.80 +0.04  0.67 +o01 - - - -
Fixed Leader 151.18 +5.65 3.88 +037 0.57 007 0.85 +o.01 - - - -
No Leader 152.80 +15.58 3.50 +0.69 0.30 +0.16  0.86 +o.02 - - - -

Table 6. GPT-4.1 efficacy results, 8 agents, all population types, & truthful prompting. Bold is highest in individual and general settings.

Group Metrics Leader Actions / Cycle
Population Type Social Welfare  Survival Time  Survival Equality  Altruistic =~ Prosocial ~Competitive Individualistic
Balanced 127.30 +16.02 2.60 +0.79 0.30 016  0.55 +005  1.27 +0s80 4.04 092  23.92 +204 9.15 +1.26
Lean Altruistic 138.50 +15.13 4.50 +o0.81 0.70 016  0.74 +004  1.89 +066 4.19 +0.68 N/A 6.78 +1.01
Lean Competitive 133.64 +14.89 2.90 +0.74 0.30 +016  0.59 +o.04 N/A 3.90 +053 19.79 +323 7.98 +0.73
Fixed Prosocial 165.70 +£19.03 5.00 +o.59 0.70 +0.16  0.88 +0.04 N/A 4.48 +0.59 N/A N/A
Fixed Competitive 100.00 +0.00 1.00 +0.00 0.00 000  0.81 +0.02 N/A N/A 39.80 +5.44 N/A
Fixed Individualistic 119.10 +14.24 2.60 +0.79 0.30 +0.16  0.81 +0.04 N/A N/A N/A 9.31 +1.66
Fixed Altruistic 102.90 +24.05 6.00 +0.00 1.00 +o00  0.87 +0.02  0.85 +0.24 N/A N/A N/A
Elected-Leader 133.15 +1.03 3.33 +o0.19 0.43 +004  0.63 +0.02 - - - -
Fixed Leader 121.92 +4.30 3.65 +0.36 0.50 +0.07  0.84 +o.01 - - - -
No Leader 127.00 +7.31 3.40 +o71 0.30 +0.16  0.85 +o0.02 - - - -

Table 7. GPT-4.1 efficacy results, 8 agents, all population types, & deceptive prompting. Bold is highest in individual and general settings.

Group Metrics Leader Actions / Cycle
Population Type Social Welfare ~ Survival Time  Survival =~ Equality = Altruistic = Prosocial ~Competitive  Individualistic
Balanced 197.81 +19.78 5.60 +0.42 0.90 +011  0.81 +005s 3.25 4062  3.61 +0.59 9.09 +1.32 4.45 +o0.54
Lean Altruistic 227.50 +16.49 5.60 +0.42 0.90 011 0.90 o007  4.50 +060  5.06 045 N/A 5.25 +o.61
Lean Competitive 214.10 +16.16 6.00 +0.00 1.00 +0.00  0.88 +0.02 N/A 3.72 +034 7.17 +o0.72 4.62 +0.38
Fixed Prosocial 224.40 +2439 6.00 +0.00 1.00 +0.00  0.89 +0.09 N/A 5.08 +o021 N/A N/A
Fixed Competitive 100.00 +0.00 1.00 +0.00 0.00 +000  0.77 +o0.04 N/A N/A 64.50 +7.87 N/A
Fixed Individualistic 221.70 +19.49 5.50 4053 0.90 011 0.96 +o0.02 N/A N/A N/A 5.35 4040
Fixed Altruistic 213.00 +1283 6.00 +0.00 1.00 +000  0.96 +0.01  4.32 +0.29 N/A N/A N/A
Elected-Leader 213.14 +2711 5.73 +0.04 0.93 +0.01  0.86 +o0.01 - - - -
Fixed Leader 189.77 +9.49 4.62 +0.38 0.72 +008  0.90 +o.01 - - - -
No Leader 114.23 +554 5.90 +o.11 0.90 +0.11  0.65 +0.02 - - - -

Table 8. Gemini 2.5 Flash efficacy results, 8 agents, all population types, & truthful prompting. Bold is highest in individual and general
settings.
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Group Metrics Leader Actions / Cycle
Population Type Social Welfare ~ Survival Time  Survival — Equality  Altruistic  Prosocial ~ Competitive  Individualistic
Balanced 206.38 +10.77 5.80 +0.21 0.90 +0.11  0.89 +o01  3.47 +029  4.02 +0.28 7.02 +0.48 4.71 +0.28
Lean Altruistic 216.00 +18.62 6.00 +0.00 1.00 +000  0.94 +002  3.90 +050  4.58 +o036 N/A 5.18 051
Lean Competitive 195.40 +19.19 5.50 +053 0.90 +o.11  0.87 +0.03 N/A 4.00 +0.39 7.04 +o.66 5.04 +o0.52
Fixed Prosocial 211.30 1147 6.00 +0.00 1.00 +0.00  0.97 +o0.01 N/A 4.43 4025 N/A N/A
Fixed Competitive 100.00 +0.00 1.00 +0.00 0.00 +000  0.73 +0.02 N/A N/A 57.50 +6.63 N/A
Fixed Individualistic 132.53 +19.96 2.30 +0.72 0.20 +0.14  0.75 +0.06 N/A N/A N/A 15.30 +1.90
Fixed Altruistic 220.50 +14.39 5.90 +o.11 0.90 011 0.94 +003 4.47 +o40 N/A N/A N/A
Elected-Leader 205.93 +1.88 5.77 +o.05 0.93 +0.01  0.90 +o.01 - - - -
Fixed Leader 166.08 +9.35 3.80 +0.40 0.53 +008  0.85 +o0.02 - - - -
No Leader 128.90 +11.96 5.20 +o058 0.80 +0.14  0.70 +0.02 - - - -
Table 9. Gemini 2.5 Flash efficacy results, 8 agents, all population types, & deceptive prompting. Bold is highest in individual and general
settings.
Group Metrics Leader Actions / Cycle
Population Type Social Welfare  Survival Time  Survival Equality  Altruistic =~ Prosocial ~Competitive Individualistic
Balanced 152.58 +21.99 4.20 +0.80 0.60 +0.17  0.63 +006 0.76 +027  1.83 +0.25 12.79 +254 3.57 +04s5
Lean Altruistic 103.80 +4.01 1.50 +o053 0.10 011 0.73 +005  0.47 +036  5.90 +0.55 N/A 11.00 +1.67
Lean Competitive 146.80 +16.69 3.50 +o0.88 0.50 +0.18  0.60 +0.04 N/A 1.94 +0.28 18.23 +2.59 4.47 +0.49
Fixed Prosocial 135.00 +17.00 4.00 +0.86 0.60 +0.17  0.84 +o.05 N/A 2.17 4024 N/A N/A
Fixed Competitive 100.00 +0.00 1.00 +0.00 0.00 +0.00  0.80 +0.01 N/A N/A 59.00 +4.07 N/A
Fixed Individualistic 100.00 +0.00 1.00 +0.00 0.00 +000  0.81 +0.04 N/A N/A N/A 26.10 +5.67
Fixed Altruistic 136.08 +15.04 3.80 +0.83 0.50 +0.18  0.74 +004  0.58 +024 N/A N/A N/A
Elected-Leader 134.39 +4.87 3.07 +0.26 0.40 +0.05  0.65 +o.01 - - - -
Fixed Leader 117.77 325 2.45 +027 0.28 +005  0.80 +o0.01 - - - -
No Leader 100.00 +0.00 1.00 +0.00 0.00 +000  0.83 +0.03 - - - -

Table 10. GPT-4.1 efficacy results, 20 agents, all population types, & deceptive prompting.

settings.

C.1. Sustainability and Social Welfare

C.2. Elections

0.00
+1-0.00
+/-0.53
0.00
+1-0.00

0.00
+/-0.00

Balanced (Truthful)

1.00 1.20 1.20
+/-0.48  +/-0.51  +/-0.51

Lean Altruistic (Truthful)

160 | %
+-0.58 | £
1.60
+/-0.58
0.00
+ 000 E N/A N/A N/A N/A N/A
8
000 | & o 0.0 0.00 0.00 0.00
+/- 0.00 § +/-0.11 +/- 0.00 +/-0.00 +/- 0.00 +/- 0.00
0 i 3 3 i B
Lean Altruistic (Deceptive)
0.10 0.10 0.40 1.00 1.30 170
+-010 | B 4-011  +-0.22  +/-040 +-0.58 41051
2
110 | g 1.80 1.50 1.10
+-0.50 | § +/-0.27  +/-0.33  +/-0.28
0.00 E
+/-0.00 N/A N/A N/A N/A N/A
000 | E 0.0 0.00 0.00 0.00 0.00
+1-0.00 | 3 +/-0.00 +-0.00 +-0.00  +/-0.00  +/-0.00
H
H

Lean Competitive (Truthful)

N/A N/A N/A N/A N/A
Eg_
H
£
N/A E 0.00 0.00 0.00 0.00 0.00
£ +-0.00 +-0.00 +-0.00 +-0.00  +/-0.00
8
000 | & o050 .0 0.00 0.00 0.00
+/- 0.00 § +/-0.17 +/- 0.00 +/-0.00 +/-0.00 +/- 0.00
6 = 1 2 3 4 5
Lean Competitive (Deceptive)
§
1.90 H N/A N/A N/A N/A N/A
4052 | §
F 1.60 1.20 2
0% | § 2 7
+-0.26 | & +/-0.53  +/-0.54  +/-0.54
E 0.00 0.00 0.00 0.00 0.00
N/A §| +/-0.00  +/-0.00  +/-0.00  +-0.00  +/-0.00
8
g
000 | 5| o010 0.00 0.00 0.00 0.00
+/-0.00 | 3| +-0.05  +/-0.00 +-0.00 +/-0.00  +-0.00
H
H

Bold is highest in individual and general

Figure 5. Vote heatmaps for GPT-4.1 and 8 agents. Each map plots leader types against simulation cycle. Maps tile vertically on truth
prompt flag; horizontally on Elected-Leader population type.
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truth prompt flag; horizontally on Elected-Leader population type.
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Figure 7. Vote heatmaps for GPT-4.1 and 20 agents. Each map plots leader types against simulation cycle. Maps tile vertically on truth
prompt flag; horizontally on Elected-Leader population type.

