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1. Introduction and Research
Objective

The Gamer’s Dilemma is a problem in the ethics
of virtual environments concerning an apparent
asymmetry in the moral evaluation of fictional
wrongdoing. Virtual murder is widely present in
videogames and is usually regarded as morally
permissible, while virtual child molestation is
commonly judged to be morally unacceptable
even when no real child is involved. Luck’s
original formulation shows the difficulty of sus-
taining this contrast: if both actions occur en-
tirely within a virtual environment and neither
directly harms an actual victim, it is not obvious
which morally relevant distinction could justify
accepting one while rejecting the other [3].
Most of the philosophical debate has therefore
focused on the search for such a distinction,
or on the attempt to weaken the intuitions
that make the dilemma compelling. This thesis
adopts a different perspective. Its aim is not to
decide which moral evaluation of virtual actions
is ultimately correct. Instead, it investigates
how different evaluations may emerge, stabilize,
and persist through the strategic interaction of
the actors involved in the gaming ecosystem. In
this sense, the thesis shifts the focus from the
justification of a single moral judgment to the
dynamics through which moral judgments be-

come socially established.
The starting point of the analysis is Arioli’s
static game-theoretic formulation of the Gamer’s
Dilemma [1]. In that framework, Developers,
Society, and, in the extended version, Gamers
are represented as strategic agents whose incen-
tives determine which forms of virtual content
can be sustained as equilibrium outcomes. The
present work develops this approach in evolu-
tionary terms. Static Nash equilibria are not
treated as final answers, but as possible long-run
configurations whose emergence depends on the
adjustment process followed by the populations.
The central question becomes: under which con-
ditions do alternative normative regimes arise,
and how are they selected over time?
To answer this question, the thesis constructs a
sequence of evolutionary models based on multi-
population replicator dynamics. Developers
represent the producers of videogame content;
Society represents the broader social environ-
ment that tolerates, or censors virtual actions;
Gamers, in the three-population extension, rep-
resent consumers and their attitudes toward con-
troversial content. The analysis combines lo-
cal stability, invariant reductions, parametric in-
vestigation, and numerical simulations. Across
these models, a common pattern emerges: the
dynamics does not generally select a unique
long-run outcome. Instead, it admits multi-

1



Executive summary Leonardo Grifalconi

ple stable regimes, threshold effects, and path-
dependent trajectories.

2. Mathematical Framework
The mathematical framework is evolutionary
game theory. In a classical static game, strategic
behavior is usually studied by identifying profiles
from which no player has an incentive to devi-
ate. Evolutionary game theory adds a dynamic
interpretation: strategies that perform better
than the population average increase their fre-
quency, while strategies that perform worse de-
cline. This makes it possible to study not only
which equilibria exist, but also whether they can
be reached, whether they are stable, and how the
state space is divided among competing attrac-
tors [2, 4].
For a population with strategy distribution x =
(x1, . . . , xn) and payoff functions πi(x), the
replicator equation is

ẋi = xi
(
πi(x)− π̄(x)

)
,

π̄(x) =

n∑
j=1

xjπj(x).
(1)

The same principle extends naturally to multi-
population systems. If population k has state
x(k) and payoff π

(k)
i , then

ẋ
(k)
i = x

(k)
i

(
π
(k)
i − π̄(k)

)
. (2)

This formulation is especially appropriate for
the present problem, because the relevant actors
do not belong to a single population. Develop-
ers, Society, and Gamers play different roles and
adapt according to different payoff functions.
Several structural properties of replicator dy-
namics are crucial for the thesis. First, the
simplex of population states is invariant: strat-
egy frequencies remain non-negative and sum to
one. Secondly, every face of the simplex is in-
variant. Hence, if a strategy is absent at the ini-
tial time, it remains absent along the trajectory.
This property justifies the analysis of lower-
dimensional invariant subsystems. Thirdly, lo-
cal stability can be studied through the Jaco-
bian matrix of the reduced system. Pure equilib-
ria with all transversal eigenvalues negative are
locally attracting, while equilibria with eigenval-
ues of opposite sign act as saddles. These saddle

configurations are central because they may sep-
arate basins of attraction even though they are
not observable as long-run outcomes.
The conceptual relevance of this framework lies
in its ability to model moral and social pat-
terns as dynamic outcomes. Stable equilibria
can be interpreted as self-reinforcing normative
regimes: once Developers, Society, and Gamers
adopt mutually consistent behaviors, deviations
become disadvantageous and the configuration
may persist. Conversely, unstable equilibria and
threshold manifolds explain how small differ-
ences in initial conditions can lead to different
social outcomes.

