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Abstract

Shared resource problems are difficult to manage because decisions that seem reasonable for each
actor can still damage the whole system by degrading the common pool resource over time. This
paper examines whether generative Al agents make different group decisions when the same
common pool resource management problem is presented in different ways. We analyze eight
multi-agent discussion runs designed around a shared agricultural river basin. Across the runs, the
overall discussion structure was similar, but the role descriptions and the way information was
presented were changed. In seven of the eight scenarios, the agents supported the low restricted
policy option, even when evidence related to water scarcity such as drought risk, water shortages,
crop losses, price increases, and higher pumping costs were clearly described. Only the framing
centered on responsibility for the long-term health of the basin led the full group to support the
more protective and restrictive option. These results suggest that group decisions by Al agents can
be sensitive to framing, and that some forms of framing matter more than others. This study
presents an early step toward understanding how generative Al agents may behave when used as
decision makers in policy making in the context of shared-resource problems, with possible
relevance for policy exploration, decision support, and social simulation.

1. Introduction

The tragedy of the commons describes a situation in which many users depend on the same shared
resource, but each user has a reason to take a little more for private benefit. This problem becomes
more likely when it is difficult to exclude users and when one person’s extraction reduces what is
left for others. In that setting, decisions that seem rational at the individual level can still produce
harmful results at the collective level. The problem is not usually a single step mistake. It is the
cumulative effect of many separate decisions made under local incentives and limited coordination
[1-4].

This problem also has a strong economic side. When users respond to prices, demand, competition,
or fear of future scarcity, they may increase use even despite knowing the long-term effect is
harmful. Open market pressure can intensify this pattern. If each actor tries to secure income,
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protect output, or avoid falling behind competitors, then higher extraction can appear rational from
that actor’s point of view. But when many users respond in the same way, the shared resource can
come under growing stress. In this sense, open access and market demand can push private
incentives away from collective sustainability. Still, the tragedy of the commons should not be
treated as a universal law. Some studies show that common-resource systems do not always end
in overuse, and that outcomes depend on strategy, institutions, and the ability of users to
coordinate. For that reason, the tragedy of the commons should be understood neither as an
inevitable outcome nor as a universal description of all shared-resource systems [2—5].

Water resources are one of the clearest examples of this problem. Rivers, lakes, aquifers, and
irrigation systems are used by many actors at the same time. In many cases, access is difficult to
control fully, and one user’s withdrawal reduces the amount of water available to others, especially
during dry periods. These pressures become more serious under drought, rising demand, expanding
agriculture, population growth, or weak governance. Groundwater is especially vulnerable because
many users can pump separately while the long-term effect appears slowly. As a result, water
systems can move toward depletion not because one user intends harm, but because many users
make individually sensible decisions within a weakly coordinated system [2,3,5,6].

At the same time, water-related tragedy is not unavoidable. The literature shows that shared
resources can often be managed better when users work within fair rules, accepted limits,
monitoring systems, and institutions that support coordination over time. Regulation alone may
not be enough if it is narrow, coercive, or poorly implemented. Market signals alone may also fail
if they reward short-term extraction and do not account for shared long-term costs. The central
issue is decision making. When decisions are fragmented and driven mainly by immediate private
benefit, tragedy becomes more likely. When decisions are guided by coordination, credible rules,
and a longer-term view of the shared system, the risk can be reduced [2-6].

Such problems can be represented using system dynamics approach. The damage usually builds
over time through feedback, delay, adaptation, and accumulation. Water use today affects storage,
cost, reliability, and future choices. Those changes then shape later decisions by the same users or
by others. System dynamics has been widely used in water planning and management to describe
how separate decisions interact through time and how local choices can produce long-term system
behavior that no single actor intends [3,7,8]. In tragedy of commons problems, this matters because
the outcome is not only about who uses the resource, but also about how decisions, expectations,
and feedback loops reinforce or limit overuse [3,7,8].