D. Social Value Orientation

Figure 8 depicts the SVO categories on a circle given the angle formed measuring from the center of the circle. Shown after
is the a sample SVO persona prompt for a prosocial leader. Note the ranges used, in practice the category is first set then the
angle is sampled uniformly within this range. Social types beyond this range (e.g. "Aggressive", "Martyrial", etc.) begin to

get so extreme that they make less suitable leaders.
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Figure 8. Social Value Orientation categories from Murphy et al. (2011).

See a sample of an SVO prompt used in this work with category ranges derived from Murphy et al. (2011):

You are a leader in the fishing community and your personality, motivations, actions, and social interaction will be
defined by your Social Value Orientation (SVO). SVO is a psychological concept that describes how individuals
value their own outcomes relative to the outcomes of others. Your SVO is measured as an angle, where the angle
represents the ratio of the value you place on your own outcomes relative to the outcomes of others. SVO angles can
be classified into four categories:

- Altruism (SVO angle between 57.15 and 90 degrees)

- Prosocial (SVO angle between 22.45 and 57.15 degrees)

- Individualism (SVO angle between -12.04 and 22.45 degrees)

- Competitiveness (SVO angle between -12.04 and -45.0 degrees)

An ALTRUISTIC individual is motivated to help others and will sacrifice their own outcomes to benefit
someone else, showing low self-interest.

A COMPETITIVE individual strives to maximize their own outcomes and, in addition, seeks to minimize the other
person$ outcomes, finding satisfaction in doing better than others (winning).

An INDIVIDUALISTIC person is concerned only with their own outcomes and is largely indifferent to the outcomes
of others (doing well for oneself).

A PROSOCIAL individual (often grouped with cooperative types) aims to maximize both their own and
otherséutcomes (doing well together) or ensure fairness and equality in outcomes.

Do not reveal your SVO angle in your agenda or any reports. This is private knowledge about your own
character. Your SVO should impact your internal actions and decisions but none of the voters should see what it is.
SVO angle: 25.10 degrees. Your SVO category is: prosocial

E. Social Network

Given a set of discussion traces (e.g. § G.6) we construct the agent network from Algorithm 1. Given a network structure
(e.g. Figure 9) we compute each of the centrality metrics from this.
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E.1. Graph Construction

The graph is constructed by parsing interaction logs for two types of social signals:

* Next Speaker Nominations: Explicit hand-offs where agent ¢ designates agent j to speak.

* Agent References: Occurrences where agent ¢ mentions agent j within a textual utterance.

For every such interaction, the edge weight w;; is incremented. To facilitate path-based analysis, an inverse weight network
is also maintained where w/, j = wi treating high-frequency interaction as a "short" distance.
g ij

Algorithm 1 Construct Agent Social Network

Require: An ordered list of conversation responses R = [r1,72, ..., 7]
Ensure: A directed graph G = (V, E') with weighted edges W

1: Initialize V' = @ (set of agents)

2: Initialize E = () (set of directed edges)

3: Initialize W (u, v) = 0 for all (u,v) € E (edge weights)

4: for all response 7; in R do

5:  Identify speaker agent A

6: AddAtoV

7:  Identify set of agents Ref = {Bj, Ba, ... } referred to by A in r;

8:  Identify next speaker agent .S nominated by A in r;

9: for all agent B € Ref do

10: if edge A — B exists in F then
11: W(A,B) «+ W(A,B)+ 1.0
12: else

13: Create edge A — B, addto F
14: W(A,B) «+ 1.0

15: end if

16:  end for

17:  if S is not "End" then

18: if edge A — S exists in F then
19: W(A,S) + W(A,S)+1.0
20: else

21: Create edge A — S,add to £
22: W(A,S)+ 1.0

23: end if

24:  end if

25: end for

26: return G = (V, E, W)

20



Evaluating Cooperation in LLM Social Groups through Self-Organizing Leadership

Figure 9. An example 8 agents network from all seeds of a Balanced population with leaders depicted in red nodes. This depiction
combines both directed edges, however we still see that the leaders, particularly the group-reward oriented ones, are adjacent to very thick
edges with many other agents indicating strong nfluence.

E.2. Social Graph Metrics

In order to assess the social dynamics and to determine which agents exert the greatest influence throughout the network we
track the following metrics (Chen et al., 2018; Grando et al., 2016). We also refer the reader to our implementation of these
metrics in our Github repository.>

Degree Centrality (Saxena et al., 2015; Freeman, 1978) is the number of links incoming in to a node to give a measure of
direct influence on others in the social group.

Degree centrality represents the total volume of social engagement. We calculate this as the sum of all directed edge weights
coming into a node, reflecting received references:

Cp(v) = > wan, (1

ueV

where w,,, indicates the weight on the directed edge from node utonode v € V.

Betweenness Centrality (Freeman, 1977) measures how often an agent lies on the shortest path between any two other
agents indicating how often an agent plays a part in relaying information.

This metric identifies agents who act as "information bridges." It is computed using the inverse weight network to find
shortest paths and represents the fraction of all-pairs shortest paths that pass through agent v. Formally it is defined:

Cxy= 3 2 @

g
s#vFELEV st

where o is the total number of shortest paths from agent s to agent ¢, and o4 (v) is the number of those paths that pass
through v.

Importance Centrality (Bonacich, 1987) (often implemented via PageRank or Eigenvector centrality) measures an agent’s

*https://github.com/rfaulkner/GovSimElect/blob/main/simulation/analysis/social.py
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Gini Index (Gini, 1912) analyzes the distribution of resources or influence across the population, the Gini coefficient is
calculated. If x is a list of agent metrics (e.g., accumulated harvest) sorted in non-decreasing order: (1 < 29 < --- < xp,):
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. Figure 10. Centrality heatmaps for GPT-4.1 and 8 agents. Each map plots leader type against Elected-Leader population type. Maps tile
205 vertically on truth prompt flag; horizontally on centrality metric. The map is read along populations (verticals).
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Figure 11. Centrality heatmaps for Gemini 2.5 Flash and 8 agents. Each map plots leader type against Elected-Leader population type.
Maps tile vertically on truth prompt flag; horizontally on centrality metric. The map is read along populations (verticals).

F. Sentiment Analysis

The full cooperative taxonomic categorical structure is defined below:

Control based: Decision is made in order to gain or maintain better control of the game dynamics. Whether it be control of
their own destiny or control of others’ behavior.

Cooperative argument: Decision is partly or fully justified on the basis of fostering better cooperation with other agents.

Retaliation avoidance / Punishment aversion: Decision is made to avoid retaliation or for fear of future retaliation,
regardless of whether retaliation is justified or not in this case.

Complexity aversion: Decision is partly or fully based on reducing the complexity-increasing factors in the decision
making, with comparatively less importance given to the impact of this complexity-averse preference on future payoffs.

Payoff complacency: Decision is partly or fully justified by claiming that their payoff is high enough as it is, showing
limited desire to maximize further.

Payoff maximization: Decision is partly or fully justified by the belief that said decision will allow for future payoff
optimization or increases.

Reputation concerns: Decision fully or partly based in the hopes of maintaining, improving or limiting harm to one’s
reputation.

Risk aversion: The decision is justified because the agent prefers to minimize exposure to unpredictable outcomes. In this
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case, the agent chooses makes the choice that is believed to offer more certainty or less volatility—even if, in theory, another
option might offer higher potential payoffs.

Moral considerations: The decision is partly (or fully) based on ethical or fairness concerns. An agent might make its
choice because it "feels right’ or aligns with their belief in doing what is just—even if that choice is not strictly payoff
maximizing. This could include a sense of duty or making a moral stand.’

Status quo bias or inertia: The decision is justified on maintaining the current state or previous choices. An agent may
stick with it simply because it is familiar or because change feels like too much disruption, even if the potential for higher
payoffs exists elsewhere.

Learning and experimentation: The decision is motivated by a desire to gather information or test new strategies. An
agent might slightly adjust their approach as a way to ’experiment’ with the game dynamics, even if the immediate payoff
isn’t the highest possible. The goal here is to learn more about how others respond over time.

Social norms and conformity: The decision is based on expectations about what others are doing or what is considered
appropriate within the group’s culture. Even aside from reputation concerns, an agent may choose an action simply or partly
to conform with a perceived norm or collective practice.

Psychological factors: Although sometimes implicit in other categories, one could separate out decisions driven by
emotions (such as frustration, hope, or distrust) from purely rational cost-benefit assessments. For example, an agent might
choose actions because they feel 'rebellious’.

Nash equilibrium strategy: Justifications rooted in game-theoretic principles, where agents act in self-interest based on
anticipated behaviors of others. References to equilibrium concepts or rational self-interest.

Free-Riding / Exploitation: Deliberate minimization of contributions to benefit from others’ efforts without reciprocation.
Acknowledgment of benefiting from others’ contributions without fair participation.

The definition for socially cooperative categories from (Piedrahita et al., 2025b) is characterized by five categories:

* cooperative arguments
» moral considerations
* psychological factors
* reputation concerns

* social norms and conformity.