3. Two-Population Evolution-
ary Model

The first model studies the interaction between
Developers and Society. Developers choose
among four strategies: including only murder-
related content (IM), including only pedophilia-
related content (IP ), including both (IB), or
excluding both (EB). Society chooses among
tolerating only murder (TM), tolerating only
pedophilia (TP ), tolerating both (TB), or cen-
soring both (CB). The numerical payoff matri-
ces are inherited from Arioli’s static formulation
and are interpreted as an illustrative specifica-
tion of the relevant incentives, not as empirical
measurements.
The evolutionary analysis identifies two pure
equilibria that are locally asymptotically sta-
ble. The first is (IM, TM), corresponding to
a regime in which murder-related content is im-
plemented by Developers and tolerated by Soci-
ety. The second is (EB,CB), corresponding to a
regime in which both forms of controversial con-
tent are excluded and censored. The eigenvalues
of the reduced Jacobian are strictly negative at
both profiles, confirming their local stability.
This result already reveals the first cen-
tral conclusion of the thesis: the model
does not determine a unique long-run con-
vention. Both implementation-and-tolerance
and exclusion-and-censorship can become self-
reinforcing. Which of the two regimes is reached
depends on the initial state of the populations
and on the basin of attraction in which the tra-
jectory begins.
To understand the mechanism of equilibrium se-
lection, the thesis studies invariant reductions of
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the full system. The most transparent one re-
stricts Developers to IM and EB, and Society
to TM and CB. Denoting by p the frequency of
IM and by q the frequency of TM , the reduced
dynamics is

ṗ = p(1− p)(11q − 3),

q̇ = q(1− q)(3p− 1).
(3)

Besides the two stable boundary equilibria, this
system admits an interior equilibrium

(p∗, q∗) =

(
1

3
,
3

11

)
. (4)

The Jacobian at this point has eigenvalues of
opposite sign, so the equilibrium is a saddle. It
does not represent a stable long-run state, but it
acts as a threshold separating trajectories that
converge to different attractors.
A richer reduction retains all four Society strate-
gies while restricting Developers to IM and EB.
This system contains two saddle configurations,
denoted S1 and S2, which extend the threshold
mechanism beyond the planar case. Their sad-
dle nature persists when they are embedded in
the full six-dimensional system. Therefore, the
reduced models do not merely describe artifacts
of simplification; they reveal genuine organizing
structures of the complete evolutionary game.
The analysis therefore shows that alternative
moral configurations can persist within the same
strategic environment. The relevant question is
not only which equilibria are stable, but how the
population trajectory is distributed among com-
peting basins of attraction. Moral judgments, in
this model, are not represented as isolated indi-
vidual evaluations, but as social outcomes stabi-
lized by reciprocal adaptation between content
producers and the surrounding community.

4. Parametric Analysis
The numerical model shows that multistabil-
ity and threshold effects can arise, but it does
not by itself distinguish accidental features of
the chosen numbers from structural features
of the game. For this reason, the thesis in-
troduces a parametric formulation of the two-
population model. The Developer payoff in-
cludes the benefit of tolerated murder-related
content m, the benefit of tolerated pedophilia-
related content p, the costs of opposition kM

and kP , and the reputational backlash b asso-
ciated with pedophilia-related content. The pa-
rameters of society’s payoff are αM and αP mea-
sure the social cost of tolerating murder-related
and pedophilia-related content, respectively; γM
and γP describe the cost associated with op-
posing those contents when they are present;
and δM , δP represent the institutional or enforce-
ment costs associated with censorship.
The first major result of the parametric analysis
is the structural threshold

p = b. (5)