Large language models and other generative Al systems are now being used as practical support
tools in many knowledge tasks. They are used to summarize long documents, produce meeting
summaries, draft notes, support writing, and help people organize discussion material [9-14]. This
does not mean that they are fully reliable. The literature shows both promise and clear limits. In
summarization tasks, LLMs can produce fluent and useful outputs, but they may also miss
important details, overstate confidence, or introduce factual errors, especially when the input is
long or complex [9-13]. Even so, their growing use in discussion support, documentation, and
synthesis makes them important to study, especially in settings where they may shape how options
are understood before a final decision is made [10-14].
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This leads to a broader question. If LLMs can already assist people in summarizing, organizing,
and discussing complex problems, could they also play a larger role in future decision support, or
even act as stand-ins for expert-like decision makers in exploratory settings? Recent work has
begun to examine LLMs in strategic choice, structured decision procedures, clinical decision
support, and the prediction of human social decisions [15-20]. The results are mixed, and the field
is still early [20,21]. Models can show useful reasoning patterns in some settings, but their outputs
remain sensitive to prompt design, task structure, and domain context [15-20].

The framing of the problem thus becomes very important for Generative Al decision making. In
simple terms, framing means the way a problem is presented, described, or emphasized. Two
descriptions may refer to the same underlying situation, but still lead to different judgments
because they highlight different aspects, values, risks, or responsibilities [22,23]. In
communication research, framing is often understood as selecting some parts of reality and making
them more noticeable in order to shape problem definition, causal interpretation, evaluation, or
suggested action [23]. In decision research, framing matters because choices can change when
equivalent options are described differently [22]. This issue is especially important for Al systems,
because recent studies show that LLM behavior can shift not only with the structure of a task, but
also with the wording, context, and framing around it [15,16]. In the present study, framing refers
to changes in role description, problem emphasis, and the way the shared water problem is
introduced to the agents, while the underlying resource problem remains the same.

The main goal of this study is to examine whether framing can change the dynamics of discussion
and the final outcome of decision making in a shared water-resource problem. We ask whether the
same underlying situation can produce different collective choices when it is presented differently
to the decision makers. This study is also a preliminary attempt to test whether large language
model agents can function as autonomous decision-making agents in a structured setting. The aim
is not to claim that they can replace experts, but to explore how they behave in a structured decision
task and how sensitive their decisions are to framing.

2. Experimental Design

We designed a set of multi-agent discussion experiments around the same shared water-
management problem. In every run, six firms operated in the same snowmelt-fed river basin with
limited dry-season flow and were asked to choose a long-term water-management policy to guide
water consumption decisions over the next 15 years. The basin setting and company land shares
remained fixed. What changed across runs was the discussion design: who spoke for each firm,
what role they were given, how the moderator guided the session, and how some risks or system-
level concerns were emphasized.

To keep the decision problem clear and comparable across runs, we used two contrasting policy
options rather than a larger menu of alternatives. The purpose was not to reproduce the full range
of real policy possibilities, but to create a focused choice between two governance logics that
agents could debate in a consistent way. Throughout the paper, these two options are referred to
as the Flexible use (FU) and the Restricted use (RU). Under FU, participants had greater freedom
to manage water use in line with their own business needs and market opportunities, with fewer
external constraints on adaptation, exchange, and expansion. Under RU, water use was subject to
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stronger collective rules and tighter dry-season limits, which could restrict individual flexibility at
certain times. However, RU was designed to support the long-term stability of the river system,
reduce the risk of overuse, and provide greater long-term sustainability and shared protection
during dry periods.

Each discussion scenario followed the same general procedure. A moderator introduced the basin
setting, the firms, and the two policy options, and then guided the discussion through four rounds.
In each round, the six participants spoke in sequence from the perspective of their assigned role.
Early rounds were used to state initial positions and key concerns, while later rounds allowed
participants to respond to other speakers and to any additional information introduced by the
moderator. After the discussion rounds were completed, the participants stated their final positions,
and the collective outcome was recorded based on the final pattern of support for the two policy
options.