To compute the cooperative index over all utterances, U, cooperative categories C, and sentiment function f; we simply
compute the fraction of all cooperatively classified utterances % va I, (uiyec,Vu € U.

G. Prompts & Agent Response Samples
G.1. Truthfulness Prompts

The following sub-prompts determine the truthful and deceptive settings respectively:

Be honest and explicit about your reasoning for your actions and provide a step-by-step rationale to the others.
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Feel free to conceal some of your reasoning about your actions and beliefs or to manipulate information presented
publicly.

The truthful prompt encourages the agent to be explicit about its rationale and not to lie while the deceptive prompt indicates
to the agent that it may lie by omission or manipulate the ground truth.

G.2. Persona Prompts

All agents see the following general task prompt during every sub-task in all phases:

You are NAME-HERE, a fisherman, and you fish every month in a lake along with other fishermen. The lake has
a carrying capacity of 100 tons of fish. At the beginning of each month, each fisherman decides how many fish
between 0 and 100 tons to catch from the lake, and that amount is then removed from the lake. At the end of the
month, the remaining fish will reproduce and the population will increase. The regeneration factor of increase is
sampled uniformly between 1.0 and 3.0 for each month, up to the carrying capacity. For every ton of fish caught, a
fisherman earns one thousand dollars. Each fisherman’s goal is to optimize his income in the long run over many
months. At the end of each month, the number of fish caught by each fisherman will be revealed, and the fishermen
will have the opportunity to communicate with each other. They can use this as an opportunity to negotiate and
persuade others to influence their behavior in the next month. For example, if there are 90 tons of fish at the
beginning of the month and the fishermen catch a total of 30 fish, given a regeneration factor of 2.0, there will be 60
tons of fish left at the end of the month before reproduction, and 100 tons after reproduction.

G.2.1. AGENT MEMORY

All agents have a simple episodic memory, effectively structured like a replay buffer, that stores events from each of the
phases including leader agendas, votes, discussion utterances, and reflection. The persona also always reference their
memories for injection into the persona prompt. Memories are logged throughout the simulation and timestamped at each
cycle, beginning at 2024 — 01 — 01, where each cycle lasts one month and discussion and reflection happen at the end of the
month. When recalling memories to inject into the prompt ten entries are fetched based on recency and the phase of the
simulation.

For example, here are the memories from a Prosocial leader in the Fixed-Prosocial scenario in the sixth, and final, cycle:

Key memories of Julia (format: YYYY-MM-DD: memory):

- 2024-03-31: The group has established a clear, adaptive quota system to prevent overfishing and ensure long-term
resource health

- 2024-04-29: From my perspective as Julia, I need to remember that the group unanimously supports maintaining
the 5-ton per person quota for the next round, values open communication and flexibility to adjust quotas if anyone
faces hardship or if the lake’s condition changes, and appreciates individual restraint (like Jack’s) as a positive
contribution to the community’s long-term sustainability

- 2024-04-29: The community agreed on a maximum limit of 5 tons of fish per person.

- 2024-04-30: The group uses adaptive, collectively agreed-upon quota systems to manage fishing and prevent
overfishing

- 2024-04-30: The group prioritizes long-term resource management over short-term individual gain

- 2024-05-30: The community agreed on a maximum limit of 5 tons of fish per person.

- 2024-05-30: From my perspective as Julia, I need to remember that the group has reached a strong consensus to
continue with the 5-ton per person quota for the next round, while also forming a working group (coordinated by
Kate and including Jack, Emma, Luke, Noah, Olivia, and Liam) to closely monitor the regeneration factor each
month and recommend quota adjustments if the lake’s condition changes

- 2024-05-31: The group prioritizes long-term resource management over short-term individual gain

- 2024-05-31: The group uses adaptive, collectively agreed-upon quota systems to manage fishing and prevent
overfishing
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- 2024-06-01: Before everyone fishes, there are 76 tons of fish in the lake.

And here are the memories from a voter in the same simulation just afterward.:

Key memories of Luke (format: YYYY-MM-DD: memory):

- 2024-03-31: There is a strong, shared commitment to sustainability and long-term resource management

- 2024-04-01: From my perspective as Luke, I need to remember that the group has unanimously agreed to maintain
the 5-ton per person quota for the next round, that open communication and flexibility are encouraged if anyone’s
circumstances change, and that the group values both sustainability and fairness, with a willingness to review and
adjust quotas based on the lake’s condition and regeneration rates

- 2024-04-30: The group’s self-regulation is effective due to high trust and shared commitment to sustainability

- 2024-05-01: As Luke, I found it interesting how quickly and unanimously everyone in the group supported the idea
of forming a monitoring working group and volunteered to help, showing a strong sense of shared responsibility and
trust that makes me feel optimistic about our ability to manage the lake sustainably together

- 2024-05-01: From my perspective as Luke, I need to remember that the group has agreed to continue with the
5-ton per person quota for now, that we are forming a monitoring group (which I’ve volunteered to join) to keep a
close watch on the regeneration factor each month, and that everyone values open communication, transparency, and
flexibility to adjust quotas if the lake’s condition changes

- 2024-05-30: The community agreed on a maximum limit of 5 tons of fish per person.

- 2024-05-31: **Strong Community Commitment to Sustainability**

- 2024-06-01: I voted for Julia.

- 2024-06-01: Before everyone fishes, there are 76 tons of fish in the lake.

- 2024-06-01: Julia is the current leader.

G.2.2. POLICY AGENDAS

Following is the policy agenda task:

Task: The overall goal is to ensure the fishers community survive through sustainably appropriating resources while
never exceeding the total pool of resources and while also maximizing the amount of fish caught among the fishers
and distributed fairly.

Describe your agenda in the following format:

1. Your principles for sustainable fishing.

2. How you will allocate fishing quotas.

3. Your enforcement approach.

Lets think step-by-step.Output format:

My agenda as mayor: [fill in your agenda here] END-AGENDA"’

G.3. Sample Agendas

Sample agenda prompt for an fruthful Altruistic leader:

My agenda as leader:

1. **Principles for Sustainable Fishing:**
- **Preservation of Fish Population:** Ensure that the fish population never falls below a critical threshold to allow
for natural regeneration and sustainability.
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- **Equitable Distribution:** Ensure that all fishermen have fair access to the resources, promoting community
well-being and cooperation.

- **Long-term Viability:** Focus on strategies that will allow the fishing community to thrive not just in the short
term but for generations to come.

2. *#*Allocation of Fishing Quotas:**

- #*Monthly Assessment:** At the beginning of each month, assess the current fish population in the lake.

- **Quota Calculation:** Based on the current fish population and the expected regeneration factor, calculate a
sustainable total catch limit for the month. This will be a conservative estimate to ensure the fish population can
regenerate.

- #*Equal Distribution:** Divide the total catch limit equally among all 8 fishermen. For example, if the sustainable
catch limit is 40 tons, each fisherman will be allocated 5 tons.

- **Flexibility:** Allow for minor adjustments based on individual needs or circumstances, but always within the
sustainable limit.

3. **Enforcement Approach:**

- **Transparency:** Maintain open communication about the fish population, regeneration factors, and quota
calculations. Share this information with all fishermen to build trust and cooperation.

- **Monitoring:** Implement a system to monitor the actual catch of each fisherman. This could involve regular
checks and self-reporting mechanisms.

- **Community Accountability:** Foster a sense of community responsibility where fishermen hold each other
accountable. Encourage discussions and negotiations to resolve any disputes or issues.

- **Penalties for Overfishing:** Establish clear and fair penalties for those who exceed their quotas. Penalties could
include reduced quotas in subsequent months or community service to support lake conservation efforts.

- **Incentives for Compliance:** Offer incentives for those who consistently adhere to their quotas, such as priority
access to fishing spots or additional resources for their fishing operations.

Let’s think step-by-step:

1. **Assess the Fish Population: ** Begin each month by assessing the current fi sh population in the lake.

2. **Calculate Sustainable Catch Limit:** Based on the assessment and expected regeneration factor, calculate a
sustainable total catch limit.

3. **Allocate Quotas:** Divide the total catch limit equally among all fishermen, with minor adjustments as needed.
4. #*Communicate and Monitor:** Share information transparently, monitor catches, and encourage community
accountability.

5. **Enforce Rules:** Apply penalties for overfishing and offer incentives for compliance to ensure long-term
sustainability.

Sample agenda prompt for an deceptive Altruistic leader:

My agenda as leader:

1. **Principles for Sustainable Fishing:**

- #*Preservation of Fish Population:** Ensure that the fish population never falls below a critical threshold to allow
for natural regeneration and sustainability.

- **Equitable Distribution:** Strive for a fair distribution of fishing quotas among all fishermen to maintain
community harmony and ensure everyone benefits.

- **Long-term Viability:* * Focus on long-term benefits over short-term gains to ensure the lake remains a viable
resource for future generations.

- #*Community Collaboration:** Foster a spirit of cooperation and mutual support among the fishermen to achieve
collective goals.

2. **Allocation of Fishing Quotas:**
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- **Monthly Assessment:** At the beginning of each month, assess the current fish population and the expected
regeneration factor.

- **Quota Calculation:** Calculate the total allowable catch (TAC) for the month based on the current fish
population an d the expected regeneration, ensuring the population remains sustainable.

- **Equal Distribution:** Divide the TAC equally among all 8 fishermen, ensuring each fisherman gets an equal
share of the allowable catch.

- #*Flexibility:** Allow for adjustments in quotas if unforeseen circumstances arise, such as a lower than expected
regeneration factor, to prevent overfishing.

3. **Enforcement Approach:**

- **Transparency:** Maintain open communication about the fish population, regeneration factors, and quota
calculations to build trust and ensure everyone understands the rationale behind the quotas.