When p < b, the reputational backlash associ-
ated with pedophilia-related content exceeds the
benefit obtained when such content is tolerated.
In this regime, IP is strictly dominated by EB,
and IB is strictly dominated by IM . Hence the
Developer’s effective strategy set collapses from
four strategies to two. This reduction is not im-
posed by moral assumption; it emerges endoge-
nously from the incentive structure of the game.
In the reduced regime p < b, the game can
be further simplified. Depending on the sign
of the parameter δP , Society’s effective strat-
egy set is reduced to one of two equivalent
pairs. A representative reduced interaction is
(IM,EB) × (TM,CB). If x is the frequency
of IM and y the frequency of TM , the system
becomes

ẋ = x(1− x)
(
(m+ kM )y − kM

)
, (6)

ẏ = y(1− y)
(
(γM − αM )x+ δM

)
. (7)

This two-dimensional system admits a complete
qualitative classification. Depending on the
signs of the threshold expressions, the dynam-
ics may have a unique stable convention cor-
responding to implementation and tolerance, a
unique stable convention corresponding to ex-
clusion and opposition, a bistable coordination
regime, or a cyclic regime organized around a
non-hyperbolic interior equilibrium.
The bistable regime is particularly important.
In that case both diagonal equilibria are lo-
cally stable and the interior equilibrium is a sad-
dle. The saddle separates the two basins of at-
traction and determines which convention is se-
lected. Thus the same strategic interaction can
produce different long-run moral outcomes de-
pending on the initial distribution of attitudes
and behaviors.
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The full regime p > b has a different struc-
ture. Pedophilia-related strategies are no longer
eliminated by dominance, so all four Developer
strategies remain active. The analysis of pure
equilibria shows that only the four diagonal pro-
files can be Nash equilibria:

(IM, TM), (IP, TP ),

(IB, TB), (EB,CB).
(8)

Their local stability regions are determined by
inequalities involving δM , δP , αM − γM , and
αP − γP . In compact form, the stability con-
ditions are

(IM, TM) : δP < 0, δM > αM − γM ,

(IP, TP ) : δM < 0, δP > αP − γP ,

(IB, TB) : δM > αM − γM ,

δP > αP − γP ,

(EB,CB) : δM < 0, δP < 0.

(9)

These regions show that the full game can sup-
port several different stable conventions. The
long-run outcome depends on the parameter
regime and on the basin in which the evolution-
ary process begins.
The lower-dimensional invariant faces provide
the organizing structure of the full system.
Among the 2 × 2 faces, the dynamically rele-
vant ones are those connecting pairs of diagonal
equilibria. Under suitable conditions, they con-
tain interior saddle equilibria that contribute to
the separation of basins of attraction. The anal-
ysis of selected 3× 3 subsystems reveals an even
more robust pattern. Introducing

∆M = αM − γM , ∆P = αP − γP , (10)

all dynamically relevant 3 × 3 subsystems ex-
hibit the same qualitative classification: the in-
terior equilibrium is a saddle when ∆M∆P < 0,
a center when both quantities are positive, and
unstable when both are negative.
Finally, the thesis proves that the full 4× 4 sys-
tem admits no fully interior equilibrium. Solv-
ing the Developer indifference conditions forces
the component associated with the Society strat-
egy TB to be zero. Therefore, coexistence of all
strategies is impossible. The global dynamics
must be organized by boundary equilibria, in-
variant faces, and saddle configurations. This
reinforces the view that the evolutionary struc-
ture of the Gamer’s Dilemma is not governed

by a single global coexistence point, but by a
network of lower-dimensional threshold mecha-
nisms.

5. Three-Population Extension
The final model introduces Gamers as a third
population. Developers and Society retain their
previous four strategies, while Gamers choose
among accepting murder-related content (AM),
accepting pedophilia-related content (AP ), ac-
cepting both (AB), or rejecting both (RB).
This extension captures the fact that the moral
and strategic status of virtual content is not
shaped only by producers and social institutions,
but also by the attitudes of players themselves.
The three-population system evolves on the
product of three simplices and is again governed
by multi-population replicator dynamics. The
analysis identifies a significant structural degen-
eracy in the Society population. The payoff
functions satisfy

πS
TM = πS

CB, πS
TP = πS

TB. (11)