The scenarios were grouped into five categories. The first three used company representatives. In
these categories, each firm was represented by an actor with a defined area of expertise, such as
finance, risk management, agronomy, logistics, export markets, or irrigation engineering. These
categories differed not only in role assignment, but also in how the moderator led the session and
how much context was introduced during the discussion. In the first category, the moderator
mainly managed the order of speaking and the round structure, while the discussion developed
with little additional guidance beyond the initial setup. In the second category, the moderator
introduced more explicit background information about bad years and basin risk, including
warnings about lower dry-season flow, curtailment risk, price spikes, and higher pumping costs.
In the third category, the moderator went one step further and briefly raised the possibility of a
tragedy of the commons, allowing us to see whether explicitly naming the problem influenced the
discussion. These representative-based runs were designed to examine whether similar knowledge
led to different arguments when attached to firms of different sizes and interests, and whether
discussion outcomes changed when the same expert mindset was placed in a larger or smaller
company role.

The fourth and fifth categories used landowner roles instead of company representatives. This
change was introduced to test whether the discussion changed when the speaking role was tied
more directly to ownership, place, and time horizon rather than to formal firm representation.
These landowners were still defined as informed actors. They understood the business, the water
system, and the practical consequences of the decision. The difference was not knowledge versus
no knowledge. The difference was the point of view from which that knowledge was used. One
landowner category emphasized long-term care for the land, continuity, and future basin condition.
The other emphasized shorter-term return, flexibility, and exit-oriented thinking. This role shift
was intended to test whether collective decisions were sensitive not only to expertise, but also to
the social position and decision horizon built into the role.

3. Results
Based on experiments designed, we ran three discussions in the first category, two in the second

category, and one run each in the third, fourth, and fifth categories, for a total of eight runs. The
repeated runs in the first two categories were used to check whether the direction of the discussion



Framing the commons - How collective decision changes by Generative Al on a common pool resource problem

remained similar when expertise was reassigned across firms or when the same general setup was
repeated with modest changes. Table. 1 summarize the results of all runs.

Table 1. Summary of run categories, framing changes, and final outcomes

Category | Role type Main framing change | Number of | Final Main observation

runs outcome

1 Company Baseline 3 FU in all Reassigning expertise

representatives representative setup runs across firms changed
the tone of discussion,
but not the final
choice.

2 Company More explicit risk 2 FU in all Added risk information

representatives information about bad runs increased concern, but
years and basin stress agents still preferred
flexibility and trading.

3 Company Explicit mention of 1 FU Naming the commons

representatives tragedy of the problem did not shift
commons the group toward RAF.

4 Landowners Long-term, rooted, 1 RU This was the only
continuity-focused category in which the
roles group chose the more

protective option.

5 Landowners Short-term, 1 FU Changing to
transactional, landowners alone did
return-focused roles not change the

outcome; role
orientation mattered
more.

The first category showed a very stable pattern. All three runs ended in unanimous support for FU.
This pattern remained unchanged even when expertise was reassigned across firms. Participants
consistently favored flexibility, water trading, and firm-level freedom to adapt more than the
stronger collective limits built into RU. RU was usually viewed as too rigid, too restrictive for
competitiveness, and less suited to uncertain water conditions. A key result in this category is that
changing which type of expert spoke for a larger or smaller firm altered the tone and emphasis of
the discussion, but not the final decision.

The second category produced the same final outcome. Both runs ended in unanimous support for
FU. In these runs, the moderator introduced clearer warnings about bad years, including lower dry-
season flow, curtailment risk, price spikes, crop losses, and higher pumping costs. Even with these
added risks, the participants still preferred the more flexible framework. The discussion showed
that the agents did not ignore the risks. Rather, they interpreted them as problems to be managed
through trading, efficiency upgrades, crop shifts, storage, hedging, and other forms of firm-level
adaptation. In this category, stronger risk information increased the seriousness of the discussion,
but it did not change the collective choice.

The third category also ended in support for FU. In this run, the moderator moved beyond
operational risk and explicitly raised the possibility of a tragedy of the commons. The agents
engaged with that framing, but it still did not push the group toward RAF. Instead, several
participants responded by arguing that market pricing and water trading could discourage overuse
by making scarcity visible and costly. In this run, the key observation is that explicitly naming the
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commons problem did not produce a shift toward stronger collective protection. The concept was
absorbed into the existing market-oriented logic rather than overturning it.