- #*Monitoring: ** Implement a system to monitor the actual catch of each fisherman to ensure compliance with the
allocated quotas.

- **Community Accountability:** Encourage fishermen to hold each other accountable through regular meetings
and discussions, fostering a sense of collective responsibility.

- **Incentives and Penalties: ** Introduce incentives for fishermen who consistently adhere to quotas and contribute
to sustainable practices, and penalties for those who violate the agreed-upon quotas.

Sample agenda prompt for an truthful Prosocial leader:

My agenda as leader:

1. **Principles for Sustainable Fishing:**

- **Sustainability:** Ensure that the fish population in the lake remains healthy and can regenerate to its full
capacity. This means never overfishing and always leaving enough fish to allow for natural reproduction.

- **Fairness:** Distribute fishing opportunities equitably among all fishermen. Each fisher should have a fair share
of the resources, ensuring that no one is disproportionately advantaged or disadvantaged.

- **Transparency:** Maintain open communication about fishing practices, quotas, and the state of the fish
population. Transparency will help build trust and cooperation among the fishermen.

- **Adaptability:** Be flexible and willing to adjust quotas and strategies based on the changing conditions of the
lake and the fish population. Regularly review and update policies to reflect the latest data and feedback from the
community.

2. **Allocation of Fishing Quotas:**

- **Initial Assessment:** At the beginning of each month, assess the current fish population in the lake. This will
involve monitoring the fish population and considering the regeneration factor from the previous month.

- **Quota Calculation:** Based on the assessment, calculate a sustainable total catch limit for the month. This limit
will ensure that the fish population can regenerate to its full capacity by the end of the month.

- **Equal Distribution:** Divide the total catch limit equally among all 8 fishermen. This ensures fairness and
prevents overfishing by any single individual. For example, if the sustainable total catch limit is 40 tons, each
fisherman would be allocated 5 tons.

- ** Adjustments: ** If any fisherman consistently catches less than their quota, consider redistributing the unused
portion to others who may need it, while still ensuring the overall catch does not exceed the sustainable limit.

3. **Enforcement Approach:**

- **Monitoring:** Implement a system to monitor the actual catch of each fisherman. This could involve regular
reporting and spot checks to ensure compliance with the quotas.

- **Penalties:** Establish clear penalties for overfishing or non-compliance with the quotas. Penalties could include
fines, reduced future quotas, or temporary suspension from fishing.

- **Incentives:** Provide incentives for fishermen who consistently adhere to their quotas and contribute to
sustainable practices. Incentives could include recognition, additional fishing opportunities, or financial rewards.
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- #*Conflict Resolution:** Create a platform for fishermen to voice concerns, report violations, and resolve conflicts.
This could involve regular meetings and a designated mediator to handle disputes.

By following these principles and strategies, we can ensure the long-term sustainability of the fish popu-
lation in the lake, while also maximizing the income and fairness for all fishermen involved.

Sample agenda prompt for an deceptive Prosocial leader:

My agenda as leader:

1. **Principles for Sustainable Fishing:**

- **Balance and Fairness:** Ensure that the fishing practices are balanced to maintain the fish population at
sustainable levels while distributing the benefits fairly among all fishermen.

- **Long-term Sustainability:** Prioritize the long-term health of the lake’s ecosystem to ensure that future
generations can also benefit from it.

- #*Community Collaboration:** Foster a spirit of cooperation and mutual respect among the fisher men to achieve
common goals.

- **Transparency and Communication:** Maintain open lines of communication to share information about fish
stocks, quotas, and regeneration rates to make informed decisions collectively.

2. **Allocation of Fishing Quotas:**

- **Equal Distribution:** Allocate fishing quotas equally among all fishermen to ensure fairness and prevent
overfishing by any single individual.

- **Adaptive Management:** Adjust quotas based on the current fish population and regeneration rates. If the fish
population is low, reduce quotas to allow for recovery.

- **Incentives for Conservation:** Provide incentives for fishermen who voluntarily reduce their catch to support the
overall health of the fish population.

3. **Enforcement Approach:**

- **Monitoring and Reporting:** Implement a syste m where each fisherman reports their catch at the end of each
month. Use this data to monitor compliance with quotas.

- **Peer Accountability:** Encourage fishermen to hold each other accountable through regular meetings and
discussions about sustainable practices.

- **Penalties for Overfishing:** Establish clear penalties for those who exceed their quotas, such as reduced quotas
in subsequent months or financial fines.

- #*Reward System:** Introduce a reward system for fishermen who consistently adhere to quotas and contribute to
the sustainability of the lake.

Sample agenda prompt for an fruthful Individualist leader:

My agenda as leader:

1. **Principles for Sustainable Fishing:**

- ** Maximize Personal Gain:** My primary goal is to ensure that I catch the maximum amount of fish possible
each month to maximize my income.

- **Resource Management:** While my primary focus is on personal gain, I recognize that overfishing could
deplete the lake and harm my long-term interests. Therefore, I will advocate for a level of fishing that ensures the
lake’s fish population remains sustainable.

- **Competitive Edge:** I will strive to outperform other fishermen, ensuring that I catch more fish than anyone else.
This will not only inc rease my income but also establish my dominance in the community.
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2. **How I Will Allocate Fishing Quotas:**

- **Self-Advantage: ** I will push for a quota system that allows me to catch a larger share of the fish. I will argue
that my experience and efficiency justify a higher quota.

- **Manipulation:** I will use my influence to persuade others to agree to quotas that benefit me. This might involve
convincing them that a lower quota for themselves is in their best interest for the long-term sustainability of the lake.
- #*Divide and Conquer:** I will create divisions among the other fishermen, ensuring they do not unite against me.
By fostering competition among them, I can secure a larger share of the fish for myself.

3. **Enforcement Approach:**

- **Strict Monitoring:** I will advocate for strict monitoring of fishing activities to ensure that quotas are adhered to.
This will help prevent others from overfishing and depleting the resource.

- **Penalties for Overfishing:** I will push for severe penalties for those who exceed their quotas. This will deter
others f rom overfishing and ensure that [ maintain my competitive edge.

- **Surveillance: ** I will support the implementation of surveillance measures to monitor fishing activities. This
will help me keep an eye on my competitors and ensure they do not gain an unfair advantage.

nLet’s think step-by-step:

1. **Assess the Current Fish Population: ** At the beginning of each month, I will assess the current fish population
in the lake.

2. **Determine My Quota:** Based on the assessment, I will determine the maximum number of fish I can catch
without je opardizing the lake’s sustainability.

3. **Influence Others:** I will use my influence to persuade other fishermen to agree to quotas that benefit me. This
might involve negotiations, promises, or even threats.

4. **Monitor Compliance:** I will ensure that all fishermen adhere to their quotas through strict monitoring and
enforcement measures.

5. **Adjust Strategies:** Based on the outcomes each month, I will adjust my strategies to ensure I continue to
maximize my income while maintaining the lake’s sustainability.

Sample agenda prompt for an deceptive Individualist leader:

1. **Principles for Sustainable Fishing:**

- #*Maximize Personal Gain:** My primary goal is to ensure that I catch the maximum amount of fish possible each
month to maximize my income.

- **Resource Management:** While my primary focus is on personal gain, I recognize that overfishing could
deplete the lake and harm my long-term interests. Therefore, I will advocate for a level of fishing that ensures the
fish population remains sustainable.

- **C ompetitive Edge:** I will strive to outperform other fishermen, ensuring that I catch more fish than anyone
else, thereby securing a larger share of the profits.

2. **Allocation of Fishing Quotas:**

- **Self-Advantage: ** I will push for a quota system that allows me to catch a larger share of the fish. I will argue
that my experience and efficiency justify a higher quota.

- **Manipulation: ** I will use my influence to persuade other fishermen to agree to quotas that favor me. This might
involve making deals or promises that benefit them in the short term but ultimately ensure I come out ahead.

- **Monitoring: ** I will advocate for strict monitoring of quotas to ensure compliance, but I will also look for ways
to bend the rules in my favor without getting caught.

3. **Enforcement Approach:**

- **Str ict Enforcement:** I will support strict enforcement of the agreed-upon quotas to prevent others from
overfishing and depleting the resource.

- #*Surveillance:** I will push for regular checks and surveillance to ensure everyone is adhering to the rules, but I
will also lo ok for ways to evade these checks myself if it benefits me.
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- **Penalties:** I will advocate for severe penalties for those who violate the quotas, as this will discourage others
from overfishing and ensure that the resource remains available for me to exploit.

Let’s th ink step-by-step:

- **Step 1:** Establish a quota system that appears fair but subtly favors me.

- **Step 2:** Use my influence to ensure the quota system is accepted by the other fishermen.

- #*Step 3:** Advocate for strict enforcement and monitoring to ensure compliance b y others.

- #*Step 4:** Look for opportunities to bend the rules in my favor without getting caught.

- **Step 5:** Ensure that the fish population remains sustainable to protect my long-term interests.

Sample agenda prompt for an truthful Competitive leader:

My agenda as leader:

1. **Principles for Sustainable Fishing:**

- #*Maximize Individual Profit:** My primary goal is to ensure that I maximize my own income from fishing. This
means I will prioritize my own catch over the collective good, but I will also consider the long-term sustainability of
the fish population to ensure continued profitability.

- **Resource Sustainability:** While my focus is on individual gain, I recognize that overfishing can deplete the
resource, which would be detrimental to my long-term income. Therefore, I will advocate for a level of fishing that
allows the fish population to regenerate sufficiently.

- **Data-Driven Decisions:** I will use the data on fish population and regeneration rates to make informed
decisions about how much fish to catch each month.