As a consequence, the ratios y1/y4 and y2/y3 re-
main constant along trajectories whenever they
are defined. Introducing the aggregate variable

u = y1 + y4, (12)

one obtains

u̇ = 8u(1− u)(x2 + x3). (13)

Thus u is nondecreasing along trajectories and
increases whenever Developers assign positive
mass to the strategies involving pedophilia-
related content. This property reduces part of
the Society dynamics to a monotone process and
reveals invariant quantities that organize the full
system.
The static three-player game admits eight pure
Nash equilibria. Under replicator dynamics,
all of them are spectrally stable in the sense
that all non-zero eigenvalues of the Jacobian are
strictly negative. However, each equilibrium is
non-hyperbolic because the Jacobian also con-
tains zero eigenvalues generated by the struc-
tural degeneracies of Society’s payoff functions.
Linearization alone is therefore not sufficient to
establish asymptotic stability in the full state
space. The dynamics must instead be under-
stood through invariant subsystems.
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The most informative subsystem is obtained by
imposing

x2 = x3 = 0, (14)

so that Developers use only IM and EB. On
this invariant set, all Society strategies receive
the same payoff, and therefore Society becomes
frozen at its initial condition. Its state never-
theless affects the subsequent evolution through
the parameter

a = y1 + y3. (15)

After eliminating dominated Gamer strategies,
the reduced interaction involves only IM and
EB for Developers and AM and RB for Gamers.
If p denotes the frequency of IM and r the fre-
quency of AM , the planar system is

ṗ = p(1− p)
(
(8a+ 4)r + 5a− 9

)
, (16)

ṙ = 5ap r(1− r). (17)

A qualitative transition occurs at

a =
5

13
. (18)

For a < 5/13, the frequency of IM decreases
throughout the interior and the dynamics is
driven toward EB. For a > 5/13, the null-
cline enters the state space and creates a region
from which IM can become dominant together
with increasing acceptance by Gamers. At the
threshold itself, the system lies at the boundary
between these regimes.
This result is important because the parame-
ter a is determined by the initial composition
of Society. Even when Society is dynamically
frozen in the reduced subsystem, its initial distri-
bution shapes the long-run interaction between
Developers and Gamers. The three-population
extension therefore confirms the central insight
of the thesis: equilibrium selection is path-
dependent and mediated by invariant structures
and threshold effects.

6. Conclusions
The main contribution of the thesis is the in-
troduction of an evolutionary perspective on
the Gamer’s Dilemma. Instead of treating the
dilemma only as a question about the correct
moral evaluation of virtual murder and virtual

child molestation, the thesis studies how differ-
ent moral evaluations can arise as stable out-
comes of strategic interaction.
The two-population numerical model shows that
multiple self-reinforcing regimes can coexist.
The parametric analysis demonstrates that this
phenomenon is not accidental, but follows from
structural properties of the game. The three-
population extension confirms that the inclusion
of Gamers enriches the strategic landscape with-
out eliminating multistability, threshold depen-
dence, or the role of invariant subsystems.
Across all chapters, stable equilibria represent
possible normative conventions, while saddle
equilibria and lower-dimensional invariant faces
determine how those conventions are selected.
The long-run outcome depends not only on pay-
offs, but also on initial conditions and on the
historical trajectory of the system. This pro-
vides a formal account of how alternative moral
judgments may become socially established over
time.
The philosophical implication is that disagree-
ment about virtual actions need not be inter-
preted only as a failure to identify the correct
moral principle. It may also reflect the existence
of multiple stable normative equilibria. From
this perspective, the Gamer’s Dilemma is not
only a problem about whether a morally relevant
distinction exists, but also a problem about how
moral distinctions emerge, persist, and acquire
social force.
The value of the analysis does not lie in provid-
ing an exhaustive classification of every possi-
ble trajectory, but in identifying the structural
mechanisms that organize the evolutionary be-
havior of the model. The numerical, paramet-
ric, and three-population analyses all point to
the same conclusion: moral judgments in vir-
tual environments may be shaped by stable con-
ventions, threshold effects, and path-dependent
processes. In this sense, the thesis shows that
evolutionary game theory provides a productive
framework for studying the formation of moral
judgments and for connecting ethical debates
with formal models of social dynamics.
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