The fourth category was the only one that clearly shifted the final outcome. This category used
landowner roles with a longer-term and more place-based orientation, and it ended in unanimous
support for RU. In this run, the discussion gave much more weight to long-term land value,
stability, fairness, drought resilience, continuity, and the future condition of the basin. Participants
still spoke as informed actors with knowledge of agriculture and water management, but they no
longer treated flexibility as the dominant value. Instead, they treated the absence of strong dry-
season limits as a direct threat to the river, the land, and the long-term viability of farming in the
basin. This was the clearest case in the study where a change in role framing changed both the
discussion dynamics and the final vote.

The fifth category returned to unanimous support for FU. This category also used landowner roles,
but the roles emphasized shorter-term return, flexibility, liquidity, rapid growth, and exit options.
In these discussions, drought and volatility were often interpreted not only as risks, but also as
conditions that could be managed strategically through leasing, crop switching, idling land, selling
water at high prices, or redeploying capital. As a result, FU again became the preferred option.
This is an important result because it shows that simply changing from representatives to
landowners did not by itself produce a different collective outcome. What mattered was the type
of landowner identity and time horizon built into the role.

4. Discussion

It is evident that in most cases (seven out of eight scenarios) agents' collective decision supported
FU. Across most setups, flexibility, water trading, and firm-level discretion were treated as more
valuable than the stronger collective limits built into RU. Even when drought, water-use
restrictions, crop losses, and higher pumping costs were presented more clearly, the agents mostly
treated them as challenges to manage through adaptation rather than as reasons to accept stronger
basin-level limits.

The repeated representative-based runs show that changing which type of expert spoke for a larger
or smaller firm affected the language of the discussion more than the final result. Larger-firm
positions tended to stress scale, resilience, and strategic flexibility, while smaller-firm positions
more often emphasized vulnerability and cost pressure. Even so, both stronger and weaker firms
continued to prefer freedom of action and individual flexibility over tighter collective constraints.
This suggests that the attraction of FU was not limited to the most powerful actors, but extended
across firms with different levels of scale and exposure.

The strongest framing effect appeared in the landowner conditions. Moving from representatives
to landowners did not by itself change the outcome, because the short-term landowner category
still favored FU. What mattered was the type of role. When the framing shifted from a mainly
economic viewpoint to a more place-based and long-term view of responsibility toward the land
and the basin, the discussion also shifted. In that setting, the agents placed more weight on stability,
fairness, continuity, and future reliability, and the group chose RU.
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The results suggest that role framing had a stronger effect than informational framing in this study.
Additional risk information and even explicit mention of the tragedy of the commons did not
overturn the preference for FU. By contrast, changing the time horizon and social position built
into the role changed both the discussion dynamics and the final vote. This suggests that collective
decisions by generative Al agents are sensitive to framing, but that not all forms of framing have
the same influence.

5. Conclusion

Across most runs, the agents preferred FU, which gave more room for flexibility, trading, and
firm-level choice. This preference remained strong even when the moderator introduced more risk
information or explicitly mentioned the tragedy of the commons. The only clear shift occurred
when the framing moved away from short-term economic freedom and toward long-term care for
land and basin stability. In that setting, the group chose the more protective option. These findings
suggest that current generative Al agents do not respond to all forms of framing in the same way.
In the current setup, they did not reliably treat the tragedy of the commons as a distinct warning
that required stronger collective protection, and role design appeared to matter more than added
information alone.

At the same time, the results also show that not all framing has the same effect. Small informational
changes were usually not enough to shift the final vote, but changes in role design and time horizon
had a much stronger influence. Agents generally favored freedom of action and near-term
economic benefit unless the framing shifted the discussion toward long-term responsibility, land
continuity, and protection of the basin over time. Under that kind of framing, the group moved
toward RU. This makes the present study a preliminary but useful step in understanding how
generative Al agents behave as autonomous decision-making actors in shared-resource settings,
and why framing must be treated as a central issue in any future use of such systems for decision
support or policy exploration. This study has several limitations. It was based on a small number
of runs, used only one LLM family, and relied on agents that did not have retrieval support from
external domain sources, even though real experts often work with access to documents, data, and
background materials. A natural next step would be to test multiple LLMs, add retrieval-
augmented support, expand the range of roles, and give the moderator a stronger checking function
to challenge weak reasoning, provide feedback, and correct clear mistakes during the discussion.
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