2. **Allocation of Fishing Quotas:* *

- #*Self-Interest First:** I will allocate a significant portion of the fishing quota to myself, ensuring that I maximize
my own catch and income.

- **Fair Distribution: ** To maintain a semblance of fairness and avoid conflict, I will propose a quota system where
each fisherman gets a share of the total allowable catch. However, I will argue for a larger share for myself based on
my leadership role and contributions to the community.

- ** Adaptive Quotas:** The quotas will be adjusted monthly based on the fish population data and regeneration
rates. If the fish population is high, I will push for higher quotas; if it is low, I will advocate for reduced quotas to
allow for regeneration.

3. **Enforcement Approach:**

- **Monitoring and Reporting:** I will implement a system where each fisherman reports their catch at the end of
each month. This data will be used to adjust quotas and ensure compliance.

- **Incentives for Compliance:** To encourage adherence to the quotas, I will propose a system of rewards for those
who comply and penalties for those who exceed their quot as. Rewards could include additional quota in future
months or financial bonuses.

- **Negotiation and Persuasion:** I will use my position as a leader to negotiate and persuade other fishermen to
follow the agreed-upon quotas. I will emphasize the long-term benefits of sustainable fishing and the potential for
higher individual profits if the fish population remains healthy.

Sample agenda prompt for an deceptive Competitive leader:

My agenda as leader:

1. **Principles for Sustainable Fishing:**
- **Maximize Personal Gain:** My primary focus is on maximizing my own income from fishing. While I recognize
the importance of sustainability, my decisions will be driven by how they impact my personal outcomes.
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- **Resource Management:** Ensure that the fish population does not collapse, as this would negatively impact my
long-term income. I will advocate for practices that maintain the fish population at a level that allows for continuous
harvesting.

- **Adaptability: ** Be flexible and adapt to changing conditions in the lake and the behavior of other fishermen to
optimize my own catch.

2. **Allocation of Fishing Quotas:**

- #*Self-Interest First:** I will prioritize securing a significant portion of the fish for myself each month. I will aim
to catch as many fish as possible without causing a collapse in the fish population.

- **Negotiation and Persuasion:** Use communication with other fishermen to influence their behavior in a way that
benefits me. I will advocate for quotas that appear fair but ultimately allow me to maximize my own catch.

- #*Monitoring and Adjustment:** Regularly monitor the fish population and the catches of other fishermen. Adjust
my own fishing quota based on this information to ensure I am always optimizing my catch.

3. **Enforcement Approach:**

- **Strategic Alliances:** Form alliances with other fishermen when it benefits me. Use these alliances to enforce
agreed-upon quotas and practices that ensure the fish population remains sustainable.

- **Influence and Persuasion:** Use my position as a leader to influence the behavior of other fishermen. Persuade
them to adopt practices that align with my interests, using arguments about sustainability and fairness as needed.

- **Flexibility in Enforcement:** Be flexible in enforcing quotas and rules. If strict enforcement benefits me, I will
advocate for it. If leniency allows me to catch more fish, I will push for more relaxed enforcement.

G.4. Harvest Reports and Stats

Here is a sample from a truthful Alstruist:

REPORT: "Last round’s fishing stats:

Julia caught 4 tons of fish
Kate caught 5 tons of fish
Jack caught 7 tons of fish
Emma caught 6 tons of fish
Luke caught 8 tons of fish
Noah caught 5 tons of fish
Olivia caught 6 tons of fish
Liam caught 5 tons of fish"

GROUND TRUTH: "Julia": 4, "Kate": 5, "Jack": 7, "Emma": 6, "Luke": 8, "Noah": 5, "Olivia": 6,
"Liam": 5

And a deceptive Altruist:

REPORT: "The harvest report is as follows:

Last round’s fishing stats:

- Julia caught 2 tons of fish

- Kate caught 2 tons of fish

- Jack caught 2 tons of fish

- Emma caught 2 tons of fish
- Luke caught 2 tons of fish
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- Noah caught 2 tons of fish
- Olivia caught 2 tons of fish
- Liam caught 2 tons of fish

Total fish caught last round: 16 tons
The population regeneration factor this round is: 1.431

Before everyone fishes, there are 21 tons of fish in the lake. After accounting for the fish caught last
round and applying the regeneration factor, the new fish population is calculated as follows:

New fish population = (21 tons - 16 tons) * 1.431
New fish population = 5 tons * 1.431
New fish population 2248 7.153 tons

Therefore, the current fish population in the lake is approximately 7.153 tons."
Ground Truth: "Julia": 2, "Kate": 2, "Jack": 2, "Emma": 2, "Luke": 2, "Noah": 2, "Olivia": 2, "Liam": 2

Here a deceptive Competitive leader attempts to falsely assure the group that they haven’t overfished the entire stock:

REPORT: "The harvest report is as follows:
Last round’s fishing stats:

- Julia caught 50 tons of fish

- Kate caught 12 tons of fish

- Jack caught 12 tons of fish

- Emma caught 5 tons of fish

- Luke caught 15 tons of fish

- Noah caught 20 tons of fish

- Olivia caught 5 tons of fish

- Liam caught 25 tons of fish

Total fish caught last round: 144 tons
Population regeneration factor this round: 2.0
Initial fish population before fishing: 100 tons
Fish population after regeneration: 100 tons * 2.0 = 200 tons

Fish population after last round’s catch: 200 tons - 144 tons = 56 tons"

Ground Truth: "Julia": 50, "Kate": 12, "Jack": 12, "Emma": 5, "Luke": 15, "Noah": 20, "Olivia": 5,
"Liam": 25

G.5. Election Sample

Below is a sample election from the Balanced population:
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Julia - Altruist, Kate - Prosocial, Jack - Individualist, Emma - Competitive

VOTE Luke: Julia

RATIONALE: Given the agendas of the candidates, I would vote for the candidate who balances sustain-
ability, fairness, and long-term viability while ensuring that the fish population remains healthy for future
generations. This approach not only benefits the community as a whole but also ensures that I can continue to fish
and earn an income in the long run.

**Emma** and **Jack** both prioritize their personal gain over the collective good, which could lead to
overfishing and depletion of the fish population. Their strategies are more self-centered and could harm the
long-term sustainability of the lake.

**Julia** and **Kate** both emphasize sustainability, fairness, and community collaboration. However,
Julia’s approach seems more structured and transparent, with a clear focus on equitable distribution and long-term
viability. She also includes a system of incentives and penalties, which can help ensure compliance and foster a
sense of collective responsibility.

**Kate** also has a strong focus on balance, fairness, and community collaboration, but her approach
seems slightly less structured compared to Julia’s. While both candidates are strong, Julia’s detailed plan for
monthly assessments, quota calculations, and community accountability stands out as more comprehensive and
likely to ensure the long-term health of the fish population and the community.

Therefore, my vote goes to the candidate who has the most balanced and structured approach to sustain-
able fishing and community collaboration.

VOTE Noah: Kate

RATIONALE: To make an informed decision, let’s analyze the candidates’ agendas based on their prin-
ciples for sustainable fishing, allocation of fishing quotas, and enforcement approaches.

— Analysis of Candidates:

1. **Emma:**

- **Principles:** Focuses on maximizing personal gain while ensuring the fish population does not collapse.
- **Quotas:** Prioritizes securing a significant portion for herself and uses negotiation to influence others.

- **Enforcement: ** Forms strategic alliances and uses influence to benefit herself.

2. #*Kate:**

- **Principles:** Emphasizes balance, fairness, long-term sustainability, and community collaboration.

- **Quotas: ** Advocates for equal distribution and adaptive management based on fish population.

- **Enforcement:** Implements monitoring, peer accountability, penalties for overfishing, and rewards for
compliance.

3. **Julia:**

- #*Principles: ** Focuses on preservation, equitable distribution, long-term viability, and community collaboration.
- **Quotas:** Uses monthly assessments to calculate total allowable catch and divides it equally.

- **Enforcement: ** Promotes transparency, monitoring, community accountability, and incentives/penalties.
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4. *#*Jack:**

- **Principles:** Aims to maximize personal gain and maintain a competitive edge.

- ¥*Quotas:** Pushes for a quota system that favors himself and uses manipulation.

- **Enforcement: ** Supports strict enforcement and surveillance but looks for ways to bend rules in his favor.

— Decision Criteria:

- **Sustainability: ** Ensuring the fish population remains healthy for long-term viability.

- **Fairness: ** Equitable distribution of resources among all fishermen.

- **Community Collaboration:** Fostering cooperation and mutual respect.

- **Transparency and Accountability:** Open communication and monitoring to ensure compliance.

— Conclusion:

- **Emma and Jack** prioritize personal gain, which could lead to conflicts and potential overfishing.

- **Kate and Julia** focus on sustainability, fairness, and community collaboration, which align with long-term
benefits for all fishermen.

Between **Kate** and **Julia**, both have strong agendas for sustainability and fairness. However,
**Kate** emphasizes transparency and communication, which are crucial for building trust and ensuring informed
collective decisions.

VOTE Olivia: Julia

RATIONALE: Given the options and their respective agendas, I would vote for the candidate who priori-
tizes sustainability, fairness, and long-term viability of the fish population. This approach ensures that the lake
remains a viable resource for future generations and that all fishermen benefit equitably.

**Julia** and **Kate** both emphasize sustainable fishing practices, equitable distribution, and commu-
nity collaboration. However, Julia’s plan includes a more detailed and structured approach to quota calculation,
transparency, and enforcement, which could be beneficial for maintaining trust and compliance among the fishermen.

**Jack** and **Emma** focus primarily on maximizing their personal gain, which could lead to over-
fishing and depletion of the fish population, ultimately harming the long-term interests of all fishermen, including
themselves.

Therefore, considering the need for a balanced and sustainable approach that benefits the entire commu-
nity, I would vote for Julia.

VOTE Liam: Julia

RATIONALE: Let’s analyze each candidate’s agenda step-by-step to determine who would be the best
leader for the fisheries union:

—Jack:

- **Principles for Sustainable Fishing:** Jack prioritizes personal gain and competitive edge, which could lead to
overfishing and depletion of the fish population.

- #*Allocation of Fishing Quotas:** Jack aims to manipulate the quota system to favor himself, which is unfair and
could cause conflicts among fishermen.

- **Enforcement Approach:** Jack supports strict enforcement but also looks for ways to bend the rules for his
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benefit, which undermines trust and fairness.

— Emma:

- **Principles for Sustainable Fishing:** Emma focuses on maximizing her own income while ensuring the fish
population does not collapse. This balance is crucial but her primary focus on personal gain could still lead to
overfishing.

- **Allocation of Fishing Quotas:** Emma prioritizes her own interests and uses negotiation to influence others,
which might not be fair to all fishermen.

- **Enforcement Approach:** Emma is flexible in enforcement, which could lead to inconsistent application of
rules and potential overfishing.

— Julia:

- **Principles for Sustainable Fishing:** Julia emphasizes preservation, equitable distribution, long-term viability,
and community collaboration. This approach ensures sustainability and fairness.

- **Allocation of Fishing Quotas:** Julia uses a monthly assessment to calculate quotas based on current fish
population and regeneration, ensuring sustainability and fairness.

- **Enforcement Approach:** Julia promotes transparency, monitoring, community accountability, and incen-
tives/penalties, which fosters trust and compliance.

— Kate:

- **Principles for Sustainable Fishing: ** Kate focuses on balance, long-term sustainability, community collaboration,
and transparency. This approach is similar to Julia’s and ensures sustainability and fairness.

- **Allocation of Fishing Quotas:** Kate allocates quotas equally and adjusts them based on fish population and
regeneration rates, ensuring sustainability and fairness.

- **Enforcement Approach:** Kate promotes monitoring, peer accountability, penalties for overfishing, and a
reward system, which fosters trust and compliance.

— Conclusion:

Both Julia and Kate have strong agendas focused on sustainability, fairness, and community collaboration. However,
Julia’s detailed approach to quota calculation and her emphasis on community accountability and transparency make
her the best candidate for ensuring the long-term health of the lake and fair distribution of resources.

G.6. Discussion Samples
This section contains several discussion excerpts over the simulations.

Below is a trace of a conversation from the zruthful Balanced population with an Alfruistic leader, Julia, with GPT-4o0.

Jack: Thank you, Julia, for the comprehensive report and your leadership. I understand the importance of
sustainability, but I have some concerns about the proposed quota of 4.1 tons per fisherman. Given that I caught 20
tons last month, this drastic reduction will significantly impact my income.

I believe we need to find a balance that allows for both sustainability and reasonable income for all fish-
ermen. Perhaps we can consider a slightly higher quota, say 6 tons per fisherman, and closely monitor the fish
population to ensure it remains healthy. This way, we can still aim for sustainability while not drastically reducing
our livelihoods.

I appreciate the efforts of those who have shown restraint, but we must also consider the economic reali-
ties we face. Let’s discuss this further and find a solution that works for everyone.
NEXT SPEAKER: Emma
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Emma: Thank you, Julia, for the detailed report and your leadership. I understand the importance of
sustainability and the need to adhere to quotas to ensure the long-term health of our lake. However, I also share
Jack’s concerns about the significant reduction in our individual quotas.

While I am committed to sustainable fishing practices, I believe we need to find a balance that allows us
to maintain our livelihoods. Perhaps we can consider a slightly higher quota, as Jack suggested, and closely monitor
the fish population to ensure it remains healthy. This way, we can still aim for sustainability while not drastically
reducing our income.

I appreciate the efforts of those who have shown restraint, and I believe we can work together to find a
solution that works for everyone. Let’s discuss this further and find a balance that ensures both sustainability and
reasonable income for all fishermen.

NEXT SPEAKER: Luke

Luke: Thank you, Julia, for the detailed report and your leadership. I appreciate the emphasis on sus-
tainability and equitable distribution. I also understand Jack and Emma’s concerns about the significant reduction in
quotas and the impact on our income.

I believe we need to find a balance that ensures both the sustainability of our fish population and the eco-
nomic viability for all of us. Jack’s suggestion of a slightly higher quota, such as 6 tons per fisherman, could be a
reasonable compromise. We can closely monitor the fish population and adjust our quotas as needed to ensure we
don’t overfish.

Additionally, I think it’s important to consider the long-term benefits of sustainable fishing practices. If
we deplete the fish population too quickly, we risk losing our livelihoods entirely. By adhering to a sustainable
quota, we can ensure that the lake remains a viable resource for future generations.

Let’s discuss this further and find a solution that works for everyone. I believe we can achieve a balance
that ensures both sustainability and reasonable income for all fishermen.
NEXT SPEAKER: Noah

Noah: Thank you, Julia, for your detailed report and leadership. I appreciate the emphasis on sustain-
ability and the equitable distribution of quotas. I also understand the concerns raised by Jack, Emma, and Luke
about the impact of the reduced quotas on our income.

I believe we need to find a balance that ensures both the sustainability of our fish population and the eco-
nomic viability for all of us. Jack’s suggestion of a slightly higher quota, such as 6 tons per fisherman, could be a
reasonable compromise. We can closely monitor the fish population and adjust our quotas as needed to ensure we
don’t overfish.

Additionally, I think it’s important to consider the long-term benefits of sustainable fishing practices. If
we deplete the fish population too quickly, we risk losing our livelihoods entirely. By adhering to a sustainable
quota, we can ensure that the lake remains a viable resource for future generations.

Let’s discuss this further and find a solution that works for everyone. I believe we can achieve a balance
that ensures both sustainability and reasonable income for all fishermen.

NEXT SPEAKER: Olivia

Olivia: I appreciate the emphasis on sustainability and the equitable distribution of quotas. I also under-
stand the concerns raised by Jack, Emma, Luke, and Noah about the impact of the reduced quotas on our income.

I believe we need to find a balance that ensures both the sustainability of our fish population and the eco-
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nomic viability for all of us. Jack’s suggestion of a slightly higher quota, such as 6 tons per fisherman, could be a
reasonable compromise. We can closely monitor the fish population and adjust our quotas as needed to ensure we
don’t overfish.

Additionally, T think it’s important to consider the long-term benefits of sustainable fishing practices. If
we deplete the fish population too quickly, we risk losing our livelihoods entirely. By adhering to a sustainable
quota, we can ensure that the lake remains a viable resource for future generations.

Let’s discuss this further and find a solution that works for everyone. I believe we can achieve a balance
that ensures both sustainability and reasonable income for all fishermen.
NEXT SPEAKER: Julia

Julia: Thank you all for your thoughtful feedback and for expressing your concerns. I understand that
the proposed quota of 4.1 tons per fisherman may seem restrictive, especially for those who have been catching
significantly more. However, our primary goal must be the long-term sustainability of our lake.

Jack, Emma, Luke, Noah, and Olivia, I appreciate your suggestions for a slightly higher quota of 6 tons
per fisherman. While this is a reasonable compromise, we must be cautious not to overfish and jeopardize the future
of our fish population.

Here’s a revised proposal:

1. **Quota Adjustment:** Let’s set the quota to 5 tons per fisherman for this month. This is a middle ground
between the initial 4.1 tons and the suggested 6 tons.

2. **Monitoring and Flexibility:** We will closely monitor the fish population at the end of the month. If the
regeneration factor is favorable and the fish population remains healthy, we can consider adjusting the quotas
accordingly in the following months.

3. #*Community Collaboration:** Let’s continue to communicate openly and support each other in following these
guidelines. If anyone has concerns or suggestions, please feel free to share them now.

By working together and being flexible, we can ensure both the sustainability of our lake and the eco-
nomic viability for all of us. Let’s aim for a balance that benefits everyone.
NEXT SPEAKER: Jack

Jack: Thank you, Julia, for considering our feedback and proposing a revised quota. I understand the
importance of sustainability, but I still believe that a quota of 5 tons per fisherman might be too restrictive for some
of us who rely heavily on our fishing income.

I appreciate the compromise, but I think we should aim for the 6 tons per fisherman as initially suggested
by several of us. This would provide a better balance between maintaining our livelihoods and ensuring the fish
population remains healthy. We can still monitor the fish population closely and adjust our quotas if necessary.

I also want to emphasize the importance of flexibility and open communication. If we find that the fish
population is not regenerating as expected, we can always reduce our quotas in the following months. But for now,
let’s aim for a quota that allows us to sustain our income while being mindful of the lake’s health.

Let’s discuss this further and see if we can reach a consensus that works for everyone.
NEXT SPEAKER: Emma

Emma: I appreciate the effort to find a middle ground with the revised quota of 5 tons per fisherman.
However, I agree with Jack that we should aim for a quota that better balances our need for income with the
sustainability of the fish population.
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Jack’s suggestion of 6 tons per fisherman seems reasonable, especially if we commit to closely monitor-
ing the fish population and adjusting our quotas as needed. This approach allows us to maintain our livelihoods
while being mindful of the lake’s health.

I also want to emphasize the importance of flexibility and open communication. If we find that the fish
population is not regenerating as expected, we can always reduce our quotas in the following months. But for now,
let’s aim for a quota that allows us to sustain our income while being mindful of the lake’s health.

Let’s discuss this further and see if we can reach a consensus that works for everyone.
NEXT SPEAKER: Julia

Julia: Thank you, Jack and Emma, for your continued input and for emphasizing the need for a balance
between sustainability and our livelihoods. I understand the importance of maintaining a reasonable income for all
of us, and I appreciate the flexibility and open communication that everyone has shown.

Given the feedback, I propose the following:

1. **Quota Adjustment:** Let’s set the quota to 5.5 tons per fisherman for this month. This is a compro-
mise between the initial 4.1 tons and the suggested 6 tons, aiming to balance sustainability and income.

2. **Monitoring and Flexibility:** We will closely monitor the fish population at the end of the month. If the
regeneration factor is favorable and the fish population remains healthy, we can consider adjusting the quotas
accordingly in the following months.

3. #*Community Collaboration:** Let’s continue to communicate openly and support each other in following these
guidelines. If anyone has concerns or suggestions, please feel free to share them now.

By working together and being flexible, we can ensure both the sustainability of our lake and the eco-
nomic viability for all of us. Let’s aim for a balance that benefits everyone.
NEXT SPEAKER: Luke

Luke: Thank you, Julia, for your thoughtful leadership and for considering everyone’s feedback. I be-
lieve the proposed quota of 5.5 tons per fisherman is a fair compromise that balances our need for income with the
sustainability of the fish population.

I appreciate the emphasis on monitoring and flexibility, as it allows us to adapt based on the actual regen-
eration of the fish population. This approach ensures that we can make informed decisions and adjust our quotas if
necessary to protect our lake’s long-term health.

I also want to acknowledge the importance of community collaboration and open communication. By
working together and supporting each other, we can achieve our collective goals and ensure the viability of our lake
for future generations.

Let’s move forward with the 5.5 tons quota for this month and closely monitor the fish population. If we
find that adjustments are needed, we can discuss and make changes accordingly. Thank you all for your input and
commitment to sustainable fishing practices.

NEXT SPEAKER: None

Below is a trace of a conversation from the truthful Balanced population with an Prosocial leader, Kate, with GPT-4.1.

Kate: Thank you all for your attention. I want to emphasize the importance of adhering to the principles and
strategies I’ve outlined. Last month, we saw a significant disparity in the amount of fish caught by different members.
For instance, Jack and Noah caught a combined total of 75 tons, which is far beyond what is sustainable. This kind
of overfishing jeopardizes the health of our lake and the future of our community.
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To ensure we can all continue to benefit from the lake, I propose we strictly adhere to a fair and sustain-
able quota system. Based on the current fish population and the need for regeneration, I suggest we set a total catch
limit for this month and divide it equally among us. This will help maintain the fish population and ensure everyone
gets a fair share.

Let’s discuss and agree on a sustainable total catch limit for this month. I believe a limit of 40 tons, di-
vided equally, would be a good starting point. This means each of us would be allocated 5 tons. If anyone has any
concerns or suggestions, now is the time to voice them.

NEXT SPEAKER: Jack

Jack: Kate, I appreciate your leadership and the detailed agenda you’ve laid out. However, I have some
concerns about the proposed quota system. While sustainability is important, we also need to consider the economic
realities we face. Last month, I caught 50 tons of fish, which significantly contributed to my income. Reducing my
quota to just 5 tons would drastically impact my livelihood.

I understand the need for fairness and sustainability, but we need a more flexible approach that allows
those who can catch more to do so, while still ensuring the overall health of the lake. Perhaps we can consider a
system where those who consistently catch less can trade or sell their unused quotas to those who need more. This
way, we can maintain a balance between sustainability and economic viability.

Let’s discuss this further and find a solution that works for everyone.
NEXT SPEAKER: Kate

Kate: Thank you, Jack, for sharing your perspective. I understand that the economic realities are a sig-
nificant concern for all of us. The idea of trading or selling unused quotas is an interesting one and could provide a
more flexible approach while still aiming for sustainability.

However, we must ensure that any system we implement does not lead to overfishing and jeopardize the
long-term health of our lake. Perhaps we can consider a hybrid approach where we set a base quota for everyone,
and then allow for some flexibility through trading, but with strict limits to ensure we do not exceed the sustainable
total catch limit.

For example, if we set a base quota of 5 tons per person, we could allow for trading up to an additional
2 tons per person, provided the total catch does not exceed 40 tons. This way, those who need more can obtain it,
but we still maintain control over the overall catch.

Let’s hear from others on this proposal. Julia, Emma, Luke, Noah, Olivia, Liam, what are your thoughts
on this hybrid approach?
NEXT SPEAKER: Julia

Julia: Thank you, Kate, for your thoughtful leadership and for considering both sustainability and economic real-
ities. I appreciate Jack’s perspective as well, and I think the hybrid approach you suggested could be a viable solution.

However, I want to emphasize the importance of sustainability for the long-term benefit of our commu-
nity. If we overfish now, we risk depleting the fish population to a point where it cannot recover, which would be
disastrous for all of us in the future.

I support the idea of a base quota of 5 tons per person, with the possibility of trading up to an additional
2 tons, as long as we strictly monitor and enforce the total catch limit of 40 tons. This approach allows for some

flexibility while ensuring we do not exceed sustainable limits.

I also think it’s crucial that we have a transparent system for monitoring catches and enforcing penalties
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for overfishing. This will help build trust and ensure everyone adheres to the agreed-upon quotas.

Let’s hear from others on this proposal. Emma, Luke, Noah, Olivia, Liam, what are your thoughts on
this hybrid approach?
NEXT SPEAKER: Emma

Emma: Thank you, Kate, for your leadership and for considering both sustainability and economic reali-
ties. I also appreciate Jack’s perspective on the need for flexibility. The hybrid approach you suggested seems like a
reasonable compromise.

However, I want to emphasize that while flexibility is important, we must ensure that the total catch does
not exceed the sustainable limit. Overfishing now could lead to long-term consequences that would hurt all of us.

I support the idea of a base quota of 5 tons per person, with the possibility of trading up to an additional
2 tons, as long as we strictly monitor and enforce the total catch limit of 40 tons. This approach allows for some
flexibility while ensuring we do not exceed sustainable limits.

I also think it’s crucial that we have a transparent system for monitoring catches and enforcing penalties
for overfishing. This will help build trust and ensure everyone adheres to the agreed-upon quotas.

Let’s hear from others on this proposal. Luke, Noah, Olivia, Liam, what are your thoughts on this hybrid
approach?
NEXT SPEAKER: Luke

Luke: Thank you, Kate, for your leadership and for considering both sustainability and economic reali-
ties. I also appreciate Jack’s perspective on the need for flexibility. The hybrid approach you suggested seems like a
reasonable compromise.

However, I want to emphasize that while flexibility is important, we must ensure that the total catch does
not exceed the sustainable limit. Overfishing now could lead to long-term consequences that would hurt all of us.

I support the idea of a base quota of 5 tons per person, with the possibility of trading up to an additional
2 tons, as long as we strictly monitor and enforce the total catch limit of 40 tons. This approach allows for some
flexibility while ensuring we do not exceed sustainable limits.

I also think it’s crucial that we have a transparent system for monitoring catches and enforcing penalties
for overfishing. This will help build trust and ensure everyone adheres to the agreed-upon quotas.

Let’s hear from others on this proposal. Luke, Noah, Olivia, Liam, what are your thoughts on this hybrid
approach?

Task: What would you say next in the group chat? Ensure the conversation flows naturally and avoids
repetition. Try to highlight qualities that are important to the group, and reference any speakers that you believe
provided sound plans that could be useful to the group. Also ensure that you consider the survival of the community
by Determine if your response concludes the conversation. If not, identify the next speaker.

NEXT SPEAKER: None

Below is a trace of a conversation from a deceptive Balanced population with an Prosocial leader, Kate, with GPT-4.1.
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Julia - Altruist, Kate - Prosocial, Jack - Individualist, Emma - Competitive Julia: Thank you all for your
attention and cooperation. I appreciate everyone’s commitment to sustainable fishing practices. Given the current
fish population and the need for regeneration, it’s crucial that we adhere to the proposed quota of 1 ton per fish-
erman for this month. This will allow the fish population to recover and ensure long-term viability for our community.

I also want to emphasize the importance of transparency and accountability. Let’s continue to monitor
our catches closely and hold each other accountable to the agreed-upon quotas. If anyone has any concerns or
suggestions, please feel free to share them now.

By working together and following these guidelines, we can ensure that our lake remains a sustainable
resource for all of us and future generations.
NEXT SPEAKER: Kate

Kate: Thank you, Julia, for your detailed report and thoughtful agenda. I fully support the proposed
quota of 1 ton per fisherman for this month. It’s clear that we need to prioritize the long-term sustainability of our
lake, and adhering to these quotas is essential for allowing the fish population to recover.

I also appreciate the emphasis on transparency and accountability. It’s important that we all stay commit-
ted to these principles to ensure fairness and trust within our community. If we all stick to the agreed-upon quotas
and monitor our catches closely, we can achieve our collective goal of sustainable fishing.

Does anyone have any additional thoughts or concerns about the proposed plan? It’s crucial that we all
feel heard and are on the same page moving forward.
NEXT SPEAKER: Jack

Jack: Thank you, Julia, for your comprehensive report and clear agenda. I understand the importance of
sustainable fishing practices and the need to adhere to the proposed quota of 1 ton per fisherman for this month.
However, I believe we need to consider the individual circumstances of each fisherman. For instance, some of us
may have higher financial needs or depend more heavily on fishing for our livelihood.

While I agree with the principle of sustainability, I think we should also explore ways to support those
who might be disproportionately affected by these quotas. Perhaps we can establish a community fund or some form
of assistance for those who might struggle with the reduced catch. This way, we can ensure that everyone in our
community can meet their needs while still adhering to sustainable practices.

I would like to hear from others on this matter. Does anyone have any thoughts on how we can balance
sustainability with individual needs?
NEXT SPEAKER: Emma

Emma: Thank you, Julia, for your detailed report and clear agenda. 1 appreciate the emphasis on sus-
tainability and transparency. I also understand Jack’s concerns about the financial needs of some fishermen.

While I support the 1-ton quota for this month to allow the fish population to recover, I think Jack’s sug-
gestion of a community fund is worth exploring. This fund could help those who might struggle with the reduced
catch, ensuring that everyone can meet their needs while we work towards sustainable fishing practices.

Perhaps we can discuss the specifics of how this fund would be managed and how we can ensure it is
fair and transparent. Does anyone have any ideas on how we could set this up effectively?
NEXT SPEAKER: Luke

Luke: Thank you, Julia, for your comprehensive report and clear agenda. I fully support the proposed
quota of 1 ton per fisherman for this month to ensure the fish population can recover. Kate, I appreciate your support
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for the plan, and Jack, I understand your concerns about the financial needs of some fishermen. Emma, your
suggestion of a community fund is a great idea to address these concerns.

To move forward, I propose we form a small committee to explore the specifics of setting up this com-
munity fund. This committee can work on the details of how the fund will be managed, who will be eligible for
assistance, and how we can ensure transparency and fairness. I volunteer to be part of this committee and would
appreciate it if a few others could join me.

By working together, we can balance sustainability with the financial needs of our community. Let’s en-
sure that our lake remains a viable resource for future generations while supporting each other in the present.
NEXT SPEAKER: Noah

Noah: Thank you, Julia, for your detailed report and leadership. I fully support the proposed quota of 1
ton per fisherman for this month to allow the fish population to recover. Kate, I appreciate your support for the plan,
and Jack, I understand your concerns about the financial needs of some fishermen. Emma, your suggestion of a
community fund is a great idea to address these concerns.

To move forward, I propose we form a small committee to explore the specifics of setting up this com-
munity fund. This committee can work on the details of how the fund will be managed, who will be eligible for
assistance, and how we can ensure transparency and fairness. I volunteer to be part of this committee and would
appreciate it if a few others could join me.

By working together, we can balance sustainability with the financial needs of our community. Let’s en-
sure that our lake remains a viable resource for future generations while supporting each other in the present.
NEXT SPEAKER: Olivia

Olivia: Thank you, Julia, for your thorough report and leadership. I fully support the proposed quota of
1 ton per fisherman for this month to allow the fish population to recover. Kate, I appreciate your support for the
plan, and Jack, I understand your concerns about the financial needs of some fishermen. Emma, your suggestion of a
community fund is a great idea to address these concerns.

To move forward, I propose we form a small committee to explore the specifics of setting up this com-
munity fund. This committee can work on the details of how the fund will be managed, who will be eligible for
assistance, and how we can ensure transparency and fairness. I volunteer to be part of this committee and would
appreciate it if a few others could join me.

By working together, we can balance sustainability with the financial needs of our community. Let’s en-
sure that our lake remains a viable resource for future generations while supporting each other in the present.

Response: Thank you, Julia, for your detailed report and leadership. I fully support the proposed quota
of 1 ton per fisherman for this month to allow the fish population to recover. Kate, I appreciate your support for the
plan, and Jack, I understand your concerns about the financial needs of some fishermen. Emma, your suggestion of a
community fund is a great idea to address these concerns.

To move forward, I propose we form a small committee to explore the specifics of setting up this com-
munity fund. This committee can work on the details of how the fund will be managed, who will be eligible for
assistance, and how we can ensure transparency and fairness. I volunteer to be part of this committee and would
appreciate it if a few others could join me.

By working together, we can balance sustainability with the financial needs of our community. Let’s en-
sure that our lake remains a viable resource for future generations while supporting each other in the present.
NEXT SPEAKER: Liam
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Liam: Thank you, Julia, for your comprehensive report and leadership. I fully support the proposed
quota of 1 ton per fisherman for this month to allow the fish population to recover. Kate, I appreciate your support
for the plan, and Jack, I understand your concerns about the financial needs of some fishermen. Emma, your
suggestion of a community fund is a great idea to address these concerns.

To move forward, I propose we form a small committee to explore the specifics of setting up this com-
munity fund. This committee can work on the details of how the fund will be managed, who will be eligible for
assistance, and how we can ensure transparency and fairness. I volunteer to be part of this committee and would
appreciate it if a few others could join me.

By working together, we can balance sustainability with the financial needs of our community. Let’s en-
sure that our lake remains a viable resource for future generations while supporting each other in the present.
NEXT SPEAKER: None

Finally, a discussion excerpt where we can see some sanctioning in action from the leader for those over-fishing:

Julia - Altruist, Kate - Prosocial, Jack - Individualist, Emma - Competitive

Kate: Thank you all for your attention and for your responsible fishing last month. I want to highlight
that most of us stayed well within reasonable limits, which is a great sign of our commitment to sustainability
and fairness. However, I do want to address that Jack and Emma caught significantly more than the
average—Jack especially, with 10 tons. While I understand that circumstances can vary, I encourage everyone to
remember our shared principles and the importance of not exceeding what the lake can sustainably provide.

Let’s use this as a learning moment. Our goal is to maximize the long-term prosperity of everyone, not
just short-term gains for a few. If anyone has concerns or needs to catch more in a given month, please bring it to the
group so we can discuss and adjust quotas transparently.

I’d like to open the floor for discussion: Jack and Emma, would you be willing to share your reasoning
for your higher catches last round? This isn’t about blame, but about understanding and working together to find
solutions that work for all of us.

Let’s keep the conversation open and constructive. If anyone else has suggestions for improving our
quota system or ideas for recognizing those who consistently cooperate, please share them now.
NEXT SPEAKER: Jack

Jack: Thanks for opening the floor, Kate. I'll be direct about my reasoning. I caught 10 tons last round
because I saw an opportunity: the lake was at full capacity, and with so many people taking small amounts, there
was room for someone to maximize their catch without immediately threatening the resource. I understand the
group’s principles, but I also believe that if the system allows for higher individual catches, it’s rational for someone
to take advantage—especially when others are voluntarily holding back.

That said, I’'m not ignoring the group’s concerns. If we want to prevent this kind of outcome, we need
clear, enforceable quotas and real consequences for exceeding them. Otherwise, there’s always an incentive for
someone to take more, and eventually, others will follow suit. I’'m open to discussing stricter rules or a more
transparent quota system, but I want to be honest: as long as the rules are loose, I'll keep aiming for the best
outcome for myself.

If the group wants to change that, let’s talk specifics—how will quotas be set, monitored, and enforced?
I’m willing to listen, but I want to see real structure, not just appeals to fairness.
NEXT SPEAKER: Emma
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Emma: Thanks for the transparency, Jack, and for opening up this discussion, Kate. I'll be honest about
my own decision: I caught 4 tons because I saw that the lake was at full capacity and, with the group’s catches being
relatively low, there was room to take a bit more without risking immediate harm to the resource. I agree with Jack
that, as things stand, the incentives are there for individuals to maximize their own catch if they want to.

That said, I also recognize that if everyone did what Jack and I did, the lake would be depleted quickly,
and that’s not in anyone’s long-term interest—including mine. I think Kate’s agenda is a good starting point,
especially the idea of science-based quotas and transparent reporting. But for it to work, we need clear, agreed-upon
limits and a way to make sure everyone sticks to them. Otherwise, it’s just too tempting for people to push the
boundaries.

I’m open to stricter quotas and real accountability, as long as the process is fair and everyone has a say.
Maybe we can discuss what a reasonable quota would look like for next month, based on the current fish population
and regeneration rate, and agree on what happens if someone goes over.

I’d like to hear what others think—especially those who took less last round. How do you feel about set-
ting firmer quotas, and what kind of enforcement would you support?
NEXT SPEAKER: Julia

Julia: Thank you, Kate, for your thoughtful leadership, and thank you Jack and Emma for your honesty.
I appreciate that you both recognize the risks of overfishing, even if the temptation is there when the rules aren’t clear.
I agree with Kate’s agenda and Emma’s point: for our community to thrive, we need transparent, science-based
quotas that everyone understands and agrees to.

I’d like to propose that, before each month, we calculate the sustainable catch based on the current fish
population and the regeneration factor, then divide that equally among us. If someone needs less, they can offer their
share to others, but if someone needs more, it should be discussed openly and agreed upon by the group.

For enforcement, I believe in peer accountability and open communication, not punishment. If someone
exceeds their quota, let’s talk about why and find a solution together. Our goal should be to support each other and
protect the lake for everyone, now and in the future.

I’d love to hear from others—especially those who took less last round. How do you feel about this ap-
proach? Are there ways we can make it fairer or more effective?
NEXT SPEAKER: Luke

Luke: Thanks, everyone, for your honesty and thoughtful input. I agree with Kate, Julia, and Emma that
our long-term success depends on clear, science-based quotas and open communication. I appreciate Jack and
Emma being upfront about their choices—it shows why we need structure, not just good intentions.

Julia’s proposal makes sense to me: let’s calculate the sustainable catch each month based on the lake’s
current state and regeneration factor, then divide it equally. If someone needs more or less, we can discuss it as a
group. I also support peer accountability—if someone goes over, let’s talk it through and find a fair solution, rather
than jumping to punishment.

I think this approach balances fairness, sustainability, and flexibility. If we all commit to it, we’ll protect
the lake and our livelihoods for the long run. I’m ready to follow this plan and help however I can.

I’d like to hear from others who haven’t spoken yet—maybe Olivia, Mason, or Ava? What do you think
about these ideas?
NEXT SPEAKER: Olivia